Beam Loss Monitors

By Kay Wittenburg,
Deutsches Elektronen Synchrotron DESY, Hamburg, Germany

You do not need a BLM System as long as you have a perfect machine without
any problems. However, you probably do not have such a nice machine,
therefore you better install one.
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Introduction

Beam loss monitor systems are designed for measuring beam losses around an
accelerator or storage ring. A detailed understanding of the loss
mechanism, together with an appropriate design of the BLM-System and
an appropriate location of the monitors enable a wide field of very useful
beam diagnostics and machine protection possibilities.
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Introduction

The important characteristic in “Beam Losses” is the number of

particles lost per unit time AN/At. The beam lifetime t is defined with
N(t) =N, e"

where N, is the initial intensity. At the accelerator design stage, such

questions as, “What is the minimum/maximum possible beam

lifetime?” and, “What (and where) is the tolerable beam loss rate

for accelerator components?” have to be answered. This lecture will

discuss some of the typical beam loss mechanisms and how to measure
them.

| like to divide beam losses into 2 classes:
) Irreqular (uncontrolled, fast) losses
1) Reqular (controlled, slow) losses

Beam Dynamics and Beam Losses - Circular Machines ; V. Kain, 2014 Joint
International Accelerator School : Beam Loss and Accelerator Protection
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1a) Loss Classes I: Irreqular Losses

The irregular losses may be distributed around the machine and not obviously on the
collector system. Can be avoided and should be kept to low levels:

v'to keep activation low enough for hands-on maintenance, personal safety and
environmental protection.

v’ to protect machine parts from beam related (radiation) damage (incl. Quench
protection and protection of the detector components)

v to achieve long beam lifetimes/efficient beam transport to get high integrated
luminosity for the related experiments.

These higher levels losses are very often a result of a misaligned beam or a fault
condition, e.g. operation failure, trip of the HF-system or of a magnet power supply.
Sometimes such losses have to be tolerated even at a high level at low repetition
rates during machine studies. A beam loss monitor system should define the
allowed level of those losses. The better protection there is against these losses, the
less likely is down time due to machine damage.

A post mortem event analysis is most helpful to understand and analyze the
faulty condition.
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1a) Loss Classes IT: Reqular Losses

Regular (controlled, slow) loss:
Those losses are typically not avoidable and are localized on the collimator
system or on other (hopefully known) aperture limits. They might occur
continuously during operational running and correspond to the
lifetime/transport efficiency of the beam in the accelerator. The lowest
possible loss rate is defined by the theoretical beam lifetime due to various
effects: Touschek effect, beam beam interactions, collisions, transversal and
longitudinal diffusion, residual gas scattering, halo scraping, instabilities etc.
These effects are suitable for machine diagnostic with a BLM system; the
system should be sensitive enough to enable machine fine tuning and
machine studies with the help of BLM signals:

»sometimes even at low beam intensity to avoid high losses and/or

»during machine commissioning and

»at various energies during acceleration

It is clearly advantageous to design a BLM System which is able to deal
with both (irreqular and regular) loss modes.

=> \ery high dynamic range Is required!!!
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1a) Loss Classes ITI

Examples for reqular (controlled,

slow) losses.
Examples to make diagnhostics
with BLMSs

e Injection studies

» Lifetime limitations (Touschek
effect, etc.)

 Tail/Halo scans
* Loss Maps

e Tune scans

e Ground motion
e Diffusion

Examples for Irreqular (uncontrolled,
fast) losses.

They might result in:

« Destruction of Vacuum-Components

» Superconducting machines: Quenching
« Activation of environment due to losses
« Commissioning: Obstacle

 Limited lifetime: Vacuum Problems
(Coulomb Scattering)

« Limited lifetime: Microparticles
» Limited lifetime: UFOs

Examples are shown in the handouts
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1b) Principles of loss detection

Considerations in selecting a Beam Loss Monitor (common aspects):
By R.E.Shafer; BIW 2002

 Type of output (current or pulse)

* Ease of calibration (online)

 System end-to-end online tests

» Uniformity of calibration (unit to unit)

 Calibration drift due to aging, radiation damage, outgassing, etc.
< Radiation hardness (materia)—

* Reliability, Availability, Maintainability, Inspect ability, Robustness
* Cost (incl. Electronics)

« Shieldability from unwanted radiation (Synchrotron Radiation)

* Physical size . o Systems, like differential
« Spatial uniformity of coverage (e.g. in long tunnel, directionality) beam current

(Q Qynamic rang®(rads/sec and_rads) measurements, have a very
» Bandwidth (temporal resolution) rough position resolution.
* Response to low duty cycle (pulsed) radiation

. . . . Dose measurements (or
* Instantaneous dynamic range (vs. switched gain dynamic range)

: : . _ activation) have a very
. Rlzsnp;nss;:utrc; xcesswely high radiation levels (graceful degradation) long time constant and are

— not the subject of this

Slosionno.y -
session.

v
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1b) Principles of loss detection

Signal Source or What should a Beam Loss Monitor monitor?

Ideal BLM system
While no ideal system exists, let us formulate the main features of such a hypothetical

system:

1. Radiation detector with high dynamic range to be used for both regular (low) loss and
irregular (high and fast) loss.

2. Sensitive only to radiation caused by beam loss. (Not: Synchrotron radiation, Dark
current, ...)

3. Allows one to find out the amount of beam lost (conversion from BLM signal to actual
number of primary (lost) particles).

4. Resolves time structure of loss.

5. Resolves spatial distribution of beam loss.

The signal source of beam loss monitors is mainly ...

Beam Loss Monitors (BLMSs): Physics, Simulations and Applications in
Accelerators, A. P. Zhukov, BIW10, Santa Fe, New Mexico USA
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1b) Principles of loss detection

Signal source:
... 1Is mainly the ionizing capability of the charged shower particles.

lonization Loss described by Bethe-Bloch Formular:

E — 4T nz’ [: e’ 2 I [i mecg.ﬁg 62 with
“dr  m.@ @ 4?“5']) [ln I-(1— 32)) - 57 B=vicand | = 16- eV-Z09
DE/dx (MeV-cm?/gram)
10 P i 5 i .
50““1? ™ - dE/dXMinimum atzl
N \é\, ~ Aluminum ~2 MeV/(g/?m )
e e PO MIP ionizing particle (MIP),
; \\”\_ (Minimum lonizing Particle) ) .
S BN valid for many materials.
2l \\: / This energy can be used
L IR I s S BN S to create electron / ion
1 2 5 10 20 50 100 200 500 1000 2000 5000 10000 B .
Proton energy (MeV) pairs or photons in the

BLM-detector material.

Figure 1. Plot of energy loss dE/dx vs. energy of incident proton.
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1b) Principles of loss detection

Useful:

Using the definition of a rad radiation dose as 100 ergs per gram leads to
another definition, in terms of MIPs.

100cres __MeV  MIP-gram _ | 17 yips per cm?
gram 1.6:107 ergs 2ZMeV -cm

| rad =

So now we can describe the response of a beam loss monitor in terms of either
energy deposition (100 ergs/gram), or in terms of a charged particle (MIPs)
flux (3.1-107 MIPs/cm?). (from R. Shafer)
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1c) Positioning of the BLM (I):

Each BLM at different locations needs its special efficiency-calibration in

terms of signal/lost particle (Sigg, y(t)/N,,s(1), especially while the BLM detects

secondaries and not the primary lost particle. This calibration can be calculated

by:

1. Use of a Monte Carlo Program with the (more or less) exact geometry and
materials between the beam loss and the BLM to understand the measured

Loss Efficiency €g p = Ngim(t) / Njogs (1) With Ny, (1) = rate of (signal-
generating) particles reaching the BLM.

2. Knowing the Sensitivity of the BLM (Sg, ,,) on (signal-generating) particles.
(More in the 2" part of this talk)

=> Sigg m(t) = Sg v * N m(t) & Ny () = SigBLM(t)

Where to put the BLMs to measure beam losses with high efficiency &g \4?
It should be clear, that €g, 4 depends on the energy, the location of the BLM in
the accelerator and on loss distributions/ loss mechanism around the ring.
Preferred locations for beam losses and therefore for BLMs might be
Collimators, scraper, aperture limits, and high B-functions..., therefore also the
(superconducting) quadrupoles => Monte Carlo Simulations required!
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Positioning of the BLM (II):

The standard way of simulating radiation propagation in a medium is to employ Monte Carlo codes.
Modern codes include vast physics models and capabilities to simulate realistic beam line geometries.

Among most widely used codes are:

¢ MCNPX (LANL/ORNL)

« MARS (FNAL)

e GEANT4 (CERN/SLAC/ ... and others)
 FLUKA (CERN/INFN/ ...)

e SHIELD (INR), for hadrons only

E.g. Geant4 contains different physics models, and the user can define which one to use. The

electromagnetic interactions include:

Photon processes

e yconversion into e+ e- pair

e Compton scattering

* Photoelectric effect

» Rayleigh scattering

» Gamma-nuclear interaction in hadronic sub-package
Charged processes

* lonization

e Coulomb scattering

e Bremsstrahlung

* Nuclear interaction in hadronic sub-package
» Positron annihilation

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018
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Monte Carlo calculations for calibration and positioning (III)

Energy dependence:
Low Energy Proton Beam = Shielded Shower
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Loss in the middle of first quadrupole

Important:

by energy.

Loss Efficiency gg, 4 has to be calibrated
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Technical Note ESS/AD/0032
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Monte Carlo calculations for calibration and positioning (IV)
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10" =-Energy deposition inside the Coils
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Figure 4: Correlation between the maximum power deposi-
tion in the SC coils and the BLM signals outside the cryostat
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The Dual Use of Beam s Monitors at
FAIR-SIS100: General Diagnostics and
Quench Prevention of Superconducting
Magnets; S. Damjanovic, et al., IPACL1S6,
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Monte Carlo calculations for calibration and positioning (VI)

Understanding the loss dynamics:
Losses due to: Touschek- or Coulomb scattering, Failures, Microparticles, Obstacle, ...

Trajectory of electrons due to energy loss (Coulomb scattering)
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the vacuum chamber Electron Beam Loss Monitors for HERA, F. Ridoutt, et al, EPAC 1994 and
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Sheet: FODOZEL
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288.0

-1.488E-5

-2.977E-5

-4.465E-5

-5.953E-5

-7.441E-5

-8.93E-5

-1.191E-4

-1.488E-4

-1.042E-4

-1.339E-4

292.0

-1.578E-5

-3.156E-5

-4.734E-5

-6.311E-5

-7.889E-5

-9.467E-5

-1.262E-4

-1.578E-4

-1.105E-4

-1.42E-4

296.0

-1.67E-5

-3.34E-5

-5.01E-5

-6.68E-5

-8.35E-5

-1.002E-4

-1.336E-4

-1.67E-4

-1.169E-4

-1.503E-4

300.0

-1.765E-5

-3.53E-5

-5.295E-5

-7.059E-5

-8.824E-5

-1.059E-4

-1.412E-4

-1.765E-4

-1.235E-4

-1.588E-4

304.0

-1.862E-5

-3.725E-5

-5.587E-5

-7.449E-5

-9.311E-5

-1.117E-4

-1.49E-4

-1.862E-4

-1.304E-4

-1.676E-4

308.0

-1.962E-5

-3.925E-5

-5.887E-5

-7.849E-5

-9.812E-5

-1.177E-4

-1.57E-4

-1.962E-4

-1.374E-4

-1.766E-4

312.0

-2.065E-5

-4.13E-5

-6.195E-5

-8.26E-5

-1.032E-4

-1.239E-4

-1.652E-4

-2.065E-4

-1.445E-4

-1.858E-4

316.0

-2.17E-5

-4.34E-5

-6.511E-5

-8.681E-5

-1.085E-4

-1.302E-4

-1.736E-4

-2.17E-4

-1.519E-4

-1.953E-4

320.0

-2.278E-5

-4.556E-5

-6.834E-5

-9.113E-5

-1.139E-4

-1.367E-4

-1.823E-4

-2.278E-4

-1.595E-4

-2.05E-4

324.0

-2.389E-5

-4.777E-5

-7.166E-5

-9.555E-5

-1.194E-4

-1.433E-4

-1.911E-4

-2.389E-4

-1.672E-4

-2.15E-4

328.0

-2.502E-5

-5.004E-5

-7.505E-5

-1.001E-4

-1.251E-4

-1.501E-4

-2.001E-4

-2.502E-4

-1.751E-4

-2.252E-4

332.0

-2.617E-5

-5.235E-5

-7.852E-5

-1.047E-4

-1.309E-4

-1.57E-4

-2.094E-4

-2.617E-4

-1.832E-4

-2.356E-4

336.0

-2.736E-5

-5.472E-5

-8.208E-5

-1.094E-4

-1.368E-4

-1.642E-4

-2.189E-4

-2.736E-4

-1.915E-4

-2.462E-4

340.0

-2.857E-5

-5.714E-5

-8.57E-5

-1.143E-4

-1.428E-4

-1.714E-4

-2.285E-4

-2.857E-4

-2.0E-4

-2.571E-4

344.0

-2.98E-5

-5.961E-5

-8.941E-5

-1.192E-4

-1.49E-4

-1.788E-4

-2.384E-4

-2.98E-4

-2.086E-4

-2.682E-4

348.0

-3.107E-5

-6.213E-5

-9.32E-5

-1.243E-4

-1.553E-4

-1.864E-4

-2.485E-4

-3.107E-4

-2.175E-4

-2.796E-4

352.0

-3.235E-5

-6.471E-5

-9.706E-5

-1.294E-4

-1.618E-4

-1.941E-4

-2.588E-4

-3.235E-4

-2.265E-4

-2.912E-4

356.0

-3.367E-5

-6.734E-5

-1.01E-4

-1.347E-4

-1.683E-4

-2.02E-4

-2.694E-4

-3.367E-4

-2.357E-4

-3.03E-4

360.0

-3.501E-5

-7.002E-5

-1.05E-4

-1.4E-4

-1.75E-4

-2.101E-4

-2.801E-4

-3.501E-4

-2.451E-4

-3.151E-4

364.0

-3.638E-5

-7.275E-5

-1.091E-4

-1.455E-4

-1.819E-4

-2.183E-4

-2.91E-4

-3.638E-4

-2.546E-4

-3.274E-4

368.0

-3.777E-5

-7.554E-5

-1.133E-4

-1.511E-4

-1.888E-4

-2.266E-4

-3.022E-4

-3.777E-4

-2.644E-4

-3.399E-4

372.0

-3.919E-5

-7.838E-5

-1.176E-4

-1.568E-4

-1.959E-4

-2.351E-4

-3.135E-4

-3.919E-4

-2.743E-4

-3.527E-4

376.0

-4.063E-5

-8.127E-5

-1.219E-4

-1.625E-4

-2.032E-4

-2.438E-4

-3.251E-4

-4.063E-4

-2.844E-4

-3.657E-4

380.0

-4.211E-5

-8.421E-5

-1.263E-4

-1.684E-4

-2.105E-4

-2.526E-4

-3.368E-4

-4.211E-4

-2.947E-4

-3.789E-4

384.0

-4.36E-5

-8.721E-5

-1.308E-4

-1.744E-4

-2.18E-4

-2.616E-4

-3.488E-4

-4.36E-4

-3.052E-4

-3.924E-4

388.0

-4.513E-5

-9.025E-5

-1.354E-4

-1.805E-4

-2.256E-4

-2.708E-4

-3.61E-4

-4.513E-4

-3.159E-4

-4.061E-4

392.0

-4.668E-5

-9.335E-5

-1.4E-4

-1.867E-4

-2.334E-4

-2.801E-4

-3.734E-4

-4.668E-4

-3.267E-4

-4.201E-4

396.0

-4.825E-5

-9.651E-5

-1.448E-4

-1.93E-4

-2.413E-4

-2.895E-4

-3.86E-4

-4.825E-4

-3.378E-4

-4.343E-4

400.0

-4.985E-5

-9.971E-5

-1.496E-4

-1.994E-4

-2.493E-4

-2.991E-4

-3.988E-4

-4.985E-4

-3.49E-4

-4.487E-4

404.0

-5.148E-5

-1.03E-4

-1.544E-4

-2.059E-4

-2.574E-4

-3.089E-4

-4.119E-4

-5.148E-4

-3.604E-4

-4.633E-4

408.0

-5.314E-5

-1.063E-4

-1.594E-4

-2.126E-4

-2.657E-4

-3.188E-4

-4.251E-4

-5.314E-4

-3.72E-4

-4.782E-4

412.0

-5.482E-5

-1.096E-4

-1.645E-4

-2.193E-4

-2.741E-4

-3.289E-4

-4.386E-4

-5.482E-4

-3.837E-4

-4.934E-4

416.0

-5.653E-5

-1.131E-4

-1.696E-4

-2.261E-4

-2.826E-4

-3.392E-4

-4.522E-4

-5.653E-4

-3.957E-4

-5.087E-4

420.0

-5.826E-5

-1.165E-4

-1.748E-4

-2.33E-4

-2.913E-4

-3.496E-4

-4.661E-4

-5.826E-4

-4.078E-4

-5.243E-4

424.0

-6.002E-5

-1.2E-4

-1.801E-4

-2.401E-4

-3.001E-4

-3.601E-4

-4.801E-4

-6.002E-4

-4.201E-4

-5.402E-4

428.0

-6.18E-5

-1.236E-4

-1.854E-4

-2.472E-4

-3.09E-4

-3.708E-4

-4.944E-4

-6.18E-4

-4.326E-4

-5.562E-4

432.0

-6.362E-5

-1.272E-4

-1.908E-4

-2.545E-4

-3.181E-4

-3.817E-4

-5.089E-4

-6.362E-4

-4.453E-4

-5.725E-4

436.0

-6.545E-5

-1.309E-4

-1.964E-4

-2.618E-4

-3.273E-4

-3.927E-4

-5.236E-4

-6.545E-4

-4.582E-4

-5.891E-4

440.0

-6.732E-5

-1.346E-4

-2.02E-4

-2.693E-4

-3.366E-4

-4.039E-4

-5.385E-4

-6.732E-4

-4.712E-4

-6.059E-4

444.0

-6.921E-5

-1.384E-4

-2.076E-4

-2.768E-4

-3.46E-4

-4.152E-4

-5.537E-4

-6.921E-4

-4.845E-4

-6.229E-4

448.0

-7.112E-5

-1.422E-4

-2.134E-4

-2.845E-4

-3.556E-4

-4.267E-4

-5.69E-4

-7.112E-4

-4.979E-4

-6.401E-4

452.0

-7.307E-5

-1.461E-4

-2.192E-4

-2.923E-4

-3.653E-4

-4.384E-4

-5.845E-4

-7.307E-4

-5.115E-4

-6.576E-4

456.0

-7.503E-5

-1.501E-4

-2.251E-4

-3.001E-4

-3.752E-4

-4.502E-4

-6.003E-4

-7.503E-4

-5.252E-4

-6.753E-4

460.0

-7.703E-5

-1.541E-4

-2.311E-4

-3.081E-4

-3.851E-4

-4.622E-4

-6.162E-4

-7.703E-4

-5.392E-4

-6.933E-4

464.0

-7.905E-5

-1.581E-4

-2.372E-4

-3.162E-4

-3.953E-4

-4.743E-4

-6.324E-4

-7.905E-4

-5.534E-4

-7.115E-4

468.0

-8.11E-5

-1.622E-4

-2.433E-4

-3.244E-4

-4.055E-4

-4.866E-4

-6.488E-4

-8.11E-4

-5.677E-4

-7.299E-4

472.0

-8.317E-5

-1.663E-4

-2.495E-4

-3.327E-4

-4.159E-4

-4.99E-4

-6.654E-4

-8.317E-4

-5.822E-4

-7.485E-4

476.0

-8.527E-5

-1.705E-4

-2.558E-4

-3.411E-4

-4.264E-4

-5.116E-4

-6.822E-4

-8.527E-4

-5.969E-4

-7.674E-4

480.0

-8.74E-5

-1.748E-4

-2.622E-4

-3.496E-4

-4.37E-4

-5.244E-4

-6.992E-4

-8.74E-4

-6.118E-4

-7.866E-4

484.0

-8.955E-5

-1.791E-4

-2.686E-4

-3.582E-4

-4.477E-4

-5.373E-4

-7.164E-4

-8.955E-4

-6.268E-4

-8.059E-4

488.0

-9.173E-5

-1.835E-4

-2.752E-4

-3.669E-4

-4.586E-4

-5.504E-4

-7.338E-4

-9.173E-4

-6.421E-4

-8.255E-4

492.0

-9.393E-5

-1.879E-4

-2.818E-4

-3.757E-4

-4.697E-4

-5.636E-4

-7.514E-4

-9.393E-4

-6.575E-4

-8.454E-4

496.0

-9.616E-5

-1.923E-4

-2.885E-4

-3.846E-4

-4.808E-4

-5.77E-4

-7.693E-4

-9.616E-4

-6.731E-4

-8.655E-4

500.0

-9.842E-5

-1.968E-4

-2.953E-4

-3.937E-4

-4.921E-4

-5.905E-4

-7.873E-4

-9.842E-4

-6.889E-4

-8.858E-4

504.0

-1.007E-4

-2.014E-4

-3.021E-4

-4.028E-4

-5.035E-4

-6.042E-4

-8.056E-4

-0.001007

-7.049E-4

-9.063E-4

508.0

-1.03E-4

-2.06E-4

-3.09E-4

-4.12E-4

-5.15E-4

-6.181E-4

-8.241E-4

-0.00103

-7.211E-4

-9.271E-4

512.0

-1.053E-4

-2.107E-4

-3.16E-4

-4.214E-4

-5.267E-4

-6.321E-4

-8.428E-4

-0.001053

-7.374E-4

-9.481E-4

516.0

-1.077E-4

-2.154E-4

-3.231E-4

-4.308E-4

-5.385E-4

-6.462E-4

-8.616E-4

-0.001077

-7.539E-4

-9.694E-4

520.0

-1.101E-4

-2.202E-4

-3.303E-4

-4.404E-4

-5.505E-4

-6.606E-4

-8.807E-4

-0.001101

-7.707E-4

-9.908E-4

524.0

-1.125E-4

-2.25E-4

-3.375E-4

-4.5E-4

-5.625E-4

-6.75E-4

-9.001E-4

-0.001125

-7.875E-4

-0.001013

528.0

-1.149E-4

-2.299E-4

-3.448E-4

-4.598E-4

-5.747E-4

-6.897E-4

-9.196E-4

-0.001149

-8.046E-4

-0.001035

532.0

-1.174E-4

-2.348E-4

-3.522E-4

-4.696E-4

-5.871E-4

-7.045E-4

-9.393E-4

-0.001174

-8.219E-4

-0.001057

536.0

-1.199E-4

-2.398E-4

-3.597E-4

-4.796E-4

-5.995E-4

-7.194E-4

-9.592E-4

-0.001199

-8.393E-4

-0.001079

540.0

-1.224E-4

-2.448E-4

-3.673E-4

-4.897E-4

-6.121E-4

-7.345E-4

-9.794E-4

-0.001224

-8.57E-4

-0.001102

544.0

-1.25E-4

-2.499E-4

-3.749E-4

-4.999E-4

-6.248E-4

-7.498E-4

-9.997E-4

-0.00125

-8.748E-4

-0.001125

548.0

-1.275E-4

-2.551E-4

-3.826E-4

-5.102E-4

-6.377E-4

-7.652E-4

-0.00102

-0.001275

-8.928E-4

-0.001148

552.0

-1.301E-4

-2.603E-4

-3.904E-4

-5.205E-4

-6.507E-4

-7.808E-4

-0.001041

-0.001301

-9.109E-4

-0.001171

556.0

-1.328E-4

-2.655E-4

-3.983E-4

-5.31E-4

-6.638E-4

-7.965E-4

-0.001062

-0.001328

-9.293E-4

-0.001195

560.0

-1.354E-4

-2.708E-4

-4.062E-4

-5.416E-4

-6.77E-4

-8.124E-4

-0.001083

-0.001354

-9.478E-4

-0.001219

564.0

-1.381E-4

-2.762E-4

-4.142E-4

-5.523E-4

-6.904E-4

-8.285E-4

-0.001105

-0.001381

-9.666E-4

-0.001243

568.0

-1.408E-4

-2.816E-4

-4.223E-4

-5.631E-4

-7.039E-4

-8.447E-4

-0.001126

-0.001408

-9.855E-4

-0.001267

572.0

-1.435E-4

-2.87E-4

-4.305E-4

-5.74E-4

-7.176E-4

-8.611E-4

-0.001148

-0.001435

-0.001005

-0.001292

576.0

-1.463E-4

-2.925E-4

-4.388E-4

-5.851E-4

-7.313E-4

-8.776E-4

-0.00117

-0.001463

-0.001024

-0.001316

580.0

-1.49E-4

-2.981E-4

-4.471E-4

-5.962E-4

-7.452E-4

-8.943E-4

-0.001192

-0.00149

-0.001043

-0.001341

584.0

-1.519E-4

-3.037E-4

-4.556E-4

-6.074E-4

-7.593E-4

-9.111E-4

-0.001215

-0.001519

-0.001063

-0.001367

588.0

-1.547E-4

-3.094E-4

-4.64E-4

-6.187E-4

-7.734E-4

-9.281E-4

-0.001237

-0.001547

-0.001083

-0.001392

592.0

-1.575E-4

-3.151E-4

-4.726E-4

-6.302E-4

-7.877E-4

-9.452E-4

-0.00126

-0.001575

-0.001103

-0.001418

596.0

-1.604E-4

-3.209E-4

-4.813E-4

-6.417E-4

-8.021E-4

-9.626E-4

-0.001283

-0.001604

-0.001123

-0.001444

600.0

-1.633E-4

-3.267E-4

-4.9E-4

-6.533E-4

-8.167E-4

-9.8E-4

-0.001307

-0.001633

-0.001143

-0.00147

604.0

-1.663E-4

-3.325E-4

-4.988E-4

-6.651E-4

-8.314E-4

-9.976E-4

-0.00133

-0.001663

-0.001164

-0.001496

608.0

-1.692E-4

-3.385E-4

-5.077E-4

-6.769E-4

-8.462E-4

-0.001015

-0.001354

-0.001692

-0.001185

-0.001523

612.0

-1.722E-4

-3.445E-4

-5.167E-4

-6.889E-4

-8.611E-4

-0.001033

-0.001378

-0.001722

-0.001206

-0.00155

616.0

-1.752E-4

-3.505E-4

-5.257E-4

-7.01E-4

-8.762E-4

-0.001051

-0.001402

-0.001752

-0.001227

-0.001577

620.0

-1.783E-4

-3.566E-4

-5.349E-4

-7.131E-4

-8.914E-4

-0.00107

-0.001426

-0.001783

-0.001248

-0.001605

624.0

-1.814E-4

-3.627E-4

-5.441E-4

-7.254E-4

-9.068E-4

-0.001088

-0.001451

-0.001814

-0.001269

-0.001632

628.0

-1.844E-4

-3.689E-4

-5.533E-4

-7.378E-4

-9.222E-4

-0.001107

-0.001476

-0.001844

-0.001291

-0.00166

632.0

-1.876E-4

-3.751E-4

-5.627E-4

-7.503E-4

-9.378E-4

-0.001125

-0.001501

-0.001876

-0.001313

-0.001688

636.0

-1.907E-4

-3.814E-4

-5.721E-4

-7.628E-4

-9.536E-4

-0.001144

-0.001526

-0.001907

-0.001335

-0.001716

640.0

-1.939E-4

-3.878E-4

-5.817E-4

-7.755E-4

-9.694E-4

-0.001163

-0.001551

-0.001939

-0.001357

-0.001745

644.0

-1.971E-4

-3.942E-4

-5.912E-4

-7.883E-4

-9.854E-4

-0.001182

-0.001577

-0.001971

-0.00138

-0.001774

648.0

-2.003E-4

-4.006E-4

-6.009E-4

-8.012E-4

-0.001002

-0.001202

-0.001602

-0.002003

-0.001402

-0.001803

652.0

-2.036E-4

-4.071E-4

-6.107E-4

-8.142E-4

-0.001018

-0.001221

-0.001628

-0.002036

-0.001425

-0.001832

656.0

-2.068E-4

-4.137E-4

-6.205E-4

-8.273E-4

-0.001034

-0.001241

-0.001655

-0.002068

-0.001448

-0.001862

660.0

-2.101E-4

-4.203E-4

-6.304E-4

-8.406E-4

-0.001051

-0.001261

-0.001681

-0.002101

-0.001471

-0.001891

664.0

-2.135E-4

-4.269E-4

-6.404E-4

-8.539E-4

-0.001067

-0.001281

-0.001708

-0.002135

-0.001494

-0.001921

668.0

-2.168E-4

-4.336E-4

-6.505E-4

-8.673E-4

-0.001084

-0.001301

-0.001735

-0.002168

-0.001518

-0.001951

672.0

-2.202E-4

-4.404E-4

-6.606E-4

-8.808E-4

-0.001101

-0.001321

-0.001762

-0.002202

-0.001541

-0.001982

676.0

-2.236E-4

-4.472E-4

-6.708E-4

-8.945E-4

-0.001118

-0.001342

-0.001789

-0.002236

-0.001565

-0.002013

680.0

-2.27E-4

-4.541E-4

-6.811E-4

-9.082E-4

-0.001135

-0.001362

-0.001816

-0.00227

-0.001589

-0.002043

684.0

-2.305E-4

-4.61E-4

-6.915E-4

-9.22E-4

-0.001153

-0.001383

-0.001844

-0.002305

-0.001614

-0.002075

688.0

-2.34E-4

-4.68E-4

-7.02E-4

-9.36E-4

-0.00117

-0.001404

-0.001872

-0.00234

-0.001638

-0.002106

692.0

-2.375E-4

-4.75E-4

-7.125E-4

-9.5E-4

-0.001188

-0.001425

-0.0019

-0.002375

-0.001663

-0.002138

696.0

-2.41E-4

-4.821E-4

-7.231E-4

-9.642E-4

-0.001205

-0.001446

-0.001928

-0.00241

-0.001687

-0.002169

700.0

-2.446E-4

-4.892E-4

-7.338E-4

-9.785E-4

-0.001223

-0.001468

-0.001957

-0.002446

-0.001712

-0.002202

704.0

-2.482E-4

-4.964E-4

-7.446E-4

-9.928E-4

-0.001241

-0.001489

-0.001986

-0.002482

-0.001737

-0.002234

708.0

-2.518E-4

-5.036E-4

-7.555E-4

-0.001007

-0.001259

-0.001511

-0.002015

-0.002518

-0.001763

-0.002266

712.0

-2.555E-4

-5.109E-4

-7.664E-4

-0.001022

-0.001277

-0.001533

-0.002044

-0.002555

-0.001788

-0.002299

716.0

-2.591E-4

-5.183E-4

-7.774E-4

-0.001037

-0.001296

-0.001555

-0.002073

-0.002591

-0.001814

-0.002332

720.0

-2.628E-4

-5.257E-4

-7.885E-4

-0.001051

-0.001314

-0.001577

-0.002103

-0.002628

-0.00184

-0.002365

724.0

-2.666E-4

-5.331E-4

-7.997E-4

-0.001066

-0.001333

-0.001599

-0.002132

-0.002666

-0.001866

-0.002399

728.0

-2.703E-4

-5.406E-4

-8.109E-4

-0.001081

-0.001352

-0.001622

-0.002162

-0.002703

-0.001892

-0.002433

732.0

-2.741E-4

-5.482E-4

-8.222E-4

-0.001096

-0.00137

-0.001644

-0.002193

-0.002741

-0.001919

-0.002467

736.0

-2.779E-4

-5.558E-4

-8.336E-4

-0.001112

-0.001389

-0.001667

-0.002223

-0.002779

-0.001945

-0.002501

740.0

-2.817E-4

-5.634E-4

-8.451E-4

-0.001127

-0.001409

-0.00169

-0.002254

-0.002817

-0.001972

-0.002535

744.0

-2.856E-4

-5.711E-4

-8.567E-4

-0.001142

-0.001428

-0.001713

-0.002284

-0.002856

-0.001999

-0.00257

748.0

-2.894E-4

-5.789E-4

-8.683E-4

-0.001158

-0.001447

-0.001737

-0.002315

-0.002894

-0.002026

-0.002605

752.0

-2.933E-4

-5.867E-4

-8.8E-4

-0.001173

-0.001467

-0.00176

-0.002347

-0.002933

-0.002053

-0.00264

756.0

-2.973E-4

-5.945E-4

-8.918E-4

-0.001189

-0.001486

-0.001784

-0.002378

-0.002973

-0.002081

-0.002675

760.0

-3.012E-4

-6.025E-4

-9.037E-4

-0.001205

-0.001506

-0.001807

-0.00241

-0.003012

-0.002109

-0.002711

764.0

-3.052E-4

-6.104E-4

-9.156E-4

-0.001221

-0.001526

-0.001831

-0.002442

-0.003052

-0.002136

-0.002747

768.0

-3.092E-4

-6.184E-4

-9.277E-4

-0.001237

-0.001546

-0.001855

-0.002474

-0.003092

-0.002165

-0.002783

772.0

-3.133E-4

-6.265E-4

-9.398E-4

-0.001253

-0.001566

-0.00188

-0.002506

-0.003133

-0.002193

-0.002819

776.0

-3.173E-4

-6.346E-4

-9.52E-4

-0.001269

-0.001587

-0.001904

-0.002539

-0.003173

-0.002221

-0.002856

780.0

-3.214E-4

-6.428E-4

-9.642E-4

-0.001286

-0.001607

-0.001928

-0.002571

-0.003214

-0.00225

-0.002893

784.0

-3.255E-4

-6.51E-4

-9.766E-4

-0.001302

-0.001628

-0.001953

-0.002604

-0.003255

-0.002279

-0.00293

788.0

-3.297E-4

-6.593E-4

-9.89E-4

-0.001319

-0.001648

-0.001978

-0.002637

-0.003297

-0.002308

-0.002967

792.0

-3.338E-4

-6.677E-4

-0.001001

-0.001335

-0.001669

-0.002003

-0.002671

-0.003338

-0.002337

-0.003004

796.0

-3.38E-4

-6.76E-4

-0.001014

-0.001352

-0.00169

-0.002028

-0.002704

-0.00338

-0.002366

-0.003042

800.0

-3.422E-4

-6.845E-4

-0.001027

-0.001369

-0.001711

-0.002053

-0.002738

-0.003422

-0.002396

-0.00308

804.0

-3.465E-4

-6.93E-4

-0.001039

-0.001386

-0.001732

-0.002079

-0.002772

-0.003465

-0.002425

-0.003118

808.0

-3.508E-4

-7.015E-4

-0.001052

-0.001403

-0.001754

-0.002105

-0.002806

-0.003508

-0.002455

-0.003157

812.0

-3.551E-4

-7.101E-4

-0.001065

-0.00142

-0.001775

-0.00213

-0.00284

-0.003551

-0.002485

-0.003196

816.0

-3.594E-4

-7.188E-4

-0.001078

-0.001438

-0.001797

-0.002156

-0.002875

-0.003594

-0.002516

-0.003234

820.0

-3.637E-4

-7.275E-4

-0.001091

-0.001455

-0.001819

-0.002182

-0.00291

-0.003637

-0.002546

-0.003274

824.0

-3.681E-4

-7.362E-4

-0.001104

-0.001472

-0.001841

-0.002209

-0.002945

-0.003681

-0.002577

-0.003313

828.0

-3.725E-4

-7.45E-4

-0.001118

-0.00149

-0.001863

-0.002235

-0.00298

-0.003725

-0.002608

-0.003353

832.0

-3.769E-4

-7.539E-4

-0.001131

-0.001508

-0.001885

-0.002262

-0.003016

-0.003769

-0.002639

-0.003392

836.0

-3.814E-4

-7.628E-4

-0.001144

-0.001526

-0.001907

-0.002288

-0.003051

-0.003814

-0.00267

-0.003433

840.0

-3.859E-4

-7.718E-4

-0.001158

-0.001544

-0.001929

-0.002315

-0.003087

-0.003859

-0.002701

-0.003473

844.0

-3.904E-4

-7.808E-4

-0.001171

-0.001562

-0.001952

-0.002342

-0.003123

-0.003904

-0.002733

-0.003513

848.0

-3.949E-4

-7.898E-4

-0.001185

-0.00158

-0.001975

-0.00237

-0.003159

-0.003949

-0.002764

-0.003554

852.0

-3.995E-4

-7.99E-4

-0.001198

-0.001598

-0.001997

-0.002397

-0.003196

-0.003995

-0.002796

-0.003595

856.0

-4.041E-4

-8.081E-4

-0.001212

-0.001616

-0.00202

-0.002424

-0.003232

-0.004041

-0.002828

-0.003637

860.0

-4.087E-4

-8.173E-4

-0.001226

-0.001635

-0.002043

-0.002452

-0.003269

-0.004087

-0.002861

-0.003678

864.0

-4.133E-4

-8.266E-4

-0.00124

-0.001653

-0.002067

-0.00248

-0.003306

-0.004133

-0.002893

-0.00372

868.0

-4.18E-4

-8.36E-4

-0.001254

-0.001672

-0.00209

-0.002508

-0.003344

-0.00418

-0.002926

-0.003762

872.0

-4.227E-4

-8.453E-4

-0.001268

-0.001691

-0.002113

-0.002536

-0.003381

-0.004227

-0.002959

-0.003804

876.0

-4.274E-4

-8.548E-4

-0.001282

-0.00171

-0.002137

-0.002564

-0.003419

-0.004274

-0.002992

-0.003846

880.0

-4.321E-4

-8.643E-4

-0.001296

-0.001729

-0.002161

-0.002593

-0.003457

-0.004321

-0.003025

-0.003889

884.0

-4.369E-4

-8.738E-4

-0.001311

-0.001748

-0.002184

-0.002621

-0.003495

-0.004369

-0.003058

-0.003932

888.0

-4.417E-4

-8.834E-4

-0.001325

-0.001767

-0.002208

-0.00265

-0.003534

-0.004417

-0.003092

-0.003975

892.0

-4.465E-4

-8.93E-4

-0.00134

-0.001786

-0.002233

-0.002679

-0.003572

-0.004465

-0.003126

-0.004019

896.0

-4.514E-4

-9.027E-4

-0.001354

-0.001805

-0.002257

-0.002708

-0.003611

-0.004514

-0.00316

-0.004062

900.0

-4.562E-4

-9.125E-4

-0.001369

-0.001825

-0.002281

-0.002737

-0.00365

-0.004562

-0.003194

-0.004106

904.0

-4.611E-4

-9.223E-4

-0.001383

-0.001845

-0.002306

-0.002767

-0.003689

-0.004611

-0.003228

-0.00415

908.0

-4.661E-4

-9.321E-4

-0.001398

-0.001864

-0.00233

-0.002796

-0.003728

-0.004661

-0.003262

-0.004195

912.0

-4.71E-4

-9.42E-4

-0.001413

-0.001884

-0.002355

-0.002826

-0.003768

-0.00471

-0.003297

-0.004239

916.0

-4.76E-4

-9.52E-4

-0.001428

-0.001904

-0.00238

-0.002856

-0.003808

-0.00476

-0.003332

-0.004284

920.0

-4.81E-4

-9.62E-4

-0.001443

-0.001924

-0.002405

-0.002886

-0.003848

-0.00481

-0.003367

-0.004329

924.0

-4.86E-4

-9.72E-4

-0.001458

-0.001944

-0.00243

-0.002916

-0.003888

-0.00486

-0.003402

-0.004374

928.0

-4.911E-4

-9.822E-4

-0.001473

-0.001964

-0.002455

-0.002946

-0.003929

-0.004911

-0.003438

-0.00442

932.0

-4.962E-4

-9.923E-4

-0.001488

-0.001985

-0.002481

-0.002977

-0.003969

-0.004962

-0.003473

-0.004465

936.0

-5.013E-4

-0.001003

-0.001504

-0.002005

-0.002506

-0.003008

-0.00401

-0.005013

-0.003509

-0.004511

940.0

-5.064E-4

-0.001013

-0.001519

-0.002026

-0.002532

-0.003038

-0.004051

-0.005064

-0.003545

-0.004558

944.0

-5.116E-4

-0.001023

-0.001535

-0.002046

-0.002558

-0.003069

-0.004093

-0.005116

-0.003581

-0.004604

948.0

-5.168E-4

-0.001034

-0.00155

-0.002067

-0.002584

-0.003101

-0.004134

-0.005168

-0.003617

-0.004651

952.0

-5.22E-4

-0.001044

-0.001566

-0.002088

-0.00261

-0.003132

-0.004176

-0.00522

-0.003654

-0.004698

956.0

-5.272E-4

-0.001054

-0.001582

-0.002109

-0.002636

-0.003163

-0.004218

-0.005272

-0.00369

-0.004745

960.0

-5.325E-4

-0.001065

-0.001597

-0.00213

-0.002662

-0.003195

-0.00426

-0.005325

-0.003727

-0.004792

964.0

-5.378E-4

-0.001076

-0.001613

-0.002151

-0.002689

-0.003227

-0.004302

-0.005378

-0.003764

-0.00484

968.0

-5.431E-4

-0.001086

-0.001629

-0.002172

-0.002715

-0.003259

-0.004345

-0.005431

-0.003802

-0.004888

972.0

-5.484E-4

-0.001097

-0.001645

-0.002194

-0.002742

-0.003291

-0.004387

-0.005484

-0.003839

-0.004936

976.0

-5.538E-4

-0.001108

-0.001661

-0.002215

-0.002769

-0.003323

-0.00443

-0.005538

-0.003877

-0.004984

980.0

-5.592E-4

-0.001118

-0.001678

-0.002237

-0.002796

-0.003355

-0.004474

-0.005592

-0.003914

-0.005033

984.0

-5.646E-4

-0.001129

-0.001694

-0.002258

-0.002823

-0.003388

-0.004517

-0.005646

-0.003952

-0.005082

988.0

-5.701E-4

-0.00114

-0.00171

-0.00228

-0.00285

-0.00342

-0.004561

-0.005701

-0.00399

-0.005131

992.0

-5.755E-4

-0.001151

-0.001727

-0.002302

-0.002878

-0.003453

-0.004604

-0.005755

-0.004029

-0.00518

996.0

-5.81E-4

-0.001162

-0.001743

-0.002324

-0.002905

-0.003486

-0.004648

-0.00581

-0.004067

-0.005229

1000.0

-5.866E-4

-0.001173

-0.00176

-0.002346

-0.002933

-0.003519

-0.004693

-0.005866

-0.004106

-0.005279

1004.0

-5.921E-4

-0.001184

-0.001776

-0.002369

-0.002961

-0.003553

-0.004737

-0.005921

-0.004145

-0.005329

1008.0

-5.977E-4

-0.001195

-0.001793

-0.002391

-0.002989

-0.003586

-0.004782

-0.005977

-0.004184

-0.005379

1012.0

-6.033E-4

-0.001207

-0.00181

-0.002413

-0.003017

-0.00362

-0.004827

-0.006033

-0.004223

-0.00543

1016.0

-6.089E-4

-0.001218

-0.001827

-0.002436

-0.003045

-0.003654

-0.004872

-0.006089

-0.004263

-0.005481

1020.0

-6.146E-4

-0.001229

-0.001844

-0.002458

-0.003073

-0.003688

-0.004917

-0.006146

-0.004302

-0.005531

1024.0

-6.203E-4

-0.001241

-0.001861

-0.002481

-0.003101

-0.003722

-0.004962

-0.006203

-0.004342

-0.005583

1028.0

-6.26E-4

-0.001252

-0.001878

-0.002504

-0.00313

-0.003756

-0.005008

-0.00626

-0.004382

-0.005634

1032.0

-6.317E-4

-0.001263

-0.001895

-0.002527

-0.003159

-0.00379

-0.005054

-0.006317

-0.004422

-0.005686

1036.0

-6.375E-4

-0.001275

-0.001913

-0.00255

-0.003188

-0.003825

-0.0051

-0.006375

-0.004463

-0.005738

1040.0

-6.433E-4

-0.001287

-0.00193

-0.002573

-0.003216

-0.00386

-0.005146

-0.006433

-0.004503

-0.00579

1044.0

-6.491E-4

-0.001298

-0.001947

-0.002596

-0.003246

-0.003895

-0.005193

-0.006491

-0.004544

-0.005842

1048.0

-6.549E-4

-0.00131

-0.001965

-0.00262

-0.003275

-0.00393

-0.00524

-0.006549

-0.004585

-0.005895

1052.0

-6.608E-4

-0.001322

-0.001982

-0.002643

-0.003304

-0.003965

-0.005287

-0.006608

-0.004626

-0.005947

1056.0

-6.667E-4

-0.001333

-0.002

-0.002667

-0.003334

-0.004

-0.005334

-0.006667

-0.004667

-0.006

1060.0

-6.726E-4

-0.001345

-0.002018

-0.002691

-0.003363

-0.004036

-0.005381

-0.006726

-0.004708

-0.006054

1064.0

-6.786E-4

-0.001357

-0.002036

-0.002714

-0.003393

-0.004071

-0.005429

-0.006786

-0.00475

-0.006107

1068.0

-6.845E-4

-0.001369

-0.002054

-0.002738

-0.003423

-0.004107

-0.005476

-0.006845

-0.004792

-0.006161

1072.0

-6.905E-4

-0.001381

-0.002072

-0.002762

-0.003453

-0.004143

-0.005524

-0.006905

-0.004834

-0.006215

1076.0

-6.966E-4

-0.001393

-0.00209

-0.002786

-0.003483

-0.004179

-0.005572

-0.006966

-0.004876

-0.006269

1080.0

-7.026E-4

-0.001405

-0.002108

-0.00281

-0.003513

-0.004215

-0.005621

-0.007026

-0.004918

-0.006323

1084.0

-7.086E-4

-0.001417

-0.002126

-0.002834

-0.003543

-0.004251

-0.005669

-0.007086

-0.00496

-0.006377

1088.0

-7.146E-4

-0.001429

-0.002144

-0.002858

-0.003573

-0.004288

-0.005717

-0.007146

-0.005002

-0.006431

1092.0

-7.206E-4

-0.001441

-0.002162

-0.002882

-0.003603

-0.004324

-0.005765

-0.007206

-0.005044

-0.006485

1096.0

-7.266E-4

-0.001453

-0.00218

-0.002906

-0.003633

-0.00436

-0.005813

-0.007266

-0.005086

-0.006539

1100.0

-7.326E-4

-0.001465

-0.002198

-0.00293

-0.003663

-0.004396

-0.005861

-0.007326

-0.005128

-0.006594

1104.0

-7.386E-4

-0.001477

-0.002216

-0.002955

-0.003693

-0.004432

-0.005909

-0.007386

-0.00517

-0.006648

1108.0

-7.446E-4

-0.001489

-0.002234

-0.002979

-0.003723

-0.004468

-0.005957

-0.007446

-0.005212

-0.006702

1112.0

-7.506E-4

-0.001501

-0.002252

-0.003003

-0.003753

-0.004504

-0.006005

-0.007506

-0.005255

-0.006756

1116.0

-7.567E-4

-0.001513

-0.00227

-0.003027

-0.003783

-0.00454

-0.006053

-0.007567

-0.005297

-0.00681

1120.0

-7.627E-4

-0.001525

-0.002288

-0.003051

-0.003813

-0.004576

-0.006101

-0.007627

-0.005339

-0.006864

1124.0

-7.687E-4

-0.001537

-0.002306

-0.003075

-0.003843

-0.004612

-0.006149

-0.007687

-0.005381

-0.006918

1128.0

-7.747E-4

-0.001549

-0.002324

-0.003099

-0.003873

-0.004648

-0.006197

-0.007747

-0.005423

-0.006972

1132.0

-7.807E-4

-0.001561

-0.002342

-0.003123

-0.003903

-0.004684

-0.006246

-0.007807

-0.005465

-0.007026

1136.0

-7.867E-4

-0.001573

-0.00236

-0.003147

-0.003934

-0.00472

-0.006294

-0.007867

-0.005507

-0.00708

1140.0

-7.927E-4

-0.001585

-0.002378

-0.003171

-0.003964

-0.004756

-0.006342

-0.007927

-0.005549

-0.007134

1144.0

-7.988E-4

-0.001598

-0.002396

-0.003195

-0.003994

-0.004793

-0.00639

-0.007988

-0.005591

-0.007189

1148.0

-8.05E-4

-0.00161

-0.002415

-0.00322

-0.004025

-0.00483

-0.00644

-0.00805

-0.005635

-0.007245

1152.0

-8.113E-4

-0.001623

-0.002434

-0.003245

-0.004056

-0.004868

-0.00649

-0.008113

-0.005679

-0.007302

1156.0

-8.178E-4

-0.001636

-0.002453

-0.003271

-0.004089

-0.004907

-0.006542

-0.008178

-0.005724

-0.00736

1160.0

-8.244E-4

-0.001649

-0.002473

-0.003298

-0.004122

-0.004946

-0.006595

-0.008244

-0.005771

-0.00742

1164.0

-8.312E-4

-0.001662

-0.002494

-0.003325

-0.004156

-0.004987

-0.006649

-0.008312

-0.005818

-0.007481

1168.0

-8.381E-4

-0.001676

-0.002514

-0.003352

-0.004191

-0.005029

-0.006705

-0.008381

-0.005867

-0.007543

1172.0

-8.452E-4

-0.00169

-0.002536

-0.003381

-0.004226

-0.005071

-0.006761

-0.008452

-0.005916

-0.007607

1176.0

-8.524E-4

-0.001705

-0.002557

-0.00341

-0.004262

-0.005114

-0.006819

-0.008524

-0.005967

-0.007672

1180.0

-8.598E-4

-0.00172

-0.002579

-0.003439

-0.004299

-0.005159

-0.006878

-0.008598

-0.006019

-0.007738

1184.0

-8.673E-4

-0.001735

-0.002602

-0.003469

-0.004337

-0.005204

-0.006939

-0.008673

-0.006071

-0.007806

1188.0

-8.75E-4

-0.00175

-0.002625

-0.0035

-0.004375

-0.00525

-0.007

-0.00875

-0.006125

-0.007875

1192.0

-8.829E-4

-0.001766

-0.002649

-0.003532

-0.004414

-0.005297

-0.007063

-0.008829

-0.00618

-0.007946

1196.0

-8.909E-4

-0.001782

-0.002673

-0.003564

-0.004455

-0.005345

-0.007127

-0.008909

-0.006236

-0.008018

1200.0

-8.991E-4

-0.001798

-0.002697

-0.003596

-0.004495

-0.005394

-0.007193

-0.008991

-0.006294

-0.008092

1204.0

-9.074E-4

-0.001815

-0.002722

-0.00363

-0.004537

-0.005444

-0.007259

-0.009074

-0.006352

-0.008167

1208.0

-9.159E-4

-0.001832

-0.002748

-0.003664

-0.00458

-0.005495

-0.007327

-0.009159

-0.006411

-0.008243

1212.0

-9.246E-4

-0.001849

-0.002774

-0.003698

-0.004623

-0.005547

-0.007397

-0.009246

-0.006472

-0.008321

1216.0

-9.334E-4

-0.001867

-0.0028

-0.003734

-0.004667

-0.0056

-0.007467

-0.009334

-0.006534

-0.008401

1220.0

-9.424E-4

-0.001885

-0.002827

-0.00377

-0.004712

-0.005654

-0.007539

-0.009424

-0.006597

-0.008482

1224.0

-9.515E-4

-0.001903

-0.002855

-0.003806

-0.004758

-0.005709

-0.007612

-0.009515

-0.006661

-0.008564

1228.0

-9.606E-4

-0.001921

-0.002882

-0.003842

-0.004803

-0.005764

-0.007685

-0.009606

-0.006724

-0.008645

1232.0

-9.697E-4

-0.001939

-0.002909

-0.003879

-0.004849

-0.005818

-0.007758

-0.009697

-0.006788

-0.008727

1236.0

-9.788E-4

-0.001958

-0.002936

-0.003915

-0.004894

-0.005873

-0.00783

-0.009788

-0.006852

-0.008809

1240.0

-9.879E-4

-0.001976

-0.002964

-0.003952

-0.004939

-0.005927

-0.007903

-0.009879

-0.006915

-0.008891

1244.0

-9.97E-4

-0.001994

-0.002991

-0.003988

-0.004985

-0.005982

-0.007976

-0.00997

-0.006979

-0.008973

1248.0

-0.001006

-0.002012

-0.003018

-0.004024

-0.00503

-0.006037

-0.008049

-0.01006

-0.007043

-0.009055

1252.0

-0.001015

-0.00203

-0.003046

-0.004061

-0.005076

-0.006091

-0.008121

-0.01015

-0.007106

-0.009137

1256.0

-0.001024

-0.002049

-0.003073

-0.004097

-0.005121

-0.006146

-0.008194

-0.01024

-0.00717

-0.009219

1260.0

-0.001033

-0.002067

-0.0031

-0.004134

-0.005167

-0.0062

-0.008267

-0.01033

-0.007234

-0.0093

1264.0

-0.001042

-0.002085

-0.003127

-0.00417

-0.005212

-0.006255

-0.00834

-0.01042

-0.007297

-0.009382

1268.0

-0.001052

-0.002103

-0.003155

-0.004206

-0.005258

-0.006309

-0.008413

-0.01052

-0.007361

-0.009464

1272.0

-0.001061

-0.002121

-0.003182

-0.004243

-0.005303

-0.006364

-0.008485

-0.01061

-0.007425

-0.009546

1276.0

-0.00107

-0.00214

-0.003209

-0.004279

-0.005349

-0.006419

-0.008558

-0.0107

-0.007488

-0.009628

1280.0

-0.001079

-0.002158

-0.003237

-0.004315

-0.005394

-0.006473

-0.008631

-0.01079

-0.007552

-0.00971

1284.0

-0.001088

-0.002176

-0.003264

-0.004352

-0.00544

-0.006528

-0.008704

-0.01088

-0.007616

-0.009792

1288.0

-0.001097

-0.002194

-0.003291

-0.004388

-0.005485

-0.006582

-0.008776

-0.01097

-0.007679

-0.009874

1292.0

-0.001106

-0.002212

-0.003318

-0.004425

-0.005531

-0.006637

-0.008849

-0.01106

-0.007743

-0.009955

1296.0

-0.001115

-0.002231

-0.003346

-0.004461

-0.005576

-0.006692

-0.008922

-0.01115

-0.007807

-0.01004

1300.0

-0.001124

-0.002249

-0.003373

-0.004498

-0.005622

-0.006747

-0.008996

-0.01124

-0.007871

-0.01012

1304.0

-0.001134

-0.002267

-0.003401

-0.004534

-0.005668

-0.006802

-0.009069

-0.01134

-0.007935

-0.0102

1308.0

-0.001143

-0.002286

-0.003428

-0.004571

-0.005714

-0.006857

-0.009143

-0.01143

-0.008

-0.01029

1312.0

-0.001152

-0.002304

-0.003456

-0.004608

-0.00576

-0.006912

-0.009216

-0.01152

-0.008064

-0.01037

1316.0

-0.001161

-0.002323

-0.003484

-0.004645

-0.005807

-0.006968

-0.009291

-0.01161

-0.008129

-0.01045

1320.0

-0.001171

-0.002341

-0.003512

-0.004682

-0.005853

-0.007024

-0.009365

-0.01171

-0.008194

-0.01054

1324.0

-0.00118

-0.00236

-0.00354

-0.00472

-0.0059

-0.007079

-0.009439

-0.0118

-0.008259

-0.01062

1328.0

-0.001189

-0.002378

-0.003568

-0.004757

-0.005946

-0.007135

-0.009514

-0.01189

-0.008325

-0.0107

1332.0

-0.001199

-0.002397

-0.003596

-0.004794

-0.005993

-0.007192

-0.009589

-0.01199

-0.00839

-0.01079

1336.0

-0.001208

-0.002416

-0.003624

-0.004832

-0.00604

-0.007248

-0.009664

-0.01208

-0.008456

-0.01087

1340.0

-0.001217

-0.002435

-0.003652

-0.00487

-0.006087

-0.007304

-0.009739

-0.01217

-0.008522

-0.01096

1344.0

-0.001227

-0.002454

-0.003681

-0.004907

-0.006134

-0.007361

-0.009815

-0.01227

-0.008588

-0.01104

1348.0

-0.001236

-0.002473

-0.003709

-0.004945

-0.006182

-0.007418

-0.009891

-0.01236

-0.008654

-0.01113

1352.0

-0.001246

-0.002492

-0.003737

-0.004983

-0.006229

-0.007475

-0.009966

-0.01246

-0.008721

-0.01121

1356.0

-0.001255

-0.002511

-0.003766

-0.005021

-0.006277

-0.007532

-0.01004

-0.01255

-0.008787

-0.0113

1360.0

-0.001265

-0.00253

-0.003795

-0.005059

-0.006324

-0.007589

-0.01012

-0.01265

-0.008854

-0.01138

1364.0

-0.001274

-0.002549

-0.003823

-0.005098

-0.006372

-0.007647

-0.0102

-0.01274

-0.008921

-0.01147

1368.0

-0.001284

-0.002568

-0.003852

-0.005136

-0.00642

-0.007704

-0.01027

-0.01284

-0.008988

-0.01156

1372.0

-0.001294

-0.002587

-0.003881

-0.005175

-0.006468

-0.007762

-0.01035

-0.01294

-0.009056

-0.01164

1376.0

-0.001303

-0.002607

-0.00391

-0.005213

-0.006517

-0.00782

-0.01043

-0.01303

-0.009123

-0.01173

1380.0

-0.001313

-0.002626

-0.003939

-0.005252

-0.006565

-0.007878

-0.0105

-0.01313

-0.009191

-0.01182

1384.0

-0.001323

-0.002645

-0.003968

-0.005291

-0.006613

-0.007936

-0.01058

-0.01323

-0.009259

-0.0119

1388.0

-0.001332

-0.002665

-0.003997

-0.00533

-0.006662

-0.007995

-0.01066

-0.01332

-0.009327

-0.01199

1392.0

-0.001342

-0.002684

-0.004027

-0.005369

-0.006711

-0.008053

-0.01074

-0.01342

-0.009395

-0.01208

1396.0

-0.001352

-0.002704

-0.004056

-0.005408

-0.00676

-0.008112

-0.01082

-0.01352

-0.009464

-0.01217

1400.0

-0.001362

-0.002724

-0.004085

-0.005447

-0.006809

-0.008171

-0.01089

-0.01362

-0.009532

-0.01226

1404.0

-0.001372

-0.002743

-0.004115

-0.005486

-0.006858

-0.00823

-0.01097

-0.01372

-0.009601

-0.01234

1408.0

-0.001381

-0.002763

-0.004144

-0.005526

-0.006907

-0.008289

-0.01105

-0.01381

-0.00967

-0.01243

1412.0

-0.001391

-0.002783

-0.004174

-0.005565

-0.006957

-0.008348

-0.01113

-0.01391

-0.009739

-0.01252

1416.0

-0.001401

-0.002803

-0.004204

-0.005605

-0.007006

-0.008408

-0.01121

-0.01401

-0.009809

-0.01261

1420.0

-0.001411

-0.002822

-0.004234

-0.005645

-0.007056

-0.008467

-0.01129

-0.01411

-0.009878

-0.0127

1424.0

-0.001421

-0.002842

-0.004263

-0.005685

-0.007106

-0.008527

-0.01137

-0.01421

-0.009948

-0.01279

1428.0

-0.001431

-0.002862

-0.004293

-0.005725

-0.007156

-0.008587

-0.01145

-0.01431

-0.01002

-0.01288

1432.0

-0.001441

-0.002882

-0.004323

-0.005765

-0.007206

-0.008647

-0.01153

-0.01441

-0.01009

-0.01297

1436.0

-0.001451

-0.002902

-0.004354

-0.005805

-0.007256

-0.008707

-0.01161

-0.01451

-0.01016

-0.01306

1440.0

-0.001461

-0.002923

-0.004384

-0.005845

-0.007306

-0.008768

-0.01169

-0.01461

-0.01023

-0.01315

1444.0

-0.001471

-0.002943

-0.004414

-0.005885

-0.007357

-0.008828

-0.01177

-0.01471

-0.0103

-0.01324

1448.0

-0.001481

-0.002963

-0.004444

-0.005926

-0.007407

-0.008889

-0.01185

-0.01481

-0.01037

-0.01333

1452.0

-0.001492

-0.002983

-0.004475

-0.005967

-0.007458

-0.00895

-0.01193

-0.01492

-0.01044

-0.01342

1456.0

-0.001502

-0.003004

-0.004505

-0.006007

-0.007509

-0.009011

-0.01201

-0.01502

-0.01051

-0.01352

1460.0

-0.001512

-0.003024

-0.004536

-0.006048

-0.00756

-0.009072

-0.0121

-0.01512

-0.01058

-0.01361

1464.0

-0.001522

-0.003044

-0.004567

-0.006089

-0.007611

-0.009133

-0.01218

-0.01522

-0.01066

-0.0137

1468.0

-0.001532

-0.003065

-0.004597

-0.00613

-0.007662

-0.009195

-0.01226

-0.01532

-0.01073

-0.01379

1472.0

-0.001543

-0.003086

-0.004628

-0.006171

-0.007714

-0.009257

-0.01234

-0.01543

-0.0108

-0.01388

1476.0

-0.001553

-0.003106

-0.004659

-0.006212

-0.007765

-0.009318

-0.01242

-0.01553

-0.01087

-0.01398

1480.0

-0.001563

-0.003127

-0.00469

-0.006254

-0.007817

-0.00938

-0.01251

-0.01563

-0.01094

-0.01407

1484.0

-0.001574

-0.003147

-0.004721

-0.006295

-0.007869

-0.009442

-0.01259

-0.01574

-0.01102

-0.01416

1488.0

-0.001584

-0.003168

-0.004752

-0.006337

-0.007921

-0.009505

-0.01267

-0.01584

-0.01109

-0.01426

1492.0

-0.001595

-0.003189

-0.004784

-0.006378

-0.007973

-0.009567

-0.01276

-0.01595

-0.01116

-0.01435

1496.0

-0.001605

-0.00321

-0.004815

-0.00642

-0.008025

-0.00963

-0.01284

-0.01605

-0.01123

-0.01444

1500.0

-0.001615

-0.003231

-0.004846

-0.006462

-0.008077

-0.009693

-0.01292

-0.01615

-0.01131

-0.01454

1504.0

-0.001626

-0.003252

-0.004878

-0.006504

-0.00813

-0.009756

-0.01301

-0.01626

-0.01138

-0.01463

1508.0

-0.001636

-0.003273

-0.004909

-0.006546

-0.008182

-0.009819

-0.01309

-0.01636

-0.01146

-0.01473

1512.0

-0.001647

-0.003294

-0.004941

-0.006588

-0.008235

-0.009882

-0.01318

-0.01647

-0.01153

-0.01482

1516.0

-0.001658

-0.003315

-0.004973

-0.00663

-0.008288

-0.009945

-0.01326

-0.01658

-0.0116

-0.01492

1520.0

-0.001668

-0.003336

-0.005004

-0.006673

-0.008341

-0.01001

-0.01335

-0.01668

-0.01168

-0.01501

1524.0

-0.001679

-0.003358

-0.005036

-0.006715

-0.008394

-0.01007

-0.01343

-0.01679

-0.01175

-0.01511

1528.0

-0.001689

-0.003379

-0.005068

-0.006758

-0.008447

-0.01014

-0.01352

-0.01689

-0.01183

-0.0152

1532.0

-0.0017

-0.0034

-0.0051

-0.0068

-0.0085

-0.0102

-0.0136

-0.017

-0.0119

-0.0153

1536.0

-0.001711

-0.003422

-0.005132

-0.006843

-0.008554

-0.01026

-0.01369

-0.01711

-0.01198

-0.0154

1540.0

-0.001721

-0.003443

-0.005164

-0.006886

-0.008607

-0.01033

-0.01377

-0.01721

-0.01205

-0.01549

1544.0

-0.001732

-0.003464

-0.005197

-0.006929

-0.008661

-0.01039

-0.01386

-0.01732

-0.01213

-0.01559

1548.0

-0.001743

-0.003486

-0.005229

-0.006972

-0.008715

-0.01046

-0.01394

-0.01743

-0.0122

-0.01569

1552.0

-0.001754

-0.003508

-0.005261

-0.007015

-0.008769

-0.01052

-0.01403

-0.01754

-0.01228

-0.01578

1556.0

-0.001765

-0.003529

-0.005294

-0.007059

-0.008823

-0.01059

-0.01412

-0.01765

-0.01235

-0.01588

1560.0

-0.001775

-0.003551

-0.005326

-0.007102

-0.008877

-0.01065

-0.0142

-0.01775

-0.01243

-0.01598

1564.0

-0.001786

-0.003573

-0.005359

-0.007145

-0.008932

-0.01072

-0.01429

-0.01786

-0.0125

-0.01608

1568.0

-0.001797

-0.003595

-0.005392

-0.007189

-0.008986

-0.01078

-0.01438

-0.01797

-0.01258

-0.01618

1572.0

-0.001808

-0.003616

-0.005425

-0.007233

-0.009041

-0.01085

-0.01447

-0.01808

-0.01266

-0.01627

1576.0

-0.001819

-0.003638

-0.005457

-0.007277

-0.009096

-0.01091

-0.01455

-0.01819

-0.01273

-0.01637

1580.0

-0.00183

-0.00366

-0.00549

-0.007321

-0.009151

-0.01098

-0.01464

-0.0183

-0.01281

-0.01647

1584.0

-0.001841

-0.003682

-0.005523

-0.007365

-0.009206

-0.01105

-0.01473

-0.01841

-0.01289

-0.01657

1588.0

-0.001852

-0.003704

-0.005557

-0.007409

-0.009261

-0.01111

-0.01482

-0.01852

-0.01297

-0.01667

1592.0

-0.001863

-0.003727

-0.00559

-0.007453

-0.009316

-0.01118

-0.01491

-0.01863

-0.01304

-0.01677

1596.0

-0.001874

-0.003749

-0.005623

-0.007497

-0.009372

-0.01125

-0.01499

-0.01874

-0.01312

-0.01687

1600.0

-0.001885

-0.003771

-0.005656

-0.007542

-0.009427

-0.01131

-0.01508

-0.01885

-0.0132

-0.01697

1604.0

-0.001897

-0.003793

-0.00569

-0.007586

-0.009483

-0.01138

-0.01517

-0.01897

-0.01328

-0.01707

1608.0

-0.001908

-0.003816

-0.005723

-0.007631

-0.009539

-0.01145

-0.01526

-0.01908

-0.01335

-0.01717

1612.0

-0.001919

-0.003838

-0.005757

-0.007676

-0.009595

-0.01151

-0.01535

-0.01919

-0.01343

-0.01727

1616.0

-0.00193

-0.00386

-0.005791

-0.007721

-0.009651

-0.01158

-0.01544

-0.0193

-0.01351

-0.01737

1620.0

-0.001941

-0.003883

-0.005824

-0.007766

-0.009707

-0.01165

-0.01553

-0.01941

-0.01359

-0.01747

1624.0

-0.001953

-0.003905

-0.005858

-0.007811

-0.009763

-0.01172

-0.01562

-0.01953

-0.01367

-0.01757

1628.0

-0.001964

-0.003928

-0.005892

-0.007856

-0.00982

-0.01178

-0.01571

-0.01964

-0.01375

-0.01768

1632.0

-0.001975

-0.003951

-0.005926

-0.007901

-0.009877

-0.01185

-0.0158

-0.01975

-0.01383

-0.01778

1636.0

-0.001987

-0.003973

-0.00596

-0.007947

-0.009933

-0.01192

-0.01589

-0.01987

-0.01391

-0.01788

1640.0

-0.001998

-0.003996

-0.005994

-0.007992

-0.00999

-0.01199

-0.01598

-0.01998

-0.01399

-0.01798

1644.0

-0.002009

-0.004019

-0.006028

-0.008038

-0.01005

-0.01206

-0.01608

-0.02009

-0.01407

-0.01809

1648.0

-0.002021

-0.004042

-0.006063

-0.008084

-0.0101

-0.01213

-0.01617

-0.02021

-0.01415

-0.01819

1652.0

-0.002032

-0.004065

-0.006097

-0.008129

-0.01016

-0.01219

-0.01626

-0.02032

-0.01423

-0.01829

1656.0

-0.002044

-0.004088

-0.006131

-0.008175

-0.01022

-0.01226

-0.01635

-0.02044

-0.01431

-0.01839

1660.0

-0.002055

-0.004111

-0.006166

-0.008221

-0.01028

-0.01233

-0.01644

-0.02055

-0.01439

-0.0185

1664.0

-0.002067

-0.004134

-0.006201

-0.008267

-0.01033

-0.0124

-0.01653

-0.02067

-0.01447

-0.0186

1668.0

-0.002078

-0.004157

-0.006235

-0.008314

-0.01039

-0.01247

-0.01663

-0.02078

-0.01455

-0.01871

1672.0

-0.00209

-0.00418

-0.00627

-0.00836

-0.01045

-0.01254

-0.01672

-0.0209

-0.01463

-0.01881

1676.0

-0.002102

-0.004203

-0.006305

-0.008406

-0.01051

-0.01261

-0.01681

-0.02102

-0.01471

-0.01891

1680.0

-0.002113

-0.004227

-0.00634

-0.008453

-0.01057

-0.01268

-0.01691

-0.02113

-0.01479

-0.01902

1684.0

-0.002125

-0.00425

-0.006375

-0.0085

-0.01062

-0.01275

-0.017

-0.02125

-0.01487

-0.01912

1688.0

-0.002137

-0.004273

-0.00641

-0.008546

-0.01068

-0.01282

-0.01709

-0.02137

-0.01496

-0.01923

1692.0

-0.002148

-0.004297

-0.006445

-0.008593

-0.01074

-0.01289

-0.01719

-0.02148

-0.01504

-0.01933

1696.0

-0.00216

-0.00432

-0.00648

-0.00864

-0.0108

-0.01296

-0.01728

-0.0216

-0.01512

-0.01944

1700.0

-0.002172

-0.004344

-0.006516

-0.008687

-0.01086

-0.01303

-0.01737

-0.02172

-0.0152

-0.01955

1704.0

-0.002184

-0.004367

-0.006551

-0.008735

-0.01092

-0.0131

-0.01747

-0.02184

-0.01529

-0.01965

1708.0

-0.002195

-0.004391

-0.006586

-0.008782

-0.01098

-0.01317

-0.01756

-0.02195

-0.01537

-0.01976

1712.0

-0.002207

-0.004415

-0.006622

-0.008829

-0.01104

-0.01324

-0.01766

-0.02207

-0.01545

-0.01987

1716.0

-0.002219

-0.004438

-0.006658

-0.008877

-0.0111

-0.01332

-0.01775

-0.02219

-0.01553

-0.01997

1720.0

-0.002231

-0.004462

-0.006693

-0.008924

-0.01116

-0.01339

-0.01785

-0.02231

-0.01562

-0.02008

1724.0

-0.002243

-0.004486

-0.006729

-0.008972

-0.01122

-0.01346

-0.01794

-0.02243

-0.0157

-0.02019

1728.0

-0.002255

-0.00451

-0.006765

-0.00902

-0.01127

-0.01353

-0.01804

-0.02255

-0.01578

-0.02029

1732.0

-0.002267

-0.004534

-0.006801

-0.009068

-0.01133

-0.0136

-0.01814

-0.02267

-0.01587

-0.0204

1736.0

-0.002279

-0.004558

-0.006837

-0.009116

-0.01139

-0.01367

-0.01823

-0.02279

-0.01595

-0.02051

1740.0

-0.002291

-0.004582

-0.006873

-0.009164

-0.01145

-0.01375

-0.01833

-0.02291

-0.01604

-0.02062

1744.0

-0.002303

-0.004606

-0.006909

-0.009212

-0.01152

-0.01382

-0.01842

-0.02303

-0.01612

-0.02073

1748.0

-0.002315

-0.00463

-0.006945

-0.00926

-0.01158

-0.01389

-0.01852

-0.02315

-0.01621

-0.02084

1752.0

-0.002327

-0.004654

-0.006982

-0.009309

-0.01164

-0.01396

-0.01862

-0.02327

-0.01629

-0.02094

1756.0

-0.002339

-0.004679

-0.007018

-0.009357

-0.0117

-0.01404

-0.01871

-0.02339

-0.01638

-0.02105

1760.0

-0.002352

-0.004703

-0.007055

-0.009406

-0.01176

-0.01411

-0.01881

-0.02352

-0.01646

-0.02116

1764.0

-0.002364

-0.004727

-0.007091

-0.009455

-0.01182

-0.01418

-0.01891

-0.02364

-0.01655

-0.02127

1768.0

-0.002376

-0.004752

-0.007128

-0.009504

-0.01188

-0.01426

-0.01901

-0.02376

-0.01663

-0.02138

1772.0

-0.002388

-0.004776

-0.007164

-0.009553

-0.01194

-0.01433

-0.01911

-0.02388

-0.01672

-0.02149

1776.0

-0.0024

-0.004801

-0.007201

-0.009602

-0.012

-0.0144

-0.0192

-0.024

-0.0168

-0.0216

1780.0

-0.002413

-0.004825

-0.007238

-0.009651

-0.01206

-0.01448

-0.0193

-0.02413

-0.01689

-0.02171

1784.0

-0.002425

-0.00485

-0.007275

-0.0097

-0.01213

-0.01455

-0.0194

-0.02425

-0.01698

-0.02183

1788.0

-0.002437

-0.004875

-0.007312

-0.009749

-0.01219

-0.01462

-0.0195

-0.02437

-0.01706

-0.02194

1792.0

-0.00245

-0.004899

-0.007349

-0.009799

-0.01225

-0.0147

-0.0196

-0.0245

-0.01715

-0.02205

1796.0

-0.002462

-0.004924

-0.007386

-0.009849

-0.01231

-0.01477

-0.0197

-0.02462

-0.01723

-0.02216

1800.0

-0.002475

-0.004949

-0.007424

-0.009898

-0.01237

-0.01485

-0.0198

-0.02475

-0.01732

-0.02227

1804.0

-0.002487

-0.004974

-0.007461

-0.009948

-0.01244

-0.01492

-0.0199

-0.02487

-0.01741

-0.02238

1808.0

-0.002499

-0.004999

-0.007498

-0.009998

-0.02499

-0.0175

-0.0225

1812.0

-0.002512

-0.005024

-0.007536

-0.01005

-0.01256

-0.01507

-0.0201

-0.02512

-0.01758

-0.02261

1816.0

-0.002525

-0.005049

-0.007574

-0.0101

-0.01262

-0.01515

-0.0202

-0.02525

-0.01767

-0.02272

1820.0

-0.002537

-0.005074

-0.007611

-0.01015

-0.01269

-0.01522

-0.0203

-0.02537

-0.01776

-0.02283

1824.0

-0.00255

-0.005099

-0.007649

-0.0102

-0.01275

-0.0153

-0.0204

-0.0255

-0.01785

-0.02295

1828.0

-0.002562

-0.005125

-0.007687

-0.01025

-0.01281

-0.01537

-0.0205

-0.02562

-0.01794

-0.02306

1832.0

-0.002575

-0.00515

-0.007725

-0.0103

-0.01287

-0.01545

-0.0206

-0.02575

-0.01802

-0.02317

1836.0

-0.002588

-0.005175

-0.007763

-0.01035

-0.01294

-0.01553

-0.0207

-0.02588

-0.01811

-0.02329

1840.0

-0.0026

-0.0052

-0.007801

-0.0104

-0.013

-0.0156

-0.0208

-0.026

-0.0182

-0.0234

1844.0

-0.002613

-0.005226

-0.007839

-0.01045

-0.01306

-0.01568

-0.0209

-0.02613

-0.01829

-0.02352

1848.0

-0.002626

-0.005251

-0.007877

-0.0105

-0.01313

-0.01575

-0.02101

-0.02626

-0.01838

-0.02363

1852.0

-0.002638

-0.005277

-0.007915

-0.01055

-0.01319

-0.01583

-0.02111

-0.02638

-0.01847

-0.02375

1856.0

-0.002651

-0.005302

-0.007954

-0.0106

-0.01326

-0.01591

-0.02121

-0.02651

-0.01856

-0.02386

1860.0

-0.002664

-0.005328

-0.007992

-0.01066

-0.01332

-0.01598

-0.02131

-0.02664

-0.01865

-0.02398

1864.0

-0.002677

-0.005354

-0.008031

-0.01071

-0.01338

-0.01606

-0.02142

-0.02677

-0.01874

-0.02409

1868.0

-0.00269

-0.00538

-0.008069

-0.01076

-0.01345

-0.01614

-0.02152

-0.0269

-0.01883

-0.02421

1872.0

-0.002703

-0.005405

-0.008108

-0.01081

-0.01351

-0.01622

-0.02162

-0.02703

-0.01892

-0.02432

1876.0

-0.002716

-0.005431

-0.008147

-0.01086

-0.01358

-0.01629

-0.02172

-0.02716

-0.01901

-0.02444

1880.0

-0.002729

-0.005457

-0.008186

-0.01091

-0.01364

-0.01637

-0.02183

-0.02729

-0.0191

-0.02456

1884.0

-0.002741

-0.005483

-0.008224

-0.01097

-0.01371

-0.01645

-0.02193

-0.02741

-0.01919

-0.02467

1888.0

-0.002754

-0.005509

-0.008263

-0.01102

-0.01377

-0.01653

-0.02204

-0.02754

-0.01928

-0.02479

1892.0

-0.002768

-0.005535

-0.008303

-0.01107

-0.01384

-0.01661

-0.02214

-0.02768

-0.01937

-0.02491

1896.0

-0.002781

-0.005561

-0.008342

-0.01112

-0.0139

-0.01668

-0.02224

-0.02781

-0.01946

-0.02503

1900.0

-0.002794

-0.005587

-0.008381

-0.01117

-0.01397

-0.01676

-0.02235

-0.02794

-0.01956

-0.02514

1904.0

-0.002807

-0.005613

-0.00842

-0.01123

-0.01403

-0.01684

-0.02245

-0.02807

-0.01965

-0.02526

1908.0

-0.00282

-0.00564

-0.00846

-0.01128

-0.0141

-0.01692

-0.02256

-0.0282

-0.01974

-0.02538

1912.0

-0.002833

-0.005666

-0.008499

-0.01133

-0.01417

-0.017

-0.02266

-0.02833

-0.01983

-0.0255

1916.0

-0.002846

-0.005692

-0.008539

-0.01138

-0.01423

-0.01708

-0.02277

-0.02846

-0.01992

-0.02562

1920.0

-0.002859

-0.005719

-0.008578

-0.01144

-0.0143

-0.01716

-0.02288

-0.02859

-0.02002

-0.02573

1924.0

-0.002873

-0.005745

-0.008618

-0.01149

-0.01436

-0.01724

-0.02298

-0.02873

-0.02011

-0.02585

1928.0

-0.002886

-0.005772

-0.008658

-0.01154

-0.01443

-0.01732

-0.02309

-0.02886

-0.0202

-0.02597

1932.0

-0.002899

-0.005798

-0.008698

-0.0116

-0.0145

-0.0174

-0.02319

-0.02899

-0.02029

-0.02609

1936.0

-0.002913

-0.005825

-0.008738

-0.01165

-0.01456

-0.01748

-0.0233

-0.02913

-0.02039

-0.02621

1940.0

-0.002926

-0.005852

-0.008778

-0.0117

-0.01463

-0.01756

-0.02341

-0.02926

-0.02048

-0.02633

1944.0

-0.002939

-0.005878

-0.008818

-0.01176

-0.0147

-0.01764

-0.02351

-0.02939

-0.02057

-0.02645

1948.0

-0.002953

-0.005905

-0.008858

-0.01181

-0.01476

-0.01772

-0.02362

-0.02953

-0.02067

-0.02657

1952.0

-0.002966

-0.005932

-0.008898

-0.01186

-0.01483

-0.0178

-0.02373

-0.02966

-0.02076

-0.02669

1956.0

-0.002979

-0.005959

-0.008938

-0.01192

-0.0149

-0.01788

-0.02384

-0.02979

-0.02086

-0.02682

1960.0

-0.002993

-0.005986

-0.008979

-0.01197

-0.01496

-0.01796

-0.02394

-0.02993

-0.02095

-0.02694

1964.0

-0.003006

-0.006013

-0.009019

-0.01203

-0.01503

-0.01804

-0.02405

-0.03006

-0.02105

-0.02706

1968.0

-0.00302

-0.00604

-0.00906

-0.01208

-0.0151

-0.01812

-0.02416

-0.0302

-0.02114

-0.02718

1972.0

-0.003034

-0.006067

-0.009101

-0.01213

-0.01517

-0.0182

-0.02427

-0.03034

-0.02123

-0.0273

1976.0

-0.003047

-0.006094

-0.009141

-0.01219

-0.01524

-0.01828

-0.02438

-0.03047

-0.02133

-0.02742

1980.0

-0.003061

-0.006121

-0.009182

-0.01224

-0.0153

-0.01836

-0.02449

-0.03061

-0.02142

-0.02755

1984.0

-0.003074

-0.006149

-0.009223

-0.0123

-0.01537

-0.01845

-0.02459

-0.03074

-0.02152

-0.02767

1988.0

-0.003088

-0.006176

-0.009264

-0.01235

-0.01544

-0.01853

-0.0247

-0.03088

-0.02162

-0.02779

1992.0

-0.003102

-0.006203

-0.009305

-0.01241

-0.01551

-0.01861

-0.02481

-0.03102

-0.02171

-0.02791

1996.0

-0.003115

-0.006231

-0.009346

-0.01246

-0.01558

-0.01869

-0.02492

-0.03115

-0.02181

-0.02804

2000.0

-0.003129

-0.006258

-0.009387

-0.01252

-0.01565

-0.01877

-0.02503

-0.03129

-0.0219

-0.02816

2004.0

-0.003143

-0.006286

-0.009428

-0.01257

-0.01571

-0.01886

-0.02514

-0.03143

-0.022

-0.02829

2008.0

-0.003157

-0.006313

-0.00947

-0.01263

-0.01578

-0.01894

-0.02525

-0.03157

-0.0221

-0.02841

2012.0

-0.00317

-0.006341

-0.009511

-0.01268

-0.01585

-0.01902

-0.02536

-0.0317

-0.02219

-0.02853

2016.0

-0.003184

-0.006369

-0.009553

-0.01274

-0.01592

-0.01911

-0.02547

-0.03184

-0.02229

-0.02866

2020.0

-0.003198

-0.006396

-0.009594

-0.01279

-0.01599

-0.01919

-0.02558

-0.03198

-0.02239

-0.02878

2024.0

-0.003212

-0.006424

-0.009636

-0.01285

-0.01606

-0.01927

-0.0257

-0.03212

-0.02248

-0.02891

2028.0

-0.003226

-0.006452

-0.009678

-0.0129

-0.01613

-0.01936

-0.02581

-0.03226

-0.02258

-0.02903

2032.0

-0.00324

-0.00648

-0.00972

-0.01296

-0.0162

-0.01944

-0.02592

-0.0324

-0.02268

-0.02916

2036.0

-0.003254

-0.006508

-0.009761

-0.01302

-0.01627

-0.01952

-0.02603

-0.03254

-0.02278

-0.02928

2040.0

-0.003268

-0.006536

-0.009803

-0.01307

-0.01634

-0.01961

-0.02614

-0.03268

-0.02287

-0.02941

2044.0

-0.003282

-0.006564

-0.009846

-0.01313

-0.01641

-0.01969

-0.02625

-0.03282

-0.02297

-0.02954

2048.0

-0.003296

-0.006592

-0.009888

-0.01318

-0.01648

-0.01978

-0.02637

-0.03296

-0.02307

-0.02966

2052.0

-0.00331

-0.00662

-0.00993

-0.01324

-0.01655

-0.01986

-0.02648

-0.0331

-0.02317

-0.02979

2056.0

-0.003324

-0.006648

-0.009972

-0.0133

-0.01662

-0.01994

-0.02659

-0.03324

-0.02327

-0.02992

2060.0

-0.003338

-0.006676

-0.01001

-0.01335

-0.01669

-0.02003

-0.02671

-0.03338

-0.02337

-0.03004

2064.0

-0.003352

-0.006705

-0.01006

-0.01341

-0.01676

-0.02011

-0.02682

-0.03352

-0.02347

-0.03017

2068.0

-0.003366

-0.006733

-0.0101

-0.01347

-0.01683

-0.0202

-0.02693

-0.03366

-0.02357

-0.0303

2072.0

-0.003381

-0.006761

-0.01014

-0.01352

-0.0169

-0.02028

-0.02705

-0.03381

-0.02366

-0.03043

2076.0

-0.003395

-0.00679

-0.01018

-0.01358

-0.01697

-0.02037

-0.02716

-0.03395

-0.02376

-0.03055

2080.0

-0.003409

-0.006818

-0.01023

-0.01364

-0.01705

-0.02046

-0.02727

-0.03409

-0.02386

-0.03068

2084.0

-0.003423

-0.006847

-0.01027

-0.01369

-0.01712

-0.02054

-0.02739

-0.03423

-0.02396

-0.03081

2088.0

-0.003438

-0.006876

-0.01031

-0.01375

-0.01719

-0.02063

-0.0275

-0.03438

-0.02406

-0.03094

2092.0

-0.003452

-0.006904

-0.01036

-0.01381

-0.01726

-0.02071

-0.02762

-0.03452

-0.02416

-0.03107

2096.0

-0.003466

-0.006933

-0.0104

-0.01387

-0.01733

-0.0208

-0.02773

-0.03466

-0.02427

-0.0312

2100.0

-0.003481

-0.006962

-0.01044

-0.01392

-0.0174

-0.02089

-0.02785

-0.03481

-0.02437

-0.03133

2104.0

-0.003495

-0.006991

-0.01049

-0.01398

-0.01748

-0.02097

-0.02796

-0.03495

-0.02447

-0.03146

2108.0

-0.00351

-0.007019

-0.01053

-0.01404

-0.01755

-0.02106

-0.02808

-0.0351

-0.02457

-0.03159

2112.0

-0.003524

-0.007048

-0.01057

-0.0141

-0.01762

-0.02114

-0.02819

-0.03524

-0.02467

-0.03172

2116.0

-0.003539

-0.007077

-0.01062

-0.01415

-0.01769

-0.02123

-0.02831

-0.03539

-0.02477

-0.03185

2120.0

-0.003553

-0.007106

-0.01066

-0.01421

-0.01777

-0.02132

-0.02843

-0.03553

-0.02487

-0.03198

2124.0

-0.003568

-0.007135

-0.0107

-0.01427

-0.01784

-0.02141

-0.02854

-0.03568

-0.02497

-0.03211

2128.0

-0.003582

-0.007165

-0.01075

-0.01433

-0.01791

-0.02149

-0.02866

-0.03582

-0.02508

-0.03224

2132.0

-0.003597

-0.007194

-0.01079

-0.01439

-0.01798

-0.02158

-0.02877

-0.03597

-0.02518

-0.03237

2136.0

-0.003611

-0.007223

-0.01083

-0.01445

-0.01806

-0.02167

-0.02889

-0.03611

-0.02528

-0.0325

2140.0

-0.003626

-0.007252

-0.01088

-0.0145

-0.01813

-0.02176

-0.02901

-0.03626

-0.02538

-0.03264

2144.0

-0.003641

-0.007282

-0.01092

-0.01456

-0.0182

-0.02184

-0.02913

-0.03641

-0.02549

-0.03277

2148.0

-0.003656

-0.007311

-0.01097

-0.01462

-0.01828

-0.02193

-0.02924

-0.03656

-0.02559

-0.0329

2152.0

-0.00367

-0.00734

-0.01101

-0.01468

-0.01835

-0.02202

-0.02936

-0.0367

-0.02569

-0.03303

2156.0

-0.003685

-0.00737

-0.01105

-0.01474

-0.01842

-0.02211

-0.02948

-0.03685

-0.02579

-0.03316

2160.0

-0.0037

-0.0074

-0.0111

-0.0148

-0.0185

-0.0222

-0.0296

-0.037

-0.0259

-0.0333

2164.0

-0.003715

-0.007429

-0.01114

-0.01486

-0.01857

-0.02229

-0.02972

-0.03715

-0.026

-0.03343

2168.0

-0.003729

-0.007459

-0.01119

-0.01492

-0.01865

-0.02238

-0.02984

-0.03729

-0.02611

-0.03356

2172.0

-0.003744

-0.007488

-0.01123

-0.01498

-0.01872

-0.02247

-0.02995

-0.03744

-0.02621

-0.0337

2176.0

-0.003759

-0.007518

-0.01128

-0.01504

-0.0188

-0.02255

-0.03007

-0.03759

-0.02631

-0.03383

2180.0

-0.003774

-0.007548

-0.01132

-0.0151

-0.01887

-0.02264

-0.03019

-0.03774

-0.02642

-0.03397

2184.0

-0.003789

-0.007578

-0.01137

-0.01516

-0.01894

-0.02273

-0.03031

-0.03789

-0.02652

-0.0341

2188.0

-0.003804

-0.007608

-0.01141

-0.01522

-0.01902

-0.02282

-0.03043

-0.03804

-0.02663

-0.03424

2192.0

-0.003819

-0.007638

-0.01146

-0.01528

-0.01909

-0.02291

-0.03055

-0.03819

-0.02673

-0.03437

2196.0

-0.003834

-0.007668

-0.0115

-0.01534

-0.01917

-0.023

-0.03067

-0.03834

-0.02684

-0.03451

2200.0

-0.003849

-0.007698

-0.01155

-0.0154

-0.01924

-0.02309

-0.03079

-0.03849

-0.02694

-0.03464

2204.0

-0.003864

-0.007728

-0.01159

-0.01546

-0.01932

-0.02318

-0.03091

-0.03864

-0.02705

-0.03478

2208.0

-0.003879

-0.007758

-0.01164

-0.01552

-0.0194

-0.02327

-0.03103

-0.03879

-0.02715

-0.03491

2212.0

-0.003894

-0.007788

-0.01168

-0.01558

-0.01947

-0.02337

-0.03115

-0.03894

-0.02726

-0.03505

2216.0

-0.003909

-0.007819

-0.01173

-0.01564

-0.01955

-0.02346

-0.03127

-0.03909

-0.02737

-0.03518

2220.0

-0.003924

-0.007849

-0.01177

-0.0157

-0.01962

-0.02355

-0.0314

-0.03924

-0.02747

-0.03532

2224.0

-0.00394

-0.007879

-0.01182

-0.01576

-0.0197

-0.02364

-0.03152

-0.0394

-0.02758

-0.03546

2228.0

-0.003955

-0.007909

-0.01186

-0.01582

-0.01977

-0.02373

-0.03164

-0.03955

-0.02768

-0.03559

2232.0

-0.00397

-0.00794

-0.01191

-0.01588

-0.01985

-0.02382

-0.03176

-0.0397

-0.02779

-0.03573

2236.0

-0.003985

-0.00797

-0.01195

-0.01594

-0.01992

-0.02391

-0.03188

-0.03985

-0.02789

-0.03586

2240.0

-0.004

-0.008

-0.012

-0.016

-0.02

-0.024

-0.032

-1.0

-0.028

-0.036

2244.0

-0.004015

-0.00803

-0.01205

-0.01606

-0.02008

-0.02409

-0.03212

-1.0

-0.02811

-0.03614

2248.0

-0.00403

-0.00806

-0.01209

-0.01612

-0.02015

-0.02418

-0.03224

-1.0

-0.02821

-0.03627

2252.0

-0.004045

-0.008091

-0.01214

-0.01618

-0.02023

-0.02427

-0.03236

-1.0

-0.02832

-0.03641

2256.0

-0.00406

-0.008121

-0.01218

-0.01624

-0.0203

-0.02436

-0.03248

-1.0

-0.02842

-0.03654

2260.0

-0.004076

-0.008151

-0.01223

-0.0163

-0.02038

-0.02445

-0.0326

-1.0

-0.02853

-0.03668

2264.0

-0.004091

-0.008181

-0.01227

-0.01636

-0.02045

-0.02454

-0.03273

-1.0

-0.02863

-0.03682

2268.0

-0.004106

-0.008212

-0.01232

-0.01642

-0.02053

-0.02463

-0.03285

-1.0

-0.02874

-0.03695

2272.0

-0.004121

-0.008242

-0.01236

-0.01648

-0.0206

-0.02473

-0.03297

-1.0

-0.02885

-0.03709

2276.0

-0.004136

-0.008272

-0.01241

-0.01654

-0.02068

-0.02482

-0.03309

-1.0

-0.02895

-0.03722

2280.0

-0.004151

-0.008302

-0.01245

-0.0166

-0.02076

-0.02491

-0.03321

-1.0

-0.02906

-0.03736

2284.0

-0.004166

-0.008332

-0.0125

-0.01666

-0.02083

-0.025

-0.03333

-1.0

-0.02916

-0.0375

2288.0

-0.004181

-0.008363

-0.01254

-0.01673

-0.02091

-0.02509

-0.03345

-1.0

-0.02927

-0.03763

2292.0

-0.004196

-0.008393

-0.01259

-0.01679

-0.02098

-0.02518

-0.03357

-1.0

-0.02937

-0.03777

2296.0

-0.004212

-0.008423

-0.01263

-0.01685

-0.02106

-0.02527

-0.03369

-1.0

-0.02948

-0.0379

2300.0

-0.004227

-0.008453

-0.01268

-0.01691

-0.02113

-0.02536

-0.03381

-1.0

-0.02959

-0.03804

2304.0

-0.004242

-0.008483

-0.01273

-0.01697

-0.02121

-0.02545

-0.03393

-1.0

-0.02969

-0.03818

2308.0

-0.004257

-0.008514

-0.01277

-0.01703

-0.02128

-0.02554

-0.03405

-1.0

-0.0298

-0.03831

2312.0

-0.004272

-0.008544

-0.01282

-0.01709

-0.02136

-0.02563

-0.03418

-1.0

-0.0299

-0.03845

2316.0

-0.004287

-0.008574

-0.01286

-0.01715

-0.02144

-0.02572

-0.0343

-1.0

-0.03001

-0.03858

2320.0

-0.004302

-0.008604

-0.01291

-0.01721

-0.02151

-0.02581

-0.03442

-1.0

-0.03012

-0.03872

2324.0

-0.004317

-0.008634

-0.01295

-0.01727

-0.02159

-0.0259

-0.03454

-1.0

-0.03022

-0.03885

2328.0

-0.004331

-0.008663

-0.01299

-0.01733

-0.02166

-0.02599

-0.03465

-1.0

-0.03032

-0.03898

2332.0

-0.004345

-0.00869

-0.01303

-0.01738

-0.02172

-0.02607

-0.03476

-1.0

-0.03041

-0.0391

2336.0

-0.004358

-0.008715

-0.01307

-0.01743

-0.02179

-0.02615

-0.03486

-1.0

-0.0305

-0.03922

2340.0

-0.00437

-0.008739

-0.01311

-0.01748

-0.02185

-0.02622

-0.03496

-1.0

-0.03059

-0.03933

2344.0

-0.004381

-0.008762

-0.01314

-0.01752

-0.0219

-0.02629

-0.03505

-1.0

-0.03067

-0.03943

2348.0

-0.004391

-0.008783

-0.01317

-0.01757

-0.02196

-0.02635

-0.03513

-1.0

-0.03074

-0.03952

2352.0

-0.004401

-0.008802

-0.0132

-0.0176

-0.02201

-0.02641

-0.03521

-1.0

-0.03081

-0.03961

2356.0

-0.00441

-0.00882

-0.01323

-0.01764

-0.02205

-0.02646

-0.03528

-1.0

-0.03087

-0.03969

2360.0

-0.004418

-0.008836

-0.01325

-0.01767

-0.02209

-0.02651

-0.03534

-1.0

-0.03093

-0.03976

2364.0

-0.004427

-0.008854

-0.01328

-0.01771

-0.02214

-0.02656

-0.03542

-1.0

-0.03099

-0.03984

2368.0

-0.004434

-0.008867

-0.0133

-0.01773

-0.02217

-0.0266

-0.03547

-1.0

-0.03104

-0.0399

2372.0

-0.004439

-0.008878

-0.01332

-0.01776

-0.0222

-0.02664

-0.03551

-1.0

-0.03107

-0.03995

2376.0

-0.004444

-0.008888

-0.01333

-0.01778

-0.02222

-0.02666

-0.03555

-1.0

-0.03111

-1.0

2380.0

-0.004448

-0.008896

-0.01334

-0.01779

-0.02224

-0.02669

-0.03558

-1.0

-0.03114

-1.0

2384.0

-0.004451

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2388.0

-0.004454

-0.008908

-0.01336

-0.01782

-0.02227

-0.02672

-0.03563

-1.0

-0.03118

-1.0

2392.0

-0.004456

-0.008911

-0.01337

-0.01782

-0.02228

-0.02673

-0.03564

-1.0

-0.03119

-1.0

2396.0

-0.004457

-0.008913

-0.01337

-0.01783

-0.02228

-0.02674

-0.03565

-1.0

-0.0312

-1.0

2400.0

-0.004457

-0.008913

-0.01337

-0.01783

-0.02228

-0.02674

-0.03565

-1.0

-0.0312

-1.0

2404.0

-0.004457

-0.008913

-0.01337

-0.01783

-0.02228

-0.02674

-0.03565

-1.0

-0.0312

-1.0

2408.0

-0.004456

-0.008913

-0.01337

-0.01783

-0.02228

-0.02674

-0.03565

-1.0

-0.03119

-1.0

2412.0

-0.004456

-0.008912

-0.01337

-0.01782

-0.02228

-0.02674

-0.03565

-1.0

-0.03119

-1.0

2416.0

-0.004456

-0.008912

-0.01337

-0.01782

-0.02228

-0.02674

-0.03565

-1.0

-0.03119

-1.0

2420.0

-0.004456

-0.008912

-0.01337

-0.01782

-0.02228

-0.02673

-0.03565

-1.0

-0.03119

-1.0

2424.0

-0.004456

-0.008911

-0.01337

-0.01782

-0.02228

-0.02673

-0.03565

-1.0

-0.03119

-1.0

2428.0

-0.004455

-0.008911

-0.01337

-0.01782

-0.02228

-0.02673

-0.03564

-1.0

-0.03119

-1.0

2432.0

-0.004455

-0.008911

-0.01337

-0.01782

-0.02228

-0.02673

-0.03564

-1.0

-0.03119

-1.0

2436.0

-0.004455

-0.00891

-0.01337

-0.01782

-0.02228

-0.02673

-0.03564

-1.0

-0.03119

-1.0

2440.0

-0.004455

-0.00891

-0.01336

-0.01782

-0.02227

-0.02673

-0.03564

-1.0

-0.03118

-1.0

2444.0

-0.004455

-0.00891

-0.01336

-0.01782

-0.02227

-0.02673

-0.03564

-1.0

-0.03118

-1.0

2448.0

-0.004455

-0.008909

-0.01336

-0.01782

-0.02227

-0.02673

-0.03564

-1.0

-0.03118

-1.0

2452.0

-0.004454

-0.008909

-0.01336

-0.01782

-0.02227

-0.02673

-0.03564

-1.0

-0.03118

-1.0

2456.0

-0.004454

-0.008908

-0.01336

-0.01782

-0.02227

-0.02673

-0.03563

-1.0

-0.03118

-1.0

2460.0

-0.004454

-0.008908

-0.01336

-0.01782

-0.02227

-0.02672

-0.03563

-1.0

-0.03118

-1.0

2464.0

-0.004454

-0.008908

-0.01336

-0.01782

-0.02227

-0.02672

-0.03563

-1.0

-0.03118

-1.0

2468.0

-0.004454

-0.008907

-0.01336

-0.01781

-0.02227

-0.02672

-0.03563

-1.0

-0.03118

-1.0

2472.0

-0.004454

-0.008907

-0.01336

-0.01781

-0.02227

-0.02672

-0.03563

-1.0

-0.03117

-1.0

2476.0

-0.004453

-0.008907

-0.01336

-0.01781

-0.02227

-0.02672

-0.03563

-1.0

-0.03117

-1.0

2480.0

-0.004453

-0.008906

-0.01336

-0.01781

-0.02227

-0.02672

-0.03563

-1.0

-0.03117

-1.0

2484.0

-0.004453

-0.008906

-0.01336

-0.01781

-0.02226

-0.02672

-0.03562

-1.0

-0.03117

-1.0

2488.0

-0.004453

-0.008906

-0.01336

-0.01781

-0.02226

-0.02672

-0.03562

-1.0

-0.03117

-1.0

2492.0

-0.004453

-0.008905

-0.01336

-0.01781

-0.02226

-0.02672

-0.03562

-1.0

-0.03117

-1.0

2496.0

-0.004452

-0.008905

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03117

-1.0

2500.0

-0.004452

-0.008905

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03117

-1.0

2504.0

-0.004452

-0.008904

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03116

-1.0

2508.0

-0.004452

-0.008904

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03116

-1.0

2512.0

-0.004452

-0.008903

-0.01336

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2516.0

-0.004452

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2520.0

-0.004451

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2524.0

-0.004451

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2528.0

-0.004451

-0.008902

-0.01335

-0.0178

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2532.0

-0.004451

-0.008902

-0.01335

-0.0178

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2536.0

-0.004451

-0.008902

-0.01335

-0.0178

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2540.0

-0.004451

-0.008902

-0.01335

-0.0178

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2544.0

-0.004451

-0.008902

-0.01335

-0.0178

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2548.0

-0.004451

-0.008902

-0.01335

-0.0178

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2552.0

-0.004451

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2556.0

-0.004451

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2560.0

-0.004451

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2564.0

-0.004452

-0.008903

-0.01335

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2568.0

-0.004452

-0.008904

-0.01336

-0.01781

-0.02226

-0.02671

-0.03561

-1.0

-0.03116

-1.0

2572.0

-0.004452

-0.008904

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03116

-1.0

2576.0

-0.004452

-0.008904

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03117

-1.0

2580.0

-0.004452

-0.008905

-0.01336

-0.01781

-0.02226

-0.02671

-0.03562

-1.0

-0.03117

-1.0

2584.0

-0.004453

-0.008906

-0.01336

-0.01781

-0.02226

-0.02672

-0.03562

-1.0

-0.03117

-1.0

2588.0

-0.004453

-0.008906

-0.01336

-0.01781

-0.02227

-0.02672

-0.03562

-1.0

-0.03117

-1.0

2592.0

-0.004453

-0.008907

-0.01336

-0.01781

-0.02227

-0.02672

-0.03563

-1.0

-0.03117

-1.0

2596.0

-0.004454

-0.008907

-0.01336

-0.01781

-0.02227

-0.02672

-0.03563

-1.0

-0.03118

-1.0

2600.0

-0.004454

-0.008908

-0.01336

-0.01782

-0.02227

-0.02672

-0.03563

-1.0

-0.03118

-1.0

2604.0

-0.004455

-0.008909

-0.01336

-0.01782

-0.02227

-0.02673

-0.03564

-1.0

-0.03118

-1.0

2608.0

-0.004455

-0.00891

-0.01336

-0.01782

-0.02227

-0.02673

-0.03564

-1.0

-0.03118

-1.0

2612.0

-0.004455

-0.008911

-0.01337

-0.01782

-0.02228

-0.02673

-0.03564

-1.0

-0.03119

-1.0

2616.0

-0.004456

-0.008912

-0.01337

-0.01782

-0.02228

-0.02674

-0.03565

-1.0

-0.03119

-1.0

2620.0

-0.004456

-0.008913

-0.01337

-0.01783

-0.02228

-0.02674

-0.03565

-1.0

-0.0312

-1.0

2624.0

-0.004457

-0.008914

-0.01337

-0.01783

-0.02228

-0.02674

-0.03566

-1.0

-0.0312

-1.0

2628.0

-0.004458

-0.008915

-0.01337

-0.01783

-0.02229

-0.02675

-0.03566

-1.0

-0.0312

-1.0

2632.0

-0.004458

-0.008916

-0.01337

-0.01783

-0.02229

-0.02675

-0.03567

-1.0

-0.03121

-1.0

2636.0

-0.004459

-0.008917

-0.01338

-0.01783

-0.02229

-0.02675

-0.03567

-1.0

-0.03121

-1.0

2640.0

-0.004459

-0.008919

-0.01338

-0.01784

-0.0223

-0.02676

-0.03568

-1.0

-0.03122

-1.0

2644.0

-0.00446

-0.00892

-0.01338

-0.01784

-0.0223

-0.02676

-0.03568

-1.0

-0.03122

-1.0

2648.0

-0.004461

-0.008922

-0.01338

-0.01784

-0.0223

-0.02676

-0.03569

-1.0

-0.03123

-1.0

2652.0

-0.004461

-0.008923

-0.01338

-0.01785

-0.02231

-0.02677

-0.03569

-1.0

-0.03123

-1.0

2656.0

-0.004462

-0.008924

-0.01339

-0.01785

-0.02231

-0.02677

-0.0357

-1.0

-0.03124

-1.0

2660.0

-0.004463

-0.008926

-0.01339

-0.01785

-0.02232

-0.02678

-0.0357

-1.0

-0.03124

-1.0

2664.0

-0.004464

-0.008928

-0.01339

-0.01786

-0.02232

-0.02678

-0.03571

-1.0

2668.0

-0.004465

-0.008929

-0.01339

-0.01786

-0.02232

-0.02679

-0.03572

-1.0

2672.0

-0.004465

-0.008931

-0.0134

-0.01786

-0.02233

-0.02679

-0.03572

-1.0

-0.03126

-1.0

2676.0

-0.004466

-0.008933

-0.0134

-0.01787

-0.02233

-0.0268

-0.03573

-1.0

-0.03126

-1.0

2680.0

-0.004467

-0.008935

-0.0134

-0.01787

-0.02234

-0.0268

-0.03574

-1.0

-0.03127

-1.0

2684.0

-0.004468

-0.008936

-0.0134

-0.01787

-0.02234

-0.02681

-0.03575

-1.0

-0.03128

-1.0

2688.0

-0.004469

-0.008938

-0.01341

-0.01788

-0.02235

-0.02681

-0.03575

-1.0

-0.03128

-1.0

2692.0

-0.00447

-0.00894

-0.01341

-0.01788

-0.02235

-0.02682

-0.03576

-1.0

-0.03129

-1.0

2696.0

-0.004471

-0.008942

-0.01341

-0.01788

-0.02236

-0.02683

-0.03577

-1.0

-0.0313

-1.0

2700.0

-0.004472

-0.008944

-0.01342

-0.01789

-0.02236

-0.02683

-0.03578

-1.0

-0.03131

-1.0

2704.0

-0.004473

-0.008946

-0.01342

-0.01789

-0.02237

-0.02684

-0.03579

-1.0

-0.03131

-1.0

2708.0

-0.004474

-0.008949

-0.01342

-0.0179

-0.02237

-0.02685

-0.03579

-1.0

-0.03132

-1.0

2712.0

-0.004475

-0.008951

-0.01343

-0.0179

-0.02238

-0.02685

-0.0358

-1.0

-0.03133

-1.0

2716.0

-0.004477

-0.008953

-0.01343

-0.01791

-0.02238

-0.02686

-0.03581

-1.0

-0.03134

-1.0

2720.0

-0.004478

-0.008956

-0.01343

-0.01791

-0.02239

-0.02687

-0.03582

-1.0

-0.03134

-1.0

2724.0

-0.004479

-0.008958

-0.01344

-0.01792

-0.02239

-0.02687

-0.03583

-1.0

-0.03135

-1.0

2728.0

-0.00448

-0.00896

-0.01344

-0.01792

-0.0224

-0.02688

-0.03584

-1.0

-0.03136

-1.0

2732.0

-0.004481

-0.008963

-0.01344

-0.01793

-0.02241

-0.02689

-0.03585

-1.0

-0.03137

-1.0

2736.0

-0.004483

-0.008965

-0.01345

-0.01793

-0.02241

-0.0269

-0.03586

-1.0

-0.03138

-1.0

2740.0

-0.004484

-0.008968

-0.01345

-0.01794

-0.02242

-0.0269

-0.03587

-1.0

-0.03139

-1.0

2744.0

-0.004485

-0.008971

-0.01346

-0.01794

-0.02243

-0.02691

-0.03588

-1.0

-0.0314

-1.0

2748.0

-0.004487

-0.008973

-0.01346

-0.01795

-0.02243

-0.02692

-0.03589

-1.0

-0.03141

-1.0

2752.0

-0.004488

-0.008976

-0.01346

-0.01795

-0.02244

-0.02693

-0.0359

-1.0

-0.03142

-1.0

2756.0

-0.004489

-0.008979

-0.01347

-0.01796

-0.02245

-0.02694

-0.03592

-1.0

-0.03143

-1.0

2760.0

-0.004491

-0.008982

-0.01347

-0.01796

-0.02245

-0.02695

-0.03593

-1.0

-0.03144

-1.0

2764.0

-0.004492

-0.008985

-0.01348

-0.01797

-0.02246

-0.02695

-0.03594

-1.0

-0.03145

-1.0

2768.0

-0.004494

-0.008988

-0.01348

-0.01798

-0.02247

-0.02696

-0.03595

-1.0

-0.03146

-1.0

2772.0

-0.004495

-0.008991

-0.01349

-0.01798

-0.02248

-0.02697

-0.03596

-1.0

-0.03147

-1.0

2776.0

-0.004497

-0.008994

-0.01349

-0.01799

-0.02248

-0.02698

-0.03597

-1.0

-0.03148

-1.0

2780.0

-0.004498

-0.008997

-0.0135

-0.01799

-0.02249

-0.02699

-0.03599

-1.0

-0.03149

-1.0

2784.0

-0.0045

-0.009

-0.0135

-0.018

-0.0225

-0.027

-0.036

-1.0

-0.0315

-1.0

2788.0

-0.004502

-0.009003

-0.0135

-0.01801

-0.02251

-0.02701

-0.03601

-1.0

-0.03151

-1.0

2792.0

-0.004503

-0.009006

-0.01351

-0.01801

-0.02252

-0.02702

-0.03603

-1.0

-0.03152

-1.0

2796.0

-0.004505

-0.00901

-0.01351

-0.01802

-0.02252

-0.02703

-0.03604

-1.0

-0.03153

-1.0

2800.0

-0.004507

-0.009013

-0.01352

-0.01803

-0.02253

-0.02704

-0.03605

-1.0

-0.03155

-1.0

2804.0

-0.004508

-0.009017

-0.01352

-0.01803

-0.02254

-0.02705

-0.03607

-1.0

-0.03156

-1.0

2808.0

-0.00451

-0.00902

-0.01353

-0.01804

-0.02255

-0.02706

-0.03608

-1.0

-0.03157

-1.0

2812.0

-0.004512

-0.009024

-0.01354

-0.01805

-0.02256

-0.02707

-0.03609

-1.0

-0.03158

-1.0

2816.0

-0.004514

-0.009027

-0.01354

-0.01805

-0.02257

-0.02708

-0.03611

-1.0

-0.0316

-1.0

2820.0

-0.004515

-0.009031

-0.01355

-0.01806

-0.02258

-0.02709

-0.03612

-1.0

-0.03161

-1.0

2824.0

-0.004517

-0.009035

-0.01355

-0.01807

-0.02259

-0.0271

-0.03614

-1.0

-0.03162

-1.0

2828.0

-0.004519

-0.009038

-0.01356

-0.01808

-0.0226

-0.02711

-0.03615

-1.0

-0.03163

-1.0

2832.0

-0.004521

-0.009042

-0.01356

-0.01808

-0.02261

-0.02713

-0.03617

-1.0

-0.03165

-1.0

2836.0

-0.004523

-0.009046

-0.01357

-0.01809

-0.02261

-0.02714

-0.03618

-1.0

-0.03166

-1.0

2840.0

-0.004525

-0.00905

-0.01357

-0.0181

-0.02262

-0.02715

-0.0362

-1.0

-0.03167

-1.0

2844.0

-0.004527

-0.009054

-0.01358

-0.01811

-0.02263

-0.02716

-0.03622

-1.0

-0.03169

-1.0

2848.0

-0.004529

-0.009058

-0.01359

-0.01812

-0.02264

-0.02717

-0.03623

-1.0

-0.0317

-1.0

2852.0

-0.004531

-0.009062

-0.01359

-0.01812

-0.02265

-0.02719

-0.03625

-1.0

-0.03172

-1.0

2856.0

-0.004533

-0.009066

-0.0136

-0.01813

-0.02266

-0.0272

-0.03626

-1.0

-0.03173

-1.0

2860.0

-0.004535

-0.00907

-0.01361

-0.01814

-0.02268

-0.02721

-0.03628

-1.0

-0.03175

-1.0

2864.0

-0.004537

-0.009074

-0.01361

-0.01815

-0.02269

-0.02722

-0.0363

-1.0

-0.03176

-1.0

2868.0

-0.004539

-0.009079

-0.01362

-0.01816

-0.0227

-0.02724

-0.03631

-1.0

-0.03178

-1.0

2872.0

-0.004541

-0.009083

-0.01362

-0.01817

-0.02271

-0.02725

-0.03633

-1.0

-0.03179

-1.0

2876.0

-0.004544

-0.009087

-0.01363

-0.01817

-0.02272

-0.02726

-0.03635

-1.0

-0.03181

-1.0

2880.0

-0.004546

-0.009092

-0.01364

-0.01818

-0.02273

-0.02728

-0.03637

-1.0

-0.03182

-1.0

2884.0

-0.004548

-0.009096

-0.01364

-0.01819

-0.02274

-0.02729

-0.03638

-1.0

-0.03184

-1.0

2888.0

-0.00455

-0.009101

-0.01365

-0.0182

-0.02275

-0.0273

-0.0364

-1.0

-0.03185

-1.0

2892.0

-0.004553

-0.009105

-0.01366

-0.01821

-0.02276

-0.02732

-0.03642

-1.0

-0.03187

-1.0

2896.0

-0.004555

-0.00911

-0.01366

-0.01822

-0.02277

-0.02733

-0.03644

-1.0

-0.03188

-1.0

2900.0

-0.004557

-0.009115

-0.01367

-0.01823

-0.02279

-0.02734

-0.03646

-1.0

-0.0319

-1.0

2904.0

-0.00456

-0.009119

-0.01368

-0.01824

-0.0228

-0.02736

-0.03648

-1.0

-0.03192

-1.0

2908.0

-0.004562

-0.009124

-0.01369

-0.01825

-0.02281

-0.02737

-0.0365

-1.0

-0.03193

-1.0

2912.0

-0.004565

-0.009129

-0.01369

-0.01826

-0.02282

-0.02739

-0.03652

-1.0

-0.03195

-1.0

2916.0

-0.004567

-0.009134

-0.0137

-0.01827

-0.02283

-0.0274

-0.03654

-1.0

-0.03197

-1.0

2920.0

-0.004569

-0.009139

-0.01371

-0.01828

-0.02285

-0.02742

-0.03656

-1.0

-0.03199

-1.0

2924.0

-0.004572

-0.009144

-0.01372

-0.01829

-0.02286

-0.02743

-0.03658

-1.0

-0.032

-1.0

2928.0

-0.004574

-0.009149

-0.01372

-0.0183

-0.02287

-0.02745

-0.0366

-1.0

-0.03202

-1.0

2932.0

-0.004577

-0.009154

-0.01373

-0.01831

-0.02289

-0.02746

-0.03662

-1.0

-0.03204

-1.0

2936.0

-0.00458

-0.009159

-0.01374

-0.01832

-0.0229

-0.02748

-0.03664

-1.0

-0.03206

-1.0

2940.0

-0.004582

-0.009164

-0.01375

-0.01833

-0.02291

-0.02749

-0.03666

-1.0

-0.03208

-1.0

2944.0

-0.004585

-0.00917

-0.01375

-0.01834

-0.02292

-0.02751

-0.03668

-1.0

-0.03209

-1.0

2948.0

-0.004587

-0.009175

-0.01376

-0.01835

-0.02294

-0.02752

-0.0367

-1.0

-0.03211

-1.0

2952.0

-0.00459

-0.00918

-0.01377

-0.01836

-0.02295

-0.02754

-0.03672

-1.0

-0.03213

-1.0

2956.0

-0.004593

-0.009186

-0.01378

-0.01837

-0.02296

-0.02756

-0.03674

-1.0

-0.03215

-1.0

2960.0

-0.004596

-0.009191

-0.01379

-0.01838

-0.02298

-0.02757

-0.03676

-1.0

-0.03217

-1.0

2964.0

-0.004598

-0.009197

-0.0138

-0.01839

-0.02299

-0.02759

-0.03679

-1.0

-0.03219

-1.0

2968.0

-0.004601

-0.009202

-0.0138

-0.0184

-0.02301

-0.02761

-0.03681

-1.0

-0.03221

-1.0

2972.0

-0.004604

-0.009208

-0.01381

-0.01842

-0.02302

-0.02762

-0.03683

-1.0

-0.03223

-1.0

2976.0

-0.004607

-0.009214

-0.01382

-0.01843

-0.02303

-0.02764

-0.03685

-1.0

-0.03225

-1.0

2980.0

-0.00461

-0.009219

-0.01383

-0.01844

-0.02305

-0.02766

-0.03688

-1.0

-0.03227

-1.0

2984.0

-0.004613

-0.009225

-0.01384

-0.01845

-0.02306

-0.02768

-0.0369

-1.0

-0.03229

-1.0

2988.0

-0.004616

-0.009231

-0.01385

-0.01846

-0.02308

-0.02769

-0.03692

-1.0

-0.03231

-1.0

2992.0

-0.004618

-0.009237

-0.01386

-0.01847

-0.02309

-0.02771

-0.03695

-1.0

-0.03233

-1.0

2996.0

-0.004621

-0.009243

-0.01386

-0.01849

-0.02311

-0.02773

-0.03697

-1.0

-0.03235

-1.0

3000.0

-0.004624

-0.009249

-0.01387

-0.0185

-0.02312

-0.02775

-0.037

-1.0

-0.03237

-1.0

3004.0

-0.004627

-0.009255

-0.01388

-0.01851

-0.02314

-0.02776

-0.03702

-1.0

-0.03239

-1.0

3008.0

-0.00463

-0.009261

-0.01389

-0.01852

-0.02315

-0.02778

-0.03704

-1.0

-0.03241

-1.0

3012.0

-0.004634

-0.009267

-0.0139

-0.01853

-0.02317

-0.0278

-0.03707

-1.0

-0.03243

-1.0

3016.0

-0.004637

-0.009273

-0.01391

-0.01855

-0.02318

-0.02782

-0.03709

-1.0

-0.03246

-1.0

3020.0

-0.00464

-0.00928

-0.01392

-0.01856

-0.0232

-0.02784

-0.03712

-1.0

-0.03248

-1.0

3024.0

-0.004643

-0.009286

-0.01393

-0.01857

-0.02321

-0.02786

-0.03714

-1.0

3028.0

-0.004646

-0.009292

-0.01394

-0.01858

-0.02323

-0.02788

-0.03717

-1.0

-0.03252

-1.0

3032.0

-0.004649

-0.009299

-0.01395

-0.0186

-0.02325

-0.0279

-0.03719

-1.0

-0.03255

-1.0

3036.0

-0.004653

-0.009305

-0.01396

-0.01861

-0.02326

-0.02792

-0.03722

-1.0

-0.03257

-1.0

3040.0

-0.004656

-0.009312

-0.01397

-0.01862

-0.02328

-0.02793

-0.03725

-1.0

-0.03259

-1.0

3044.0

-0.004659

-0.009318

-0.01398

-0.01864

-0.0233

-0.02795

-0.03727

-1.0

-0.03261

-1.0

3048.0

-0.004662

-0.009325

-0.01399

-0.01865

-0.02331

-0.02797

-0.0373

-1.0

-0.03264

-1.0

3052.0

-0.004666

-0.009332

-0.014

-0.01866

-0.02333

-0.02799

-0.03733

-1.0

-0.03266

-1.0

3056.0

-0.004669

-0.009338

-0.01401

-0.01868

-0.02335

-0.02801

-0.03735

-1.0

-0.03268

-1.0

3060.0

-0.004673

-0.009345

-0.01402

-0.01869

-0.02336

-0.02804

-0.03738

-1.0

-0.03271

-1.0

3064.0

-0.004676

-0.009352

-0.01403

-0.0187

-0.02338

-0.02806

-0.03741

-1.0

-0.03273

-1.0

3068.0

-0.004679

-0.009359

-0.01404

-0.01872

-0.0234

-0.02808

-0.03744

-1.0

-0.03276

-1.0

3072.0

-0.004683

-0.009366

-0.01405

-0.01873

-0.02341

-0.0281

-0.03746

-1.0

-0.03278

-1.0

3076.0

-0.004686

-0.009373

-0.01406

-0.01875

-0.02343

-0.02812

-0.03749

-1.0

-0.0328

-1.0

3080.0

-0.00469

-0.00938

-0.01407

-0.01876

-0.02345

-0.02814

-0.03752

-1.0

-0.03283

-1.0

3084.0

-0.004693

-0.009387

-0.01408

-0.01877

-0.02347

-0.02816

-0.03755

-1.0

-0.03285

-1.0

3088.0

-0.004697

-0.009394

-0.01409

-0.01879

-0.02348

-0.02818

-0.03758

-1.0

-0.03288

-1.0

3092.0

-0.004701

-0.009401

-0.0141

-0.0188

-0.0235

-0.0282

-0.0376

-1.0

-0.0329

-1.0

3096.0

-0.004704

-0.009408

-0.01411

-0.01882

-0.02352

-0.02823

-0.03763

-1.0

-0.03293

-1.0

3100.0

-0.004708

-0.009416

-0.01412

-0.01883

-0.02354

-0.02825

-0.03766

-1.0

-0.03295

-1.0

3104.0

-0.004712

-0.009423

-0.01413

-0.01885

-0.02356

-0.02827

-0.03769

-1.0

-0.03298

-1.0

3108.0

-0.004715

-0.00943

-0.01415

-0.01886

-0.02358

-0.02829

-0.03772

-1.0

-0.03301

-1.0

3112.0

-0.004719

-0.009438

-0.01416

-0.01888

-0.02359

-0.02831

-0.03775

-1.0

-0.03303

-1.0

3116.0

-0.004723

-0.009445

-0.01417

-0.01889

-0.02361

-0.02834

-0.03778

-1.0

-0.03306

-1.0

3120.0

-0.004727

-0.009453

-0.01418

-0.01891

-0.02363

-0.02836

-0.03781

-1.0

-0.03309

-1.0

3124.0

-0.00473

-0.009461

-0.01419

-0.01892

-0.02365

-0.02838

-0.03784

-1.0

-0.03311

-1.0

3128.0

-0.004734

-0.009468

-0.0142

-0.01894

-0.02367

-0.0284

-0.03787

-1.0

-0.03314

-1.0

3132.0

-0.004738

-0.009476

-0.01421

-0.01895

-0.02369

-0.02843

-0.0379

-1.0

-0.03317

-1.0

3136.0

-0.004742

-0.009484

-0.01423

-0.01897

-0.02371

-0.02845

-0.03794

-1.0

-0.03319

-1.0

3140.0

-0.004746

-0.009492

-0.01424

-0.01898

-0.02373

-0.02847

-0.03797

-1.0

-0.03322

-1.0

3144.0

-0.00475

-0.009499

-0.01425

-0.019

-0.02375

-0.0285

-0.038

-1.0

-0.03325

-1.0

3148.0

-0.004754

-0.009507

-0.01426

-0.01901

-0.02377

-0.02852

-0.03803

-1.0

-0.03328

-1.0

3152.0

-0.004758

-0.009515

-0.01427

-0.01903

-0.02379

-0.02855

-0.03806

-1.0

-0.0333

-1.0

3156.0

-0.004762

-0.009523

-0.01429

-0.01905

-0.02381

-0.02857

-0.03809

-1.0

-0.03333

-1.0

3160.0

-0.004766

-0.009532

-0.0143

-0.01906

-0.02383

-0.02859

-0.03813

-1.0

-0.03336

-1.0

3164.0

-0.00477

-0.00954

-0.01431

-0.01908

-0.02385

-0.02862

-0.03816

-1.0

-0.03339

-1.0

3168.0

-0.004774

-0.009548

-0.01432

-0.0191

-0.02387

-0.02864

-0.03819

-1.0

-0.03342

-1.0

3172.0

-0.004778

-0.009556

-0.01433

-0.01911

-0.02389

-0.02867

-0.03822

-1.0

-0.03345

-1.0

3176.0

-0.004782

-0.009564

-0.01435

-0.01913

-0.02391

-0.02869

-0.03826

-1.0

-0.03348

-1.0

3180.0

-0.004786

-0.009573

-0.01436

-0.01915

-0.02393

-0.02872

-0.03829

-1.0

-0.0335

-1.0

3184.0

-0.004791

-0.009581

-0.01437

-0.01916

-0.02395

-0.02874

-0.03832

-1.0

-0.03353

-1.0

3188.0

-0.004795

-0.00959

-0.01438

-0.01918

-0.02397

-0.02877

-0.03836

-1.0

-0.03356

-1.0

3192.0

-0.004799

-0.009598

-0.0144

-0.0192

-0.024

-0.02879

-0.03839

-1.0

-0.03359

-1.0

3196.0

-0.004803

-0.009607

-0.01441

-0.01921

-0.02402

-0.02882

-0.03843

-1.0

-0.03362

-1.0

3200.0

-0.004808

-0.009615

-0.01442

-0.01923

-0.02404

-0.02885

-0.03846

-1.0

-0.03365

-1.0

3204.0

-0.004812

-0.009624

-0.01444

-0.01925

-0.02406

-0.02887

-0.0385

-1.0

-0.03368

-1.0

3208.0

-0.004816

-0.009633

-0.01445

-0.01927

-0.02408

-0.0289

-0.03853

-1.0

-0.03371

-1.0

3212.0

-0.004821

-0.009641

-0.01446

-0.01928

-0.0241

-0.02892

-0.03857

-1.0

-0.03374

-1.0

3216.0

-0.004825

-0.00965

-0.01448

-0.0193

-0.02413

-0.02895

-0.0386

-1.0

-0.03378

-1.0

3220.0

-0.00483

-0.009659

-0.01449

-0.01932

-0.02415

-0.02898

-0.03864

-1.0

-0.03381

-1.0

3224.0

-0.004834

-0.009668

-0.0145

-0.01934

-0.02417

-0.029

-0.03867

-1.0

-0.03384

-1.0

3228.0

-0.004838

-0.009677

-0.01452

-0.01935

-0.02419

-0.02903

-0.03871

-1.0

-0.03387

-1.0

3232.0

-0.004843

-0.009686

-0.01453

-0.01937

-0.02422

-0.02906

-0.03874

-1.0

-0.0339

-1.0

3236.0

-0.004848

-0.009695

-0.01454

-0.01939

-0.02424

-0.02909

-0.03878

-1.0

-0.03393

-1.0

3240.0

-0.004852

-0.009704

-0.01456

-0.01941

-0.02426

-0.02911

-0.03882

-1.0

-0.03396

-1.0

3244.0

-0.004857

-0.009713

-0.01457

-0.01943

-0.02428

-0.02914

-0.03885

-1.0

-0.034

-1.0

3248.0

-0.004861

-0.009723

-0.01458

-0.01945

-0.02431

-0.02917

-0.03889

-1.0

-0.03403

-1.0

3252.0

-0.004866

-0.009732

-0.0146

-0.01946

-0.02433

-0.0292

-0.03893

-1.0

-0.03406

-1.0

3256.0

-0.004871

-0.009741

-0.01461

-0.01948

-0.02435

-0.02922

-0.03897

-1.0

-0.03409

-1.0

3260.0

-0.004875

-0.009751

-0.01463

-0.0195

-0.02438

-0.02925

-0.039

-1.0

-0.03413

-1.0

3264.0

-0.00488

-0.00976

-0.01464

-0.01952

-0.0244

-0.02928

-0.03904

-1.0

-0.03416

-1.0

3268.0

-0.004885

-0.00977

-0.01465

-0.01954

-0.02442

-0.02931

-0.03908

-1.0

-0.03419

-1.0

3272.0

-0.00489

-0.009779

-0.01467

-0.01956

-0.02445

-0.02934

-0.03912

-1.0

-0.03423

-1.0

3276.0

-0.004894

-0.009789

-0.01468

-0.01958

-0.02447

-0.02937

-0.03916

-1.0

-0.03426

-1.0

3280.0

-0.004899

-0.009798

-0.0147

-0.0196

-0.0245

-0.0294

-0.03919

-1.0

-0.03429

-1.0

3284.0

-0.004904

-0.009808

-0.01471

-0.01962

-0.02452

-0.02942

-0.03923

-1.0

-0.03433

-1.0

3288.0

-0.004909

-0.009818

-0.01473

-0.01964

-0.02454

-0.02945

-0.03927

-1.0

-0.03436

-1.0

3292.0

-0.004914

-0.009828

-0.01474

-0.01966

-0.02457

-0.02948

-0.03931

-1.0

-0.0344

-1.0

3296.0

-0.004919

-0.009838

-0.01476

-0.01968

-0.02459

-0.02951

-0.03935

-1.0

-0.03443

-1.0

3300.0

-0.004924

-0.009848

-0.01477

-0.0197

-0.02462

-0.02954

-0.03939

-1.0

-0.03447

-1.0

3304.0

-0.004929

-0.009857

-0.01479

-0.01971

-0.02464

-0.02957

-0.03943

-1.0

-0.0345

-1.0

3308.0

-0.004934

-0.009867

-0.0148

-0.01973

-0.02467

-0.0296

-0.03947

-1.0

-0.03454

-1.0

3312.0

-0.004939

-0.009878

-0.01482

-0.01976

-0.02469

-0.02963

-0.03951

-1.0

-0.03457

-1.0

3316.0

-0.004944

-0.009888

-0.01483

-0.01978

-0.02472

-0.02966

-0.03955

-1.0

-0.03461

-1.0

3320.0

-0.004949

-0.009898

-0.01485

-0.0198

-0.02474

-0.02969

-0.03959

-1.0

-0.03464

-1.0

3324.0

-0.004954

-0.009908

-0.01486

-0.01982

-0.02477

-0.02972

-0.03963

-1.0

-0.03468

-1.0

3328.0

-0.004959

-0.009918

-0.01488

-0.01984

-0.0248

-0.02976

-0.03967

-1.0

-0.03471

-1.0

3332.0

-0.004964

-0.009929

-0.01489

-0.01986

-0.02482

-0.02979

-0.03971

-1.0

-0.03475

-1.0

3336.0

-0.00497

-0.009939

-0.01491

-0.01988

-0.02485

-0.02982

-0.03976

-1.0

-0.03479

-1.0

3340.0

-0.004975

-0.00995

-0.01492

-0.0199

-0.02487

-0.02985

-0.0398

-1.0

-0.03482

-1.0

3344.0

-0.00498

-0.00996

-0.01494

-0.01992

-0.0249

-0.02988

-0.03984

-1.0

-0.03486

-1.0

3348.0

-0.004985

-0.009971

-0.01496

-0.01994

-0.02493

-0.02991

-0.03988

-1.0

-0.0349

-1.0

3352.0

-0.004991

-0.009981

-0.01497

-0.01996

-0.02495

-0.02994

-0.03992

-1.0

-0.03493

-1.0

3356.0

-0.004996

-0.009992

-0.01499

-0.01998

-0.02498

-0.02998

-0.03997

-1.0

-0.03497

-1.0

3360.0

-0.005001

-0.02001

-0.02501

-0.03001

-0.03501

-1.0

3364.0

-0.005007

-0.01001

-0.01502

-0.02003

-0.02503

-0.03004

-0.03505

-1.0

3368.0

-0.005012

-0.01002

-0.01504

-0.02005

-0.02506

-0.03007

-0.03508

-1.0

3372.0

-0.005017

-0.01003

-0.01505

-0.02007

-0.02509

-0.0301

-0.03512

-1.0

3376.0

-0.005023

-0.01005

-0.01507

-0.02009

-0.02511

-0.03014

-0.03516

-1.0

3380.0

-0.005028

-0.01006

-0.01509

-0.02011

-0.02514

-0.03017

-0.0352

-1.0

3384.0

-0.005034

-0.01007

-0.0151

-0.02014

-0.02517

-0.0302

-0.03524

-1.0

3388.0

-0.005039

-0.01008

-0.01512

-0.02016

-0.0252

-0.03024

-0.03528

-1.0

3392.0

-0.005045

-0.01009

-0.01514

-0.02018

-0.02523

-0.03027

-0.03532

-1.0

3396.0

-0.005051

-0.0101

-0.01515

-0.0202

-0.02525

-0.0303

-0.03535

-1.0

3400.0

-0.005056

-0.01011

-0.01517

-0.02022

-0.02528

-0.03034

-0.03539

-1.0

3404.0

-0.005062

-0.01012

-0.01519

-0.02025

-0.02531

-0.03037

-0.03543

-1.0

3408.0

-0.005068

-0.01014

-0.0152

-0.02027

-0.02534

-0.03041

-0.03547

-1.0

3412.0

-0.005073

-0.01015

-0.01522

-0.02029

-0.02537

-0.03044

-0.03551

-1.0

3416.0

-0.005079

-0.01016

-0.01524

-0.02032

-0.02539

-0.03047

-0.03555

-1.0

3420.0

-0.005085

-0.01017

-0.01525

-0.02034

-0.02542

-0.03051

-0.03559

-1.0

3424.0

-0.00509

-0.01018

-0.01527

-0.02036

-0.02545

-0.03054

-0.03563

-1.0

3428.0

-0.005096

-0.01019

-0.01529

-0.02038

-0.02548

-0.03058

-0.03567

-1.0

3432.0

-0.005102

-0.0102

-0.01531

-0.02041

-0.02551

-0.03061

-0.03571

-1.0

3436.0

-0.005108

-0.01022

-0.01532

-0.02043

-0.02554

-0.03065

-0.03576

-1.0

3440.0

-0.005114

-0.01023

-0.01534

-0.02045

-0.02557

-0.03068

-0.0358

-1.0

3444.0

-0.00512

-0.01024

-0.01536

-0.02048

-0.0256

-0.03072

-0.03584

-1.0

3448.0

-0.005125

-0.01025

-0.01538

-0.0205

-0.02563

-0.03075

-0.03588

-1.0

3452.0

-0.005131

-0.01026

-0.01539

-0.02052

-0.02566

-0.03079

-0.03592

-1.0

3456.0

-0.005137

-0.01027

-0.01541

-0.02055

-0.02569

-0.03082

-0.03596

-1.0

3460.0

-0.005143

-0.01029

-0.01543

-0.02057

-0.02571

-0.03086

-0.036

-1.0

3464.0

-0.005149

-0.0103

-0.01545

-0.0206

-0.02574

-0.03089

-0.03604

-1.0

3468.0

-0.005155

-0.01031

-0.01546

-0.02062

-0.02577

-0.03093

-0.03608

-1.0

3472.0

-0.00516

-0.01032

-0.01548

-0.02064

-0.0258

-0.03096

-0.03612

-1.0

3476.0

-0.005166

-0.01033

-0.0155

-0.02067

-0.02583

-0.031

-0.03616

-1.0

3480.0

-0.005172

-0.01034

-0.01552

-0.02069

-0.02586

-0.03103

-0.0362

-1.0

3484.0

-0.005178

-0.01036

-0.01553

-0.02071

-0.02589

-0.03107

-0.03625

-1.0

3488.0

-0.005184

-0.01037

-0.01555

-0.02074

-0.02592

-0.0311

-0.03629

-1.0

3492.0

-0.00519

-0.01038

-0.01557

-0.02076

-0.02595

-0.03114

-0.03633

-1.0

3496.0

-0.005195

-0.01039

-0.01559

-0.02078

-0.02598

-0.03117

-0.03637

-1.0

3500.0

-0.005201

-0.0104

-0.0156

-0.02081

-0.02601

-0.03121

-0.03641

-1.0

3504.0

-0.005207

-0.01041

-0.01562

-0.02083

-0.02604

-0.03124

-0.03645

-1.0

3508.0

-0.005214

-0.01043

-0.01564

-0.02086

-0.02607

-0.03129

-0.0365

-1.0

3512.0

-0.005222

-0.01044

-0.01567

-0.02089

-0.02611

-0.03133

-0.03656

-1.0

3516.0

-0.005231

-0.01046

-0.01569

-0.02092

-0.02616

-0.03139

-0.03662

-1.0

3520.0

-0.005241

-0.01048

-0.01572

-0.02096

-0.02621

-0.03145

-0.03669

-1.0

3524.0

-0.005252

-0.0105

-0.01576

-0.02101

-0.02626

-0.03151

-0.03676

-1.0

3528.0

-0.005264

-0.01053

-0.01579

-0.02105

-0.02632

-0.03158

-0.03685

-1.0

3532.0

-0.005276

-0.01055

-0.01583

-0.02111

-0.02638

-0.03166

-0.03693

-1.0

3536.0

-0.00529

-0.01058

-0.01587

-0.02116

-0.02645

-0.03174

-0.03703

-1.0

3540.0

-0.005304

-0.01061

-0.01591

-0.02122

-0.02652

-0.03183

-0.03713

-1.0

3544.0

-0.00532

-0.01064

-0.01596

-0.02128

-0.0266

-0.03192

-0.03724

-1.0

3548.0

-0.005337

-0.01067

-0.01601

-0.02135

-0.02668

-0.03202

-0.03736

-1.0

3552.0

-0.005354

-0.01071

-0.01606

-0.02142

-0.02677

-0.03212

-0.03748

-1.0

3556.0

-0.005372

-0.01074

-0.01612

-0.02149

-0.02686

-0.03223

-0.03761

-1.0

3560.0

-0.005392

-0.01078

-0.01618

-0.02157

-0.02696

-0.03235

-0.03774

-1.0

3564.0

-0.005412

-0.01082

-0.01624

-0.02165

-0.02706

-0.03247

-0.03789

-1.0

3568.0

-0.005434

-0.01087

-0.0163

-0.02173

-0.02717

-0.0326

-0.03803

-1.0

3572.0

-0.005456

-0.01091

-0.01637

-0.02182

-0.02728

-0.03274

-0.03819

-1.0

3576.0

-0.005479

-0.01096

-0.01644

-0.02192

-0.0274

-0.03287

-0.03835

-1.0

3580.0

-0.005503

-0.01101

-0.01651

-0.02201

-0.02752

-0.03302

-0.03852

-1.0

3584.0

-0.005528

-0.01106

-0.01658

-0.02211

-0.02764

-0.03317

-0.0387

-1.0

3588.0

-0.005553

-0.01111

-0.01666

-0.02221

-0.02777

-0.03332

-0.03887

-1.0

3592.0

-0.005578

-0.01116

-0.01673

-0.02231

-0.02789

-0.03347

-0.03905

-1.0

3596.0

-0.005603

-0.01121

-0.01681

-0.02241

-0.02801

-0.03362

-0.03922

-1.0

3600.0

-0.005628

-0.01126

-0.01688

-0.02251

-0.02814

-0.03377

-0.03939

-1.0

3604.0

-0.005653

-0.01131

-0.01696

-0.02261

-0.02826

-0.03392

-0.03957

-1.0

3608.0

-0.005678

-0.01136

-0.01703

-0.02271

-0.02839

-0.03407

-0.03974

-1.0

3612.0

-0.005702

-0.0114

-0.01711

-0.02281

-0.02851

-0.03421

-0.03992

-1.0

3616.0

-0.005727

-0.01145

-0.01718

-0.02291

-0.02864

-0.03436

3620.0

-0.005752

-0.0115

-0.01726

-0.02301

-0.02876

-0.03451
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3784.0

-0.006787

-0.01357

-0.02036

-0.02715

-0.03393

3788.0

-0.006812

-0.01362

-0.02044
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-0.02787
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-0.02881
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-0.01097

-0.02195

-0.03292

4392.0

-0.011

-0.022

-0.03301

4396.0

-0.01103

-0.02206

-0.0331

4400.0

-0.01106

-0.02212

-0.03319

4404.0

-0.01109

-0.02218

-0.03328

4408.0

-0.01112

-0.02224

-0.03336

4412.0

-0.01115

-0.0223

-0.03345

4416.0

-0.01118

-0.02236

-0.03354

4420.0

-0.01121

-0.02242

-0.03363

4424.0

-0.01124

-0.02248

-0.03372

4428.0

-0.01127

-0.02254

-0.03381

4432.0

-0.0113

-0.0226

-0.0339

4436.0

-0.01133

-0.02266

-0.03399

4440.0

-0.01136

-0.02272

-0.03408

4444.0

-0.01139

-0.02278

-0.03417

4448.0

-0.01142

-0.02284

-0.03426

4452.0

-0.01145

-0.0229

-0.03435

4456.0

-0.01148

-0.02296

-0.03444

4460.0

-0.01151

-0.02302

-0.03453

4464.0

-0.01154

-0.02308

-0.03463

4468.0

-0.01157

-0.02314

-0.03472

4472.0

-0.0116

-0.0232

-0.03481

4476.0

-0.01163

-0.02326

-0.0349

4480.0

-0.01166

-0.02333

-0.03499

4484.0

-0.01169

-0.02339

-0.03508

4488.0

-0.01172

-0.02345

-0.03517

4492.0

-0.01175

-0.02351

-0.03526

4496.0

-0.01178

-0.02357

-0.03535

4500.0

-0.01181

-0.02363

-0.03544

4504.0

-0.01184

-0.02369

-0.03553

4508.0

-0.01188

-0.02375

-0.03563

4512.0

-0.01191

-0.02381

-0.03572

4516.0

-0.01194

-0.02387

-0.03581

4520.0

-0.01197

-0.02393

-0.0359

4524.0

-0.012

-0.024

-0.03599

4528.0

-0.01203

-0.02406

-0.03608

4532.0

-0.01206

-0.02412

-0.03618

4536.0

-0.01209

-0.02418

-0.03627

4540.0

-0.01212

-0.02424

-0.03636

4544.0

-0.01215

-0.0243

-0.03645

4548.0

-0.01218

-0.02436

-0.03654

4552.0

-0.01221

-0.02442

-0.03664

4556.0

-0.01224

-0.02449

-0.03673

4560.0

-0.01227

-0.02455

-0.03682

4564.0

-0.0123

-0.02461

-0.03691

4568.0

-0.01234

-0.02467

-0.03701

4572.0

-0.01237

-0.02473

-0.0371

4576.0

-0.0124

-0.02479

-0.03719

4580.0

-0.01243

-0.02486

-0.03728

4584.0

-0.01246

-0.02492

-0.03738

4588.0

-0.01249

-0.02498

-0.03747

4592.0

-0.01252

-0.02504

-0.03756

4596.0

-0.01255

-0.0251

-0.03766

4600.0

-0.01258

-0.02517

-0.03775

4604.0

-0.01261

-0.02523

-0.03784

4608.0

-0.01264

-0.02529

-0.03793

4612.0

-0.01268

-0.02535

-0.03803

4616.0

-0.01271

-0.02541

-0.03812

4620.0

-0.01274

-0.02547

-0.03821

4624.0

-0.01277

-0.02554

-0.0383

4628.0

-0.0128

-0.0256

-0.0384

4632.0

-0.01283

-0.02566

-0.03849

4636.0

-0.01286

-0.02572

-0.03858

4640.0

-0.01289

-0.02578

-0.03867

4644.0

-0.01292

-0.02584

-0.03877

4648.0

-0.01295

-0.02591

-0.03886

4652.0

-0.01298

-0.02597

-0.03895

4656.0

-0.01301

-0.02603

-0.03904

4660.0

-0.01305

-0.02609

-0.03914

4664.0

-0.01308

-0.02615

-0.03923

4668.0

-0.01311

-0.02622

-0.03932

4672.0

-0.01314

-0.02628

-0.03942

4676.0

-0.01317

-0.02634

-0.03951

4680.0

-0.0132

-0.0264

-0.0396

4684.0

-0.01323

-0.02646

-0.03969

4688.0

-0.01326

-0.02652

-0.03978

4692.0

-0.01329

-0.02657

-0.03986

4696.0

-0.01331

-0.02662

-0.03993

4700.0

-0.01333

-0.02666

-0.03999

4704.0

-0.01335

-0.0267

4708.0

-0.01337

-0.02673

4712.0

-0.01338

-0.02676

4716.0

-0.01339

-0.02678

4720.0

-0.0134

-0.0268

4724.0

-0.01341

-0.02682

4728.0

-0.01341

-0.02683

4732.0

-0.01342

-0.02683

4736.0

-0.01342

-0.02683

4740.0

-0.01341

-0.02683

4744.0

-0.01341

-0.02682

4748.0

-0.0134

-0.0268

4752.0

-0.01339

-0.02678

4756.0

-0.01338

-0.02676

4760.0

-0.01336

-0.02673

4764.0

-0.01335

-0.0267

4768.0

-0.01333

-0.02667

4772.0

-0.01332

-0.02664

4776.0

-0.0133

-0.02661

4780.0

-0.01329

-0.02657

4784.0

-0.01327

-0.02654

4788.0

-0.01326

-0.02651

4792.0

-0.01324

-0.02648

4796.0

-0.01323

-0.02645

4800.0

-0.01321

-0.02642

4804.0

-0.01319

-0.02639

4808.0

-0.01318

-0.02636

4812.0

-0.01316

-0.02633

4816.0

-0.01315

-0.0263

4820.0

-0.01313

-0.02627

4824.0

-0.01312

-0.02623

4828.0

-0.0131

-0.0262

4832.0

-0.01309

-0.02617

4836.0

-0.01307

-0.02614

4840.0

-0.01306

-0.02611

4844.0

-0.01304

-0.02608

4848.0

-0.01302

-0.02605

4852.0

-0.01301

-0.02602

4856.0

-0.01299

-0.02599

4860.0

-0.01298

-0.02596

4864.0

-0.01296

-0.02593

4868.0

-0.01295

-0.02589

4872.0

-0.01293

-0.02586

4876.0

-0.01292

-0.02584

4880.0

-0.0129

-0.0258

4884.0

-0.01289

-0.02577

4888.0

-0.01287

-0.02574

4892.0

-0.01286

-0.02571

4896.0

-0.01284

-0.02568

4900.0

-0.01283

-0.02565

4904.0

-0.01281

-0.02562

4908.0

-0.0128

-0.02559

4912.0

-0.01278

-0.02556

4916.0

-0.01276

-0.02553

4920.0

-0.01275

-0.0255

4924.0

-0.01273

-0.02547

4928.0

-0.01272

-0.02544

4932.0

-0.0127

-0.02541

4936.0

-0.01269

-0.02538

4940.0

-0.01267

-0.02535

4944.0

-0.01266

-0.02532

4948.0

-0.01264

-0.02529

4952.0

-0.01263

-0.02526

4956.0

-0.01261

-0.02523

4960.0

-0.0126

-0.0252

4964.0

-0.01258

-0.02517

4968.0

-0.01257

-0.02514

4972.0

-0.01255

-0.02511

4976.0

-0.01254

-0.02508

4980.0

-0.01253

-0.02505

4984.0

-0.01251

-0.02502

-0.02499

4992.0

-0.01248

-0.02496

4996.0

-0.01247

-0.02493

5000.0

-0.01245

-0.0249

5004.0

-0.01244

-0.02487

5008.0

-0.01242

-0.02484

5012.0

-0.01241

-0.02482

5016.0

-0.01239

-0.02479

5020.0

-0.01238

-0.02476

5024.0

-0.01236

-0.02473

5028.0

-0.01235

-0.0247

5032.0

-0.01234

-0.02467

5036.0

-0.01232

-0.02464

5040.0

-0.01231

-0.02461

5044.0

-0.01229

-0.02458

5048.0

-0.01228

-0.02456

5052.0

-0.01226

-0.02453

5056.0

-0.01225

-0.0245

5060.0

-0.01224

-0.02447

5064.0

-0.01222

-0.02444

5068.0

-0.01221

-0.02441

5072.0

-0.01219

-0.02439

5076.0

-0.01218

-0.02436

5080.0

-0.01216

-0.02433

5084.0

-0.01215

-0.0243

5088.0

-0.01214

-0.02427

5092.0

-0.01212

-0.02424

5096.0

-0.01211

-0.02422

5100.0

-0.01209

-0.02419

5104.0

-0.01208

-0.02416

5108.0

-0.01207

-0.02413

5112.0

-0.01205

-0.0241

5116.0

-0.01204

-0.02408

5120.0

-0.01202

-0.02405

5124.0

-0.01201

-0.02402

5128.0

-0.012

-0.02399

5132.0

-0.01198

-0.02397

5136.0

-0.01197

-0.02394

5140.0

-0.01196

-0.02391

5144.0

-0.01194

-0.02388

5148.0

-0.01193

-0.02386

5152.0

-0.01191

-0.02383

5156.0

-0.0119

-0.0238

5160.0

-0.01189

-0.02377

5164.0

-0.01187

5168.0

-0.01186

-0.02372

5172.0

-0.01185

-0.02369

5176.0

-0.01183

-0.02367

5180.0

-0.01182

-0.02364

5184.0

-0.01181

-0.02361

5188.0

-0.01179

-0.02359

5192.0

-0.01178

-0.02356

5196.0

-0.01177

-0.02353

5200.0

-0.01175

-0.02351

5204.0

-0.01174

-0.02348

5208.0

-0.01173

-0.02345

5212.0

-0.01171

-0.02343

5216.0

-0.0117

-0.0234

5220.0

-0.01169

-0.02337

5224.0

-0.01167

-0.02335

5228.0

-0.01166

-0.02332

5232.0

-0.01165

-0.02329

5236.0

-0.01163

-0.02327

5240.0

-0.01162

-0.02324

5244.0

-0.01161

-0.02322

5248.0

-0.01159

-0.02319

5252.0

-0.01158

-0.02316

5256.0

-0.01157

-0.02314

5260.0

-0.01156

-0.02311

5264.0

-0.01154

-0.02309

5268.0

-0.01153

-0.02306

5272.0

-0.01152

-0.02303

5276.0

-0.0115

-0.02301

5280.0

-0.01149

-0.02298

5284.0

-0.01148

-0.02296

5288.0

-0.01147

-0.02293

5292.0

-0.01145

-0.02291

5296.0

-0.01144

-0.02288

5300.0

-0.01143

-0.02286

5304.0

-0.01142

-0.02283

5308.0

-0.0114

-0.02281

5312.0

-0.01139

-0.02278

5316.0

-0.01138

-0.02276

5320.0

-0.01137

-0.02273

5324.0

-0.01135

-0.02271

5328.0

-0.01134

-0.02268

5332.0

-0.01133

-0.02266

5336.0

-0.01132

-0.02263

5340.0

-0.0113

-0.02261

5344.0

-0.01129

-0.02258

5348.0

-0.01128

-0.02256

5352.0

-0.01127

-0.02253

-0.02251

5360.0

-0.01124

-0.02248

5364.0

-0.01123

-0.02246

5368.0

-0.01122

-0.02243

5372.0

-0.0112

-0.02241

5376.0

-0.01119

-0.02238

5380.0

-0.01118

-0.02236

5384.0

-0.01117

-0.02234

5388.0

-0.01116

-0.02231

5392.0

-0.01114

-0.02229

5396.0

-0.01113

-0.02226

5400.0

-0.01112

-0.02224

5404.0

-0.01111

-0.02221

5408.0

-0.0111

-0.02219

5412.0

-0.01108

-0.02217

5416.0

-0.01107

-0.02214

5420.0

-0.01106

-0.02212

5424.0

-0.01105

-0.0221

5428.0

-0.01104

-0.02207

5432.0

-0.01102

-0.02205

5436.0

-0.01101

-0.02202

5440.0

-0.011

-0.022

5444.0

-0.01099

-0.02198

5448.0

-0.01098

-0.02195

5452.0

-0.01097

-0.02193

5456.0

-0.01095

-0.02191

5460.0

-0.01094

-0.02188

5464.0

-0.01093

-0.02186

5468.0

-0.01092

-0.02184

5472.0

-0.01091

-0.02181

5476.0

-0.0109

-0.02179

5480.0

-0.01088

-0.02177

5484.0

-0.01087

-0.02175

5488.0

-0.01086

-0.02172

5492.0

-0.01085

-0.0217

5496.0

-0.01084

-0.02168

5500.0

-0.01083

-0.02165

5504.0

-0.01082

-0.02163

5508.0

-0.0108

-0.02161

5512.0

-0.01079

-0.02159

5516.0

-0.01078

-0.02156

5520.0

-0.01077

-0.02154

5524.0

-0.01076

-0.02152

5528.0

-0.01075

-0.0215

5532.0

-0.01074

-0.02147

5536.0

-0.01073

-0.02145

5540.0

-0.01071

-0.02143

5544.0

-0.0107

-0.02141

5548.0

-0.01069

-0.02139

5552.0

-0.01068

-0.02136

5556.0

-0.01067

-0.02134

5560.0

-0.01066

-0.02132

5564.0

-0.01065

-0.0213

5568.0

-0.01064

-0.02128

5572.0

-0.01063

5576.0

-0.01062

-0.02123

5580.0

-0.01061

-0.02121

5584.0

-0.01059

-0.02119

5588.0

-0.01058

-0.02117

5592.0

-0.01057

-0.02115

5596.0

-0.01056

-0.02112

5600.0

-0.01055

-0.0211

5604.0

-0.01054

-0.02108

5608.0

-0.01053

-0.02106

5612.0

-0.01052

-0.02104

5616.0

-0.01051

-0.02102

5620.0

-0.0105

-0.021

5624.0

-0.01049

-0.02098

5628.0

-0.01048

-0.02095

5632.0

-0.01047

-0.02093

5636.0

-0.01046

-0.02091

5640.0

-0.01045

-0.02089

5644.0

-0.01044

-0.02087

5648.0

-0.01042

-0.02085

5652.0

-0.01041

-0.02083

5656.0

-0.0104

-0.02081

5660.0

-0.01039

-0.02079

5664.0

-0.01038

-0.02077

5668.0

-0.01037

-0.02075

5672.0

-0.01036

-0.02073

5676.0

-0.01035

-0.02071

5680.0

-0.01034

-0.02068

5684.0

-0.01033

-0.02066

5688.0

-0.01032

-0.02064

5692.0

-0.01031

-0.02062

5696.0

-0.0103

-0.0206

5700.0

-0.01029

-0.02058

5704.0

-0.01028

-0.02056

5708.0

-0.01027

-0.02054

5712.0

-0.01026

-0.02052

5716.0

-0.01025

-0.0205

5720.0

-0.01024

-0.02048

5724.0

-0.01023

-0.02046

5728.0

-0.01022

-0.02044

5732.0

-0.01021

-0.02042

5736.0

-0.0102

-0.0204

5740.0

-0.01019

-0.02038

5744.0

-0.01018

-0.02037

5748.0

-0.01017

-0.02035

5752.0

-0.01016

-0.02033

5756.0

-0.01015

-0.02031

5760.0

-0.01014

-0.02029

5764.0

-0.01013

-0.02027

5768.0

-0.01012

-0.02025

5772.0

-0.01011

-0.02023

5776.0

-0.01011

-0.02021

5780.0

-0.0101

-0.02019

5784.0

-0.01009

-0.02017

5788.0

-0.01008

-0.02015

5792.0

-0.01007

-0.02013

5796.0

-0.01006

-0.02012

5800.0

-0.01005

-0.0201

5804.0

-0.01004

-0.02008

5808.0

-0.01003

-0.02006

5812.0

-0.01002

-0.02004

5816.0

-0.01001

-0.02002

5824.0

-0.009992

-0.01998

5828.0

-0.009982

-0.01996

5832.0

-0.009973

-0.01995

5836.0

-0.009963

-0.01993

5840.0

-0.009954

-0.01991

5844.0

-0.009945

-0.01989

5848.0

-0.009935

-0.01987

5852.0

-0.009926

-0.01985

5856.0

-0.009916

-0.01983

5860.0

-0.009907

-0.01981

5864.0

-0.009898

-0.0198

5868.0

-0.009891

-0.01978

5872.0

-0.009885

-0.01977

5876.0

-0.009881

-0.01976

5880.0

-0.00988

-0.01976

5884.0

-0.00988

-0.01976

5888.0

-0.009881

-0.01976

5892.0

-0.009885

-0.01977

5896.0

-0.00989

-0.01978

5900.0

-0.009897

-0.01979

5904.0

-0.009906

-0.01981

5908.0

-0.009916

-0.01983

5912.0

-0.009929

-0.01986

5916.0

-0.009943

-0.01989

5920.0

-0.009959

-0.01992

5924.0

-0.009977

-0.01995

5928.0

-0.009996

-0.01999

5932.0

-0.01002

-0.02004

5936.0

-0.01004

-0.02008

5940.0

-0.01007

-0.02013

5944.0

-0.01009

-0.02018

5948.0

-0.01012

-0.02024

5952.0

-0.01014

-0.02029

5956.0

-0.01017

-0.02034

5960.0

-0.0102

-0.02039

5964.0

-0.01022

-0.02044

5968.0

-0.01025

-0.0205

5972.0

-0.01027

-0.02055

5976.0

-0.0103

-0.0206

5980.0

-0.01033

-0.02065

5984.0

-0.01035

-0.0207

5988.0

-0.01038

-0.02076

5992.0

-0.0104

-0.02081

5996.0

-0.01043

-0.02086

6000.0

-0.01046

-0.02091

6004.0

-0.01048

-0.02097

6008.0

-0.01051

-0.02102

6012.0

-0.01053

-0.02107

6016.0

-0.01056

-0.02112

6020.0

-0.01059

-0.02117

6024.0

-0.01061

-0.02123

6028.0

-0.01064

-0.02128

6032.0

-0.01067

-0.02133

6036.0

-0.01069

-0.02138

6040.0

-0.01072

-0.02144

6044.0

-0.01074

-0.02149

6048.0

-0.01077

-0.02154

6052.0

-0.0108

-0.02159

6056.0

-0.01082

-0.02165

6060.0

-0.01085

-0.0217

6064.0

-0.01088

-0.02175

6068.0

-0.0109

-0.0218

6072.0

-0.01093

-0.02186

6076.0

-0.01096

-0.02191

6080.0

-0.01098

-0.02196

6084.0

-0.01101

-0.02202

6088.0

-0.01103

-0.02207

6092.0

-0.01106

-0.02212

6096.0

-0.01109

-0.02218

6100.0

-0.01111

-0.02223

6104.0

-0.01114

-0.02228

6108.0

-0.01117

-0.02234

6112.0

-0.01119

-0.02239

6116.0

-0.01122

-0.02244

6124.0

-0.01127

-0.02255

6128.0

-0.0113

-0.0226

6132.0

-0.01133

-0.02266

6136.0

-0.01136

-0.02271

6140.0

-0.01138

-0.02276

6144.0

-0.01141

-0.02282

6148.0

-0.01144

-0.02287

6152.0

-0.01146

-0.02293

6156.0

-0.01149

-0.02298

6160.0

-0.01152

-0.02303

6164.0

-0.01154

-0.02309

6168.0

-0.01157

-0.02314

6172.0

-0.0116

-0.0232

6176.0

-0.01163

-0.02325

6180.0

-0.01165

-0.02331

6184.0

-0.01168

-0.02336

6188.0

-0.01171

-0.02341

6192.0

-0.01173

-0.02347

6196.0

-0.01176

-0.02352

6200.0

-0.01179

-0.02358

6204.0

-0.01182

-0.02363

6208.0

-0.01184

-0.02369

6212.0

-0.01187

-0.02374

6216.0

-0.0119

-0.0238

6220.0

-0.01193

-0.02385

6224.0

-0.01195

-0.02391

6228.0

-0.01198

-0.02396

6232.0

-0.01201

-0.02402

6236.0

-0.01204

-0.02407

6240.0

-0.01206

-0.02413

6244.0

-0.01209

-0.02418

6248.0

-0.01212

-0.02424

6252.0

-0.01215

-0.02429

6256.0

-0.01217

-0.02435

6260.0

-0.0122

-0.0244

6264.0

-0.01223

-0.02446

6268.0

-0.01226

-0.02451

6272.0

-0.01228

-0.02457

6276.0

-0.01231

-0.02462

6280.0

-0.01234

-0.02468

6284.0

-0.01237

-0.02474

6288.0

-0.0124

-0.02479

6292.0

-0.01242

-0.02485

6296.0

-0.01245

-0.0249

6300.0

-0.01248

-0.02496

6304.0

-0.01251

-0.02501

6308.0

-0.01254

-0.02507

6312.0

-0.01256

-0.02513

6316.0

-0.01259

-0.02518

6320.0

-0.01262

-0.02524

6324.0

-0.01265

-0.0253

6328.0

-0.01268

-0.02535

6332.0

-0.0127

-0.02541

6336.0

-0.01273

-0.02546

6340.0

-0.01276

-0.02552

6344.0

-0.01279

-0.02558

6348.0

-0.01282

-0.02563

6352.0

-0.01284

-0.02569

6356.0

-0.01287

-0.02575

6360.0

-0.0129

-0.0258

6364.0

-0.01293

-0.02586

6368.0

-0.01296

-0.02592

6372.0

-0.01299

-0.02597

6376.0

-0.01302

-0.02603

6380.0

-0.01304

-0.02609

6384.0

-0.01307

-0.02614

6388.0

-0.0131

-0.0262

6392.0

-0.01313

-0.02626

6396.0

-0.01316

-0.02632

6400.0

-0.01319

-0.02637

6404.0

-0.01321

-0.02643

6408.0

-0.01324

-0.02649

6412.0

-0.01327

-0.02654

6416.0

-0.0133

-0.0266

6420.0

-0.01333

-0.02666

6424.0

-0.01336

-0.02672

6428.0

-0.01339

-0.02677

6432.0

-0.01342

-0.02683

6436.0

-0.01344

-0.02689

6440.0

-0.01347

-0.02695

6444.0

-0.0135

-0.02701

6448.0

-0.01353

-0.02706

6452.0

-0.01356

-0.02712

6456.0

-0.01359

-0.02718

6460.0

-0.01362

-0.02724

6464.0

-0.01365

-0.02729

6468.0

-0.01368

-0.02735

6472.0

-0.01371

-0.02741

6476.0

-0.01373

-0.02747

6480.0

-0.01376

-0.02753

6484.0

-0.01379

-0.02759

6488.0

-0.01382

-0.02764

6492.0

-0.01385

-0.0277

6496.0

-0.01388

-0.02776

6500.0

-0.01391

-0.02782

6504.0

-0.01394

-0.02788

6508.0

-0.01397

-0.02794

6512.0

-0.014

-0.02799

6516.0

-0.01403

-0.02805

6520.0

-0.01406

-0.02811

6524.0

-0.01409

-0.02817

6528.0

-0.01412

-0.02823

6532.0

-0.01414

-0.02829

6536.0

-0.01417

-0.02835

6540.0

-0.0142

-0.02841

6544.0

-0.01423

-0.02847

6548.0

-0.01426

-0.02853

6552.0

-0.01429

-0.02858

6556.0

-0.01432

-0.02864

6560.0

-0.01435

-0.0287

6564.0

-0.01438

-0.02876

6568.0

-0.01441

-0.02882

6572.0

-0.01444

-0.02888

6576.0

-0.01447

-0.02894

6580.0

-0.0145

-0.029

6584.0

-0.01453

-0.02906

6588.0

-0.01456

-0.02912

6592.0

-0.01459

-0.02918

6596.0

-0.01462

-0.02924

6600.0

-0.01465

-0.0293

6604.0

-0.01468

-0.02936

6608.0

-0.01471

-0.02942

6612.0

-0.01474

-0.02948

6616.0

-0.01477

-0.02954

6620.0

-0.0148

-0.0296

6624.0

-0.01483

-0.02966

6628.0

-0.01486

-0.02972

6632.0

-0.01489

-0.02978

6636.0

-0.01492

-0.02984

6640.0

-0.01495

-0.0299

6644.0

-0.01498

-0.02996

6648.0

-0.01501

-0.03002

6652.0

-0.01504

-0.03008

6656.0

-0.01507

-0.03014

6660.0

-0.0151

-0.0302

6664.0

-0.01513

-0.03026

6668.0

-0.01516

-0.03032

6672.0

-0.01519

-0.03038

6676.0

-0.01522

-0.03044

6680.0

-0.01525

-0.03051

6684.0

-0.01528

-0.03057

6688.0

-0.01531

-0.03063

6692.0

-0.01534

-0.03069

6696.0

-0.01537

-0.03075

6700.0

-0.01541

-0.03081

6704.0

-0.01544

-0.03087

6708.0

-0.01547

-0.03093

6712.0

-0.0155

-0.03099

6716.0

-0.01553

-0.03105

6720.0

-0.01556

-0.03112

6724.0

-0.01559

-0.03118

6728.0

-0.01562

-0.03124

6732.0

-0.01565

-0.0313

6736.0

-0.01568

-0.03136

6740.0

-0.01571

-0.03142

6744.0

-0.01574

-0.03149

6748.0

-0.01577

-0.03155

6752.0

-0.0158

-0.03161

6756.0

-0.01584

-0.03167

6760.0

-0.01587

-0.03173

6764.0

-0.0159

-0.03179

6768.0

-0.01593

-0.03186

6772.0

-0.01596

-0.03192

6776.0

-0.01599

-0.03198

6780.0

-0.01602

-0.03204

6784.0

-0.01605

-0.03211

6788.0

-0.01608

-0.03217

6792.0

-0.01611

-0.03223

6796.0

-0.01615

-0.03229

6800.0

-0.01618

-0.03235

6804.0

-0.01621

-0.03242

6808.0

-0.01624

-0.03248

6812.0

-0.01627

-0.03254

6816.0

-0.0163

-0.0326

6820.0

-0.01633

-0.03267

6824.0

-0.01636

-0.03273

6828.0

-0.0164

-0.03279

6832.0

-0.01643

-0.03286

6836.0

-0.01646

-0.03292

6840.0

-0.01649

-0.03298

6844.0

-0.01652

-0.03304

6848.0

-0.01655

-0.03311

6852.0

-0.01659

-0.03317

6856.0

-0.01662

-0.03323

6860.0

-0.01665

-0.0333

6864.0

-0.01668

-0.03336

6868.0

-0.01671

-0.03342

6872.0

-0.01674

-0.03349

6876.0

-0.01677

-0.03355

6880.0

-0.01681

-0.03361

6884.0

-0.01684

-0.03368

6888.0

-0.01687

-0.03374

6892.0

-0.0169

-0.0338

6896.0

-0.01693

-0.03387

6900.0

-0.01697

-0.03393

6904.0

-0.017

-0.034

6908.0

-0.01703

-0.03406

6912.0

-0.01706

-0.03412

6916.0

-0.01709

-0.03419

6920.0

-0.01713

-0.03425

6924.0

-0.01716

-0.03431

6928.0

-0.01719

-0.03438

6932.0

-0.01722

-0.03444

6936.0

-0.01725

-0.03451

6940.0

-0.01729

-0.03457

6944.0

-0.01732

-0.03464

6948.0

-0.01735

-0.0347

6952.0

-0.01738

-0.03476

6956.0

-0.01741

-0.03483

6960.0

-0.01745

-0.03489

6964.0

-0.01748

-0.03496

6968.0

-0.01751

-0.03502

6972.0

-0.01754

-0.03508

6976.0

-0.01757

-0.03515

6980.0

-0.01761

-0.03521

6984.0

-0.01764

-0.03528

6988.0

-0.01767

-0.03534

6992.0

-0.0177

-0.0354

6996.0

-0.01773

-0.03547

7000.0

-0.01777

-0.03553

7004.0

-0.0178

-0.0356

7008.0

-0.01783

-0.03566

7012.0

-0.01786

-0.03573

7016.0

-0.01789

-0.03579

7020.0

-0.01793

-0.03585

7024.0

-0.01796

-0.03592

7028.0

-0.01799

-0.03598

7032.0

-0.01802

-0.03605

7036.0

-0.01806

-0.03611

7040.0

-0.01809

-0.03617

7044.0

-0.01812

-0.03624

7048.0

-0.01815

-0.03629

7052.0

-0.01817

-0.03635

7056.0

-0.01819

-0.03639

7060.0

-0.01821

-0.03643

7064.0

-0.01823

-0.03646

7068.0

-0.01824

-0.03648

7072.0

-0.01825

-0.0365

7076.0

-0.01826

-0.03652

7080.0

-0.01826

-0.03652

7084.0

-0.01826

-0.03652

7088.0

-0.01826

-0.03651

7092.0

-0.01825

-0.0365

7096.0

-0.01824

-0.03648

7100.0

-0.01822

-0.03645

7104.0

-0.01821

-0.03641

7108.0

-0.01819

-0.03637

7112.0

-0.01816

-0.03633

7116.0

-0.01814

-0.03627

7120.0

-0.01811

-0.03622

7124.0

-0.01808

-0.03615

7128.0

-0.01805

-0.03609

7132.0

-0.01801

-0.03603

7136.0

-0.01798

-0.03597

7140.0

-0.01795

-0.0359

7144.0

-0.01792

-0.03584

7148.0

-0.01789

-0.03578

7152.0

-0.01786

-0.03572

7156.0

-0.01783

-0.03566

7160.0

-0.0178

-0.03559

7164.0

-0.01777

-0.03553

7168.0

-0.01773

-0.03547

7172.0

-0.0177

-0.03541

7176.0

-0.01767

-0.03534

7180.0

-0.01764

-0.03528

7184.0

-0.01761

-0.03522

7188.0

-0.01758

-0.03516

7192.0

-0.01755

-0.0351

7196.0

-0.01752

-0.03503

7200.0

-0.01749

-0.03497

7204.0

-0.01745

-0.03491

7208.0

-0.01742

-0.03485

7212.0

-0.01739

-0.03479

7216.0

-0.01736

-0.03472

7220.0

-0.01733

-0.03466

7224.0

-0.0173

-0.0346

7228.0

-0.01727

-0.03454

7232.0

-0.01724

-0.03447

7236.0

-0.01721

-0.03442

7240.0

-0.01718

-0.03436

7244.0

-0.01715

-0.03429

7248.0

-0.01712

-0.03423

7252.0

-0.01709

-0.03417

7256.0

-0.01705

-0.03411

7260.0

-0.01702

-0.03405

7264.0

-0.01699

-0.03399

7268.0

-0.01696

-0.03392

7272.0

-0.01693

-0.03386

7276.0

-0.0169

-0.0338

7280.0

-0.01687

-0.03374

7284.0

-0.01684

-0.03368

7288.0

-0.01681

-0.03362

7292.0

-0.01678

-0.03355

7296.0

-0.01675

-0.03349

7300.0

-0.01672

-0.03343

7304.0

-0.01669

-0.03337

7308.0

-0.01665

-0.03331

7312.0

-0.01662

-0.03325

7316.0

-0.01659

-0.03319

7320.0

-0.01656

-0.03313

7324.0

-0.01653

-0.03306

7328.0

-0.0165

-0.033

7332.0

-0.01647

-0.03294

7336.0

-0.01644

-0.03288

7340.0

-0.01641

-0.03282

7344.0

-0.01638

-0.03276

7348.0

-0.01635

-0.0327

7352.0

-0.01632

-0.03264

7356.0

-0.01629

-0.03258

7360.0

-0.01626

-0.03252

7364.0

-0.01623

-0.03246

7368.0

-0.0162

-0.0324

7372.0

-0.01617

-0.03234

7376.0

-0.01614

-0.03228

7380.0

-0.01611

-0.03222

7384.0

-0.01608

-0.03216

7388.0

-0.01605

-0.0321

7392.0

-0.01602

-0.03204

7396.0

-0.01599

-0.03198

7400.0

-0.01596

-0.03192

7404.0

-0.01593

-0.03186

7408.0

-0.0159

-0.0318

7412.0

-0.01587

-0.03174

7416.0

-0.01584

-0.03168

7420.0

-0.01581

-0.03162

7424.0

-0.01578

-0.03156

7428.0

-0.01575

-0.0315

7432.0

-0.01572

-0.03144

7436.0

-0.01569

-0.03138

7440.0

-0.01566

-0.03132

7444.0

-0.01563

-0.03126

7448.0

-0.0156

-0.0312

7452.0

-0.01557

-0.03114

7456.0

-0.01554

-0.03108

7460.0

-0.01551

-0.03102

7464.0

-0.01548

-0.03096

7468.0
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10656.0

-0.005815

-0.01163

10660.0

-0.00581

-0.01162

10664.0

-0.005805

-0.01161

10668.0

-0.0058

-0.0116

10672.0

-0.005796

-0.01159

10676.0

-0.005791

-0.01158

10680.0

-0.005786

-0.01157

10684.0

-0.005781

-0.01156

10688.0

-0.005777

-0.01155

10692.0

-0.005772

-0.01154

10696.0

-0.005767

-0.01153

10700.0

-0.005763

-0.01153

10704.0

-0.005758

-0.01152

10708.0

-0.005753

-0.01151

10712.0

-0.005748

-0.0115

10716.0

-0.005744

-0.01149

10720.0

-0.005739

-0.01148

10724.0

-0.005734

-0.01147

10728.0

-0.00573

-0.01146

10732.0

-0.005725

-0.01145

10736.0

-0.00572

-0.01144

10740.0

-0.005716

-0.01143

10744.0

-0.005711

-0.01142

10748.0

-0.005706

-0.01141

10752.0

-0.005702

-0.0114

10756.0

-0.005697

-0.01139

10760.0

-0.005693

-0.01139

10764.0

-0.005688

-0.01138

10768.0

-0.005684

-0.01137

10772.0

-0.005679

-0.01136

10776.0

-0.005675

-0.01135

10780.0

-0.00567

-0.01134

10784.0

-0.005666

-0.01133

10788.0

-0.005662

-0.01132

10792.0

-0.005657

-0.01131

10796.0

-0.005653

-0.01131

10800.0

-0.005649

-0.0113

10804.0

-0.005645

-0.01129

10808.0

-0.00564

-0.01128

10812.0

-0.005636

-0.01127

10816.0

-0.005632

-0.01126

10820.0

-0.005628

-0.01126

10824.0

-0.005624

10828.0

-0.00562

-0.01124

10832.0

-0.005616

-0.01123

10836.0

-0.005612

-0.01122

10840.0

-0.005608

-0.01122

10844.0

-0.005604

-0.01121

10848.0

-0.0056

-0.0112

10852.0

-0.005596

-0.01119

10856.0

-0.005592

-0.01118

10860.0

-0.005588

-0.01118

10864.0

-0.005584

-0.01117

10868.0

-0.00558

-0.01116

10872.0

-0.005577

-0.01115

10876.0

-0.005573

-0.01115

10880.0

-0.005569

-0.01114

10884.0

-0.005565

-0.01113

10888.0

-0.005562

-0.01112

10892.0

-0.005558

-0.01112

10896.0

-0.005554

-0.01111

10900.0

-0.005551

-0.0111

10904.0

-0.005547

-0.01109

10908.0

-0.005544

-0.01109

10912.0

-0.00554

-0.01108

10916.0

-0.005537

-0.01107

10920.0

-0.005533

-0.01107

10924.0

-0.00553

-0.01106

10928.0

-0.005526

-0.01105

10932.0

-0.005523

-0.01105

10936.0

-0.005519

-0.01104

10940.0

-0.005516

-0.01103

10944.0

-0.005513

-0.01103

10948.0

-0.00551

-0.01102

10952.0

-0.005506

-0.01101

10956.0

-0.005503

-0.01101

10960.0

-0.0055

-0.011

10964.0

-0.005497

-0.01099

10968.0

-0.005493

-0.01099

10972.0

-0.00549

-0.01098

10976.0

-0.005487

-0.01097

10980.0

-0.005484

-0.01097

10984.0

-0.005481

-0.01096

10988.0

-0.005478

-0.01096

10992.0

-0.005475

-0.01095

10996.0

-0.005472

-0.01094

11000.0

-0.005469

-0.01094

11004.0

-0.005466

-0.01093

11008.0

-0.005463

-0.01093

11012.0

-0.00546

-0.01092

11016.0

-0.005457

-0.01091

11020.0

-0.005455

-0.01091

11024.0

-0.005452

-0.0109

11028.0

-0.005449

-0.0109

11032.0

-0.005446

-0.01089

11036.0

-0.005444

-0.01089

11040.0

-0.005441

-0.01088

11044.0

-0.005438

-0.01088

11048.0

-0.005436

-0.01087

11052.0

-0.005433

-0.01087

11056.0

-0.00543

-0.01086

11060.0

-0.005428

-0.01086

11064.0

-0.005425

-0.01085

11068.0

-0.005423

-0.01085

11072.0

-0.00542

-0.01084

11076.0

-0.005418

-0.01084

11080.0

-0.005415

-0.01083

11084.0

-0.005413

-0.01083

11088.0

-0.005411

-0.01082

11092.0

-0.005408

-0.01082

11096.0

-0.005406

-0.01081

11100.0

-0.005404

-0.01081

11104.0

-0.005401

-0.0108

11108.0

-0.005399

-0.0108

11112.0

-0.005397

-0.01079

11116.0

-0.005395

-0.01079

11120.0

-0.005393

-0.01079

11124.0

-0.00539

-0.01078

11128.0

-0.005388

-0.01078

11132.0

-0.005386

-0.01077

11136.0

-0.005384

-0.01077

11140.0

-0.005382

-0.01076

11144.0

-0.00538

-0.01076

11148.0

-0.005378

-0.01076

11152.0

-0.005376

-0.01075

11156.0

-0.005374

-0.01075

11160.0

-0.005372

-0.01074

11164.0

-0.00537

-0.01074

11168.0

-0.005369

-0.01074

11172.0

-0.005367

-0.01073

11176.0

-0.005365

-0.01073

11180.0

-0.005363

-0.01073

11184.0

-0.005361

-0.01072

11188.0

-0.00536

-0.01072

11192.0

-0.005358

-0.01072

11196.0

-0.005356

-0.01071

11200.0

-0.005355

-0.01071

11204.0

-0.005353

-0.01071

11208.0

-0.005351

-0.0107

11212.0

-0.00535

-0.0107

11216.0

-0.005348

-0.0107

11220.0

-0.005347

-0.01069

11224.0

-0.005345

-0.01069

11228.0

-0.005344

-0.01069

11232.0

-0.005342

-0.01068

11236.0

-0.005341

-0.01068

11240.0

-0.00534

-0.01068

11244.0

-0.005338

-0.01068

11248.0

-0.005337

-0.01067

11252.0

-0.005336

-0.01067

11256.0

-0.005334

-0.01067

11260.0

-0.005333

-0.01067

11264.0

-0.005332

-0.01066

11268.0

-0.005331

-0.01066

11272.0

-0.005329

-0.01066

11276.0

-0.005328

-0.01066

11280.0

-0.005327

-0.01065

11284.0

-0.005326

-0.01065

11288.0

-0.005325

-0.01065

11292.0

-0.005324

-0.01065

11296.0

-0.005323

-0.01065

11300.0

-0.005322

-0.01064

11304.0

-0.005321

-0.01064

11308.0

-0.00532

-0.01064

11312.0

-0.005319

-0.01064

11316.0

-0.005318

-0.01064

11320.0

-0.005317

-0.01063

11324.0

-0.005316

-0.01063

11328.0

-0.005316

-0.01063

11332.0

-0.005315

-0.01063

11336.0

-0.005314

-0.01063

11340.0

-0.005313

-0.01063

11344.0

-0.005313

-0.01063

11348.0

-0.005312

-0.01062

11352.0

-0.005311

-0.01062

11356.0

-0.005311

-0.01062

11360.0

-0.00531

-0.01062

11364.0

-0.00531

-0.01062

11368.0

-0.005309

-0.01062

11372.0

-0.005308

-0.01062

11376.0

-0.005308

-0.01062

11380.0

-0.005307

-0.01061

11384.0

-0.005307

-0.01061

11388.0

-0.005307

-0.01061

11392.0

-0.005306

-0.01061

11396.0

-0.005306

-0.01061

11400.0

-0.005305

-0.01061

11404.0

-0.005305

-0.01061

11408.0

-0.005305

-0.01061

11412.0

-0.005305

-0.01061

11416.0

-0.005304

-0.01061

11420.0

-0.005304

-0.01061

11424.0

-0.005304

-0.01061

11428.0

-0.005304

-0.01061

11432.0

-0.005304

-0.01061

11436.0

-0.005304

-0.01061

11440.0

-0.005304

-0.01061

11444.0

-0.005303

-0.01061

11448.0

-0.005303

-0.01061

11452.0

-0.005303

-0.01061

11456.0

-0.005303

-0.01061

11460.0

-0.005304

-0.01061

11464.0

-0.005304

-0.01061

11468.0

-0.005304

-0.01061

11472.0

-0.005304

-0.01061

11476.0

-0.005304

-0.01061

11480.0

-0.005304

-0.01061

11484.0

-0.005304

-0.01061

11488.0

-0.005305

-0.01061

11492.0

-0.005305

-0.01061

11496.0

-0.005305

-0.01061

11500.0

-0.005305

-0.01061

11504.0

-0.005306

-0.01061

11508.0

-0.005306

-0.01061

11512.0

-0.005307

-0.01061

11516.0

-0.005307

-0.01061

11520.0

-0.005307

-0.01061

11524.0

-0.005308

-0.01062

11528.0

-0.005308

-0.01062

11532.0

-0.005309

-0.01062

11536.0

-0.005309

-0.01062

11540.0

-0.00531

-0.01062

11544.0

-0.005311

-0.01062

11548.0

-0.005311

-0.01062

11552.0

-0.005312

-0.01062

11556.0

-0.005313

-0.01063

11560.0

-0.005313

-0.01063

11564.0

-0.005314

-0.01063

11568.0

-0.005315

-0.01063

11572.0

-0.005316

-0.01063

11576.0

-0.005316

-0.01063

11580.0

-0.005317

-0.01063

11584.0

-0.005318

-0.01064

11588.0

-0.005319

-0.01064

11592.0

-0.00532

-0.01064

11596.0

-0.005321

-0.01064

11600.0

-0.005322

-0.01064

11604.0

-0.005323

-0.01065

11608.0

-0.005324

-0.01065

11612.0

-0.005325

-0.01065

11616.0

-0.005326

-0.01065

11620.0

-0.005327

-0.01065

11624.0

-0.005328

-0.01066

11628.0

-0.005329

-0.01066

11632.0

-0.00533

-0.01066

11636.0

-0.005332

-0.01066

11640.0

-0.005333

-0.01067

11644.0

-0.005334

-0.01067

11648.0

-0.005335

-0.01067

11652.0

-0.005337

-0.01067

11656.0

-0.005338

-0.01068

11660.0

-0.005339

-0.01068

11664.0

-0.005341

-0.01068

11668.0

-0.005342

-0.01068

11672.0

-0.005343

-0.01069

11676.0

-0.005345

-0.01069

11680.0

-0.005346

-0.01069

11684.0

-0.005347

-0.01069

11688.0

-0.005348

-0.0107

11692.0

-0.00535

-0.0107

11696.0

-0.005351

-0.0107

11700.0

-0.005352

-0.0107

11704.0

-0.005354

-0.01071

11708.0

-0.005355

-0.01071

11712.0

-0.005356

-0.01071

11716.0

-0.005358

-0.01072

11720.0

-0.005359

-0.01072

11724.0

-0.00536

-0.01072

11728.0

-0.005361

-0.01072

11732.0

-0.005363

-0.01073

11736.0

-0.005364

-0.01073

11740.0

-0.005365

-0.01073

11744.0

-0.005367

-0.01073

11748.0

-0.005368

-0.01074

11752.0

-0.005369

-0.01074

11756.0

-0.00537

-0.01074

11760.0

-0.005372

-0.01074

11764.0

-0.005373

-0.01075

11768.0

-0.005373

-0.01075

11772.0

-0.005373

-0.01075

11776.0

-0.005371

-0.01074

11780.0

-0.005368

-0.01074

11784.0

-0.005365

-0.01073

11788.0

-0.00536

-0.01072

11792.0

-0.005355

-0.01071

11796.0

-0.005349

-0.0107

11800.0

-0.005341

-0.01068

11804.0

-0.005331

-0.01066

11808.0

-0.005322

-0.01064

11812.0

-0.005311

-0.01062

11816.0

-0.0053

-0.0106

11820.0

-0.005288

-0.01058

11824.0

-0.005275

-0.01055

11828.0

-0.005261

-0.01052

11832.0

-0.005246

-0.01049

11836.0

-0.00523

-0.01046

11840.0

-0.005213

-0.01043

11844.0

-0.005196

-0.01039

11848.0

-0.005179

-0.01036

11852.0

-0.005162

-0.01032

11856.0

-0.005145

-0.01029

11860.0

-0.005127

-0.01025

11864.0

-0.00511

-0.01022

11868.0

-0.005093

-0.01019

11872.0

-0.005076

-0.01015

11876.0

-0.005059

-0.01012

11880.0

-0.005042

-0.01008

11884.0

-0.005024

-0.01005

11888.0

-0.005007

-0.01001

11892.0

-0.00499

-0.00998

11896.0

-0.004973

-0.009946

11900.0

-0.004956

-0.009912

11904.0

-0.004939

-0.009877

11908.0

-0.004921

-0.009843

11912.0

-0.004904

-0.009809

11916.0

-0.004887

-0.009774

11920.0

-0.00487

-0.00974

11924.0

-0.004853

-0.009706

11928.0

-0.004836

-0.009671

11932.0

-0.004818

-0.009637

11936.0

-0.004801

-0.009603

11940.0

-0.004784

-0.009568

11944.0

-0.004767

-0.009534

11948.0

-0.00475

-0.0095

11952.0

-0.004733

-0.009465

11956.0

-0.004717

-0.009434

11960.0

-0.0047

-0.0094

11964.0

-0.004683

-0.009366

11968.0

-0.004666

-0.009332

11972.0

-0.004649

-0.009298

11976.0

-0.004632

-0.009264

11980.0

-0.004615

-0.00923

11984.0

-0.004598

-0.009196

11988.0

-0.004581

-0.009162

11992.0

-0.004564

-0.009128

11996.0

-0.004547

-0.009094

12000.0

-0.00453

-0.009061

12004.0

-0.004513

-0.009027

12008.0

-0.004497

-0.008993

12012.0

-0.00448

-0.00896

12016.0

-0.004463

-0.008926

12020.0

-0.004446

-0.008893

12024.0

-0.00443

-0.008859

12028.0

-0.004413

-0.008826

12032.0

-0.004396

-0.008793

12036.0

-0.00438

-0.008759

12040.0

-0.004363

-0.008726

12044.0

-0.004346

-0.008693

12048.0

-0.00433

-0.00866

12052.0

-0.004313

-0.008627

12056.0

-0.004297

-0.008594

12060.0

-0.00428

-0.008561

12064.0

-0.004264

-0.008528

12068.0

-0.004248

-0.008495

12072.0

-0.004231

-0.008462

12076.0

-0.004215

-0.00843

12080.0

-0.004198

-0.008397

12084.0

-0.004182

-0.008364

12088.0

-0.004166

-0.008332

12092.0

-0.00415

-0.008299

12096.0

-0.004133

-0.008267

12100.0

-0.004117

-0.008234

12104.0

-0.004101

-0.008202

12108.0

-0.004085

-0.00817

12112.0

-0.004069

-0.008137

12116.0

-0.004053

-0.008105

12120.0

-0.004036

-0.008073

12124.0

-0.00402

-0.008041

12128.0

-0.004004

-0.008009

12132.0

-0.003988

-0.007977

12136.0

-0.003972

-0.007945

12140.0

-0.003956

-0.007913

12144.0

-0.00394

-0.007881

12148.0

-0.003925

-0.007849

12152.0

-0.003909

-0.007817

12156.0

-0.003893

-0.007786

12160.0

-0.003877

-0.007754

12164.0

-0.003861

-0.007723

12168.0

-0.003845

-0.007691

12172.0

-0.00383

-0.00766

12176.0

-0.003814

-0.007628

12180.0

-0.003798

-0.007597

12184.0

-0.003783

-0.007565

12188.0

-0.003767

-0.007534

12192.0

-0.003751

-0.007503

12196.0

-0.003736

-0.007472

12200.0

-0.00372

-0.007441

12204.0

-0.003705

-0.00741

12208.0

-0.003689

-0.007379

12212.0

-0.003674

-0.007348

12216.0

-0.003658

-0.007317

12220.0
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13708.0

-2.342E-4

-4.683E-4

13712.0

-2.313E-4

-4.626E-4

13716.0

-2.285E-4

-4.57E-4

13720.0

-2.257E-4

-4.514E-4

13724.0

-2.23E-4

-4.459E-4

13728.0

-2.202E-4

-4.404E-4

13732.0

-2.175E-4

-4.35E-4

13736.0

-2.148E-4

-4.297E-4

13740.0

-2.122E-4

-4.243E-4

13744.0

-2.095E-4

-4.191E-4

13748.0

-2.069E-4

-4.139E-4

13752.0

-2.044E-4

-4.087E-4

13756.0

-2.018E-4

-4.036E-4

13760.0

-1.993E-4

-3.986E-4

13764.0

-1.968E-4

-3.936E-4

13768.0

-1.943E-4

-3.886E-4

13772.0

-1.919E-4

-3.837E-4

13776.0

-1.894E-4

-3.789E-4

13780.0

-1.87E-4

-3.741E-4

13784.0

-1.847E-4

-3.693E-4

13788.0

-1.823E-4

-3.647E-4

13792.0

-1.8E-4

-3.6E-4

13796.0

-1.777E-4

-3.554E-4

13800.0

-1.755E-4

-3.509E-4

13804.0

-1.732E-4

-3.464E-4

13808.0

-1.71E-4

-3.42E-4

13812.0

-1.688E-4

-3.376E-4

13816.0

-1.667E-4

-3.333E-4

13820.0

-1.645E-4

-3.291E-4

13824.0

-1.624E-4

-3.248E-4

13828.0

-1.603E-4

-3.207E-4

13832.0

-1.583E-4

-3.166E-4

13836.0

-1.563E-4

13840.0

-1.543E-4

-3.085E-4

13844.0

-1.523E-4

-3.045E-4

13848.0

-1.503E-4

-3.006E-4

13852.0

-1.484E-4

-2.968E-4

13856.0

-1.465E-4

-2.93E-4

13860.0

-1.446E-4

-2.893E-4

13864.0

-1.428E-4

-2.856E-4

13868.0

-1.41E-4

-2.819E-4

13872.0

-1.392E-4

-2.783E-4

13876.0

-1.374E-4

-2.748E-4

13880.0

-1.357E-4

-2.713E-4

13884.0

-1.339E-4

-2.679E-4

13888.0

-1.323E-4

-2.645E-4

13892.0

-1.306E-4

-2.612E-4

13896.0

-1.29E-4

-2.579E-4

13900.0

-1.273E-4

-2.547E-4

13904.0

-1.258E-4

-2.515E-4

13908.0

-1.242E-4

-2.484E-4

13912.0

-1.227E-4

-2.454E-4

13916.0

-1.212E-4

-2.423E-4

13920.0

-1.197E-4

-2.394E-4

13924.0

-1.182E-4

-2.365E-4

13928.0

-1.168E-4

-2.336E-4

13932.0

-1.154E-4

-2.308E-4

13936.0

-1.14E-4

-2.281E-4

13940.0

-1.127E-4

-2.254E-4

13944.0

-1.114E-4

-2.227E-4

13948.0

-1.101E-4

-2.201E-4

13952.0

-1.088E-4

-2.176E-4

13956.0

-1.076E-4

-2.151E-4

13960.0

-1.063E-4

-2.127E-4

13964.0

-1.051E-4

-2.103E-4

13968.0

-1.04E-4

-2.08E-4

13972.0

-1.028E-4

-2.057E-4

13976.0

-1.017E-4

-2.035E-4

13980.0

-1.006E-4

-2.013E-4

13984.0

-9.958E-5

-1.992E-4

13988.0

-9.855E-5

-1.971E-4

13992.0

-9.754E-5

-1.951E-4

13996.0

-9.655E-5

-1.931E-4

14000.0

-9.56E-5

-1.912E-4

14004.0

-9.467E-5

-1.893E-4

14008.0

-9.377E-5

-1.875E-4

14012.0

-9.288E-5

-1.858E-4

14016.0

-9.199E-5

-1.84E-4

14020.0

-9.11E-5

-1.822E-4

14024.0

-9.021E-5

-1.804E-4

14028.0

-8.932E-5

-1.786E-4

14032.0

-8.843E-5

-1.769E-4

14036.0

-8.754E-5

-1.751E-4

14040.0

-8.665E-5

-1.733E-4

14044.0

-8.576E-5

-1.715E-4

14048.0

-8.487E-5

-1.697E-4

14052.0

-8.398E-5

-1.68E-4

14056.0

-8.31E-5

-1.662E-4

14060.0

-8.221E-5

-1.644E-4

14064.0

-8.132E-5

-1.626E-4

14068.0

-8.043E-5

-1.609E-4

14072.0

-7.954E-5

-1.591E-4

14076.0

-7.865E-5

-1.573E-4

14080.0

-7.776E-5

-1.555E-4

14084.0

-7.687E-5

-1.537E-4

14088.0

-7.598E-5

-1.52E-4

14092.0

-7.509E-5

-1.502E-4

14096.0

-7.42E-5

-1.484E-4

14100.0

-7.331E-5

-1.466E-4

14104.0

-7.243E-5

-1.449E-4

14108.0

-7.154E-5

-1.431E-4

14112.0

-7.065E-5

-1.413E-4

14116.0

-6.976E-5

-1.395E-4

14120.0

-6.887E-5

-1.377E-4

14124.0

-6.798E-5

-1.36E-4

14128.0

-6.708E-5

-1.342E-4

14132.0

-6.616E-5

-1.323E-4

14136.0

-6.524E-5

-1.305E-4

14140.0

-6.43E-5

-1.286E-4

14144.0

-6.335E-5

-1.267E-4

14148.0

-6.239E-5

-1.248E-4

14152.0

-6.142E-5

-1.228E-4

14156.0

-6.044E-5

-1.209E-4

14160.0

-5.945E-5

-1.189E-4


" Moving Microparticles in HERAe

Monitor number
100

The Electron beam Lifetime Problem in HERA.
D.R.C. Kelly et al., PAC 1995




Monte Carlo calculations for calibration and positioning (VII)

This is explained by a neutron’s
ability to penetrate beam pipes
(the main materials are copper
and steel, which don’t attenuate
neutrons effectively), whereas
ionization chambers detect
mainly gammas, which are
effectively attenuated by these
materials. The ionization
chambers respond to nearby loss
and thus are able to resolve loss
location, but they will be
Insensitive to loss occurring
between two detectors.
Conversely, the neutron
detectors respond to any loss,
close or remote, and are
effectively covering a wider
region, but are incapable of
spatial resolution.

Losses measured by neutron detectors

SNS: Beam Loss Simulation of SNS LINAC, A.P. Zhukov , PAC 07,Albuquerque, New Mexico, USA.
ESS: Technical Note ESS/AD/0032.

J=PARC: Signal Response of the Beam Loss Monitor as a Function of the Lost Beam Energy, K. Yamamoto, IBIC2015  \S Beam Instru mentation’ 2018 Page 19




Sensitivity

2. Number of lost Beam particles N, (t) by knowing the Sensitivity of the
BLM (Sg, \,) On (signal-generating) particles.

=> Sigg m(t) = Sgim ™ Nppw(t) < Niggs (1) = Sigg m(t) /(€gm ™ Seim)

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 20



2) BLM Types:

Mostly used devices:

Short ion chambers

Long ion chambers

Photomultipliers with scintillators (incl. Optical Fibres)
PIN Diodes (Semiconductors), Diamonds

Secondary Emission Focus: Sensitivity (Sg, 1)
Cherenkov light, Optical Fibres

More exotic:
Neutron BLMs

Dosimetrie is excluded here. Typically interest in long time scales
(hours-days-years), BLMs in short time scales (few turns to 10 ms)
Differential beam current measurement is excluded here, no loss
location measurement.

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018

Page 21



Short Ionization Chamber

Short ionization chambers are used in many accelerators.

Principe:

An ionization chamber in its simplest
form consists of two parallel metallic
electrodes (anode and cathode)
separated by a distance D. High
voltages, V, up to several kV, are
applied to the anode. The gap, of width
D, between the two electrodes is filled
with gas (air, argon, xenon) or liquid of
density p and defines the sensitive
volume of the chamber. lonizing
particles traversing the sensitive
volume ionize the gas or liquid and
produce electron-ion pairs. The electric
field E = V/D causes electrons and
positive ions to drift in opposite
direction toward the anode and cathode,
respectively.

A

Cathode

e

Anode

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018

Page 22



Short Ionization Chamber

The number of electrons reaching the anode
depends on the applied voltage. If the voltage is
very small, the electron produced by ionization ot
recombines with its parent ion. If the electric field
iIs larger than the Coulomb field in the vicinity of
the parent ion, than electrons can escape this initial
recombination. The number increases with voltage
and the number of electrons collected at the anode
increases with voltage up to saturation where all
charges are collected. The region is called the
lonization Region.

cHamper B
counten B
LIMITED

PROPOATIONALITY H

o
:

|
8
[- 3

§:|
21
I

IOMIZATION

RECOMBINATION =4
PROPOR TIOMAL

el =

3
g
a

o -
(meob =)

IG' =

Lol o

o -

— — — — — _— — — P— —
- — — — - —_ _— _— —_— m— — —_—

1 ]

(vl =

NUMBER OF 10N PAIRS (log scole)

ia?

At higher voltages, the electrons gain enough ': '
o

L ]
gr—-.—-—.—;-—-—-—-—

energy to produce ionization on their path => L re

Proportional Region APPLIED VOLTAGE (V)

*Avoid electronegative gases (O,, H,O, CO,, SF,...), they capture electrons before reaching the
electrode
*Nobel gases have negative electron affinities (Ar, He, Ne), better for the proportional region.

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 23



Short Ionization Chamber

Saturation in high radiation:

In addition to the initial recombination, electrons on their way to the anode may
be captured by positive ions produced close to their trajectory (by other
Incoming particles) and do not contribute to the charge collection (important at
high radiation levels).

g 1.
'H|gh VOItage Charge collection g —1—
fraction for 1,10, .
'Sma” D and 100 rads/sec :
dose rates vs. U= - SN
hEIp applied voltage, for 8| | 100 rads/sec
the FNAL ionization P
chamber. S N T
4 1 10rads/sec |
3 1 ! N N :
2! | /: tradsec | |
1 . b ¢ T
Charge collection fraction AT T i A volts
for 0.001. 0.01 and 0.1 e A R O A S s 0L N N N O O O O O O IO
ads instantaneous -51---'? ___,__._.-—-—-—’ — 0 500 1000 1500 2000
pulsed dose)for the b/ i, '\ ! 4.1 Predicted charge-collection efficiency for 3 dose rates vs. voltage.
WAL ienization ol i ! O1rads | |
chamber. d N\ OOtrads
3 I/J U'c,'m rqu b o lmd:](}[}ergs_ Mﬂ/ MIP gran; =3.1-10" MIPs per cm’
e o gram 1.6:10" ergs 2MeV -cm
.2.,:". H H T
Al L volts
ol L ; P L
o 500 1000 1500 2000

Figure 5. Predicted charge-collection efficiency for 3 pulsed doses vs, voltage. ;, CAS Beam Instru mentation, 2018 Page 24



Short Ionization Chamber

Improving lon Transit Time
lon speed Vign = Mo E(Po/P) = Hgo (V/d )(P,/P)
Where uy= lon Mobility, V= Voltage, P/P, = Pressure (Atm)
Transit Time t=d/ vy, = D[y V (P,/P)]

For plane geometry D = Electrode gap
For cylindrical geometry  D?=[(a? — b?)/2] In (a/b)

Where b =Innerradius and a = Outer radius

Electrode

Tevatron lon Chamber

HV
electrode

. Guard (1983{3
R. Witkover, D. Gassner, SNS electrode itrtumentation, 2018 Page 26
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Short Ionization Chamber

Fast reaction time=> high charge velocity v

v=un-V/D
with p = mobility [cm?/(V s)];
V = \oltage, D = Gap [cm]

lon mobility: p;,, =1.0-1.5 cm?
atm/(V s) for typ. chamber gases
atD=1cm,p=1atm,V =1kV
=> response time of t=1-1.5ms
which is often too slow for BLMs.

Electrons have a mobility of about
103 Wy, =>t=1-15ps

lon Chamber signal Due to Impulse Loss

N

—= |=— Electron current
~ 1 usec

~—— |on current
~ 1 msec

lon Chamber signal Due to 1 msec Loss

< 1 msec ——TF— 1 msec —~

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 27



Short Ionization Chamber

Calibration/Sensitivity

The number of electrons (n,) produced in the gap by one minimum ionizing

Particles (MIPs) is:

n

_D-p dE

W

Note that the average energy needed to

dx
W [eV/e-]

(Medium) - Bethe-Bloch

as | first ionisation potential | fast electrons

produce an electron-ion pair (W-factor) 1—; 5 64|
Is larger than the ionization energy. He 245 11.3
Is about constant for many gases H, 15.6 36.5
and radiations. Ny 15.5 34.8
Example: Argon: glf oy ggi
p =1.661-103 g/cm3 (20°C, 1 atm) CH, " ’7 2

dE/dx = 1.52 MeV/(g/cm?)

n, =100/cm - D [¢/ MIP]

Note: Cross section for nuclear interaction is about 5 -106
times the ionization cross section (1016 cm?). Cross section for
excitation is about 1017 cm?

Rutherford (nuclear) scattering does not produce significant
energy transfer, but angular spread.

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 28




Short Ionization Chamber

Sensitivity
Sensitivity S, , [C/rad] of lon-chamber depends on geometry!

Example: 1 Itr. Argon filled chamber, 100% charge sampling efficiency:
p =1.661-10-3 g/cm3 (20°C, 1 atm)

S, 100er . 1eX2 .1e 1.
6-107¢e 6e

lrad eV--->erg W

1 Itr. e- charge

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 29



T=03pus
(tran 200us)

TEVATRON/RHIC/SNS

T=10=>3ps
(tra 560 => 72 ps)

1.51tr N, at 1.1 bar

0.11 Itr Ar at 1 bar

V =800 - 1800V

500 - 3500 V

Dynamic range >108
(>1012 - <103 A)

Dynamic range >106
300 pA — 500 pA

Leak current <1 pA

Leak current
10 pA => <100 fA

S: 156 pA/(rad/h) (Cs137)
(560 nC/rad)

19.6 pA/(rad/h) (Cs137)
(70 nC/rad)

Collection effeciency:
?

Collection effeciency:
77% -> 92 %

Courtesy B. Dehning, M Stockner; CEl



Short Ionization Chamber
More

* A beneficial characteristic of ion chambers is that their calibration is determined by geometry, and that the
calibration is relatively independent of the applied voltage.

« Little maintenance required. Leakage in N2 filled chambers not critical

* lon-chambers can be build from radiation hard materials (ceramic, glass metal), with no aging. Take care
about the feedthroughs! No problems up to more than 108 rad

 Readout: High dynamic range need special signal processing (log. Amps, counting schemes, lot of ADC
bits, ... (LHC: dyn. Range = 10’

* Typ. large numbers are needed (>4000 in LHC)=> have to be cheap

* LHC: It is necessary to periodically verify the connection to the corresponding channels of the electronic
system and the signal quality of all detectors by radioactive source. -> remote by robot see later

BLM " (| Mobile Irradiation Superconducting  Operator
Instrument /magnet

se-7 " | b M A

3T

20:18 20:19 et
Local Time

CONSTRUCTION OF A MOBILE IRRADIATION INSTRUMENT FOR THE VERIFICATION OF THE CERN LHC BEAM LOSS MONITORING SYSTEM
D. Gudkov, et al, IBIC17

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 31




FGHOWSkYS Eong !OnIZGIIOﬂ !HGIT\BCP !FE!E’

Heliax RF-cable

Isolator

HJ4.5-50 T -3
+Cheap
+Simple

+Uniform sensitivity
* |solation not very radiation hard
(but >20 years operation in SLAC)

i —Sigrnal {ard
Leakage Current)

o leakage current = 0.1 pA/m The Use of a long Co-axial lon
« Sensitivity|S = 200 nC/rad/m|=> 0.5 prad/s TRV | WIKH Ponowki Sac Th63.57

* (still okay, even with 3 km cable => 0.3 nA) =

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 32



"Panowskys” Long Ionization Chamber (PLIC)

bunch

A
A

Gas
4 1

A t defines position of the loss, amplitude their amount.
At SLAC =3 km long cable was used.

e Electron collection time T = 0.25 us (Ar-gas)

 Bunch velocity ¢ = 3-:108 m/s

* Propagation velocity in cable v=0.914-c HV

* Rise time of reflected signal: t; cp0, = 0.1 uS, t15.900, = 3 US ~ 100-500 \V

Position resolution = 1.5 m (= 5 ns) downstream end
~ 15 m (= 50 ns) upstream end (6 km travel)

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 33



Installation of LIC at the ELBE beamline

coax sections separalor

L hw

[ v
1 hllll.'_

commaon ground

Principle of the sectioned beam loss monitor

Beam Loss Monitoring with Long
lonization Chambers at ELBE, A
Beam Loss Monitor with
Longitudinal Resolution, Michel,
P. et al; Radiation Source ELBE
Annual Report 2002, FZR-375
April 2003

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 34




Solid State Ion-Chamber - PIN Photodiode

(Semiconductor)

—

}/Ag

Zoom

n-Si

Depletion layer
(intrinsic I-Zone

m Typical Dark Current vs. Reverse Bias

| =
/

Idark ~V

o Y] 20 a0 40
Reverse Voltage (V)

Dark Current (nA)
ra

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018
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Solid State Ion-Chamber - PIN Photodiode

(Semiconductor)

At about 20 V bias:
o Depletion layer =100 (— 300) um

* 2 NAdark current lmd_lUDergS MeV MIP - gram =3.1-10" MIPs per cm’
* dE/dxg; (MIP) = 3.7 MeV/cm gram 1.6-10 ergs 2MeV -cm® be

» 3.7 eV for e-hole pair
= =~ 10% e/MIP (for 100um dep.)

=5 :104#-3.1-107 MIP_ 16.10% & Lo ¢

cm? - rad e rad -cm?®

=S,y ® 50 nC/rad for 1cm? Diode
= Fast: = 2 - 20 ns (Pulse Mode)
Mobility p, = 1350 cm?/(Vs)
Hhoe = 450 cm?/(Vs)
= Efficiency € > 80%
= Works like an lon Chamber (current mode)

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 36



Solid State Ion-Chamber - CVD Diamonds

Synthetic Diamond grown by chemical vapor deposition method

n b | 55'43 | D‘Z“;‘T’“d | The investigated option is to locate the detectors as
tomic number . . . . .
Atomic mass m 6 close as possible to the superconducting coil, where
s denely le C"‘[‘Q 2 I[:ggll = [fj]} the signal ratio is optimal. Therefore the detectors
elting poin . .
RT Band gap V] | 1124 [29] | 5.48 [49] have to be located inside the cold mass of the
e Soncgep [V,[e‘q LT | 845 ) superconducting magnets in superfluid helium at 1.9
reakdown Tie S Hm .
Relative dielectric constant 11.9 [49] 5.7 [49] KeIVIn
En=rgy to cresi= ch-pai " [;6] [S] The silicon diode’s FWHM of the signal from a
Intrinsic resistivity [0cm] | 2310° | > 107 Minimum lonising Particle (MIP) is of 2.5 £ 0.7 ns
ML B S B and that for the diamond detector the FWHM is of
10K | [49] [55] 3.6 £ 0.8 ns at liquid helium temperatures. With
i PP B s these detectors a fast detection system can hence be
lonisation loss from MIP 167 | 176 designed. Leakage current ~1 pA — 1 nA (Diamond)
[MeVem? /¢g] [44] [44]
Mean charge per MIP 14 0.62 —_ * - T
C100 wenl | aal o Spiam = 0.44 * S, || Both types are quite radiation hard.
Displacement energy [eV] | 25 [56] 43 [57]
Table 3.1: Comparison table between diamond and silicon detectors. The capacitance is given __-‘?‘IH\:‘\"‘%,,
for the fol\owingpdetector dimensions: 0.3x5x5 mm® for Si and 0.5x5x5 mmlﬁz for diamongd‘ /—9 **Zj\%\ Culrrentt' BLM
K ﬁﬁg ST | ocation -
. __Time ioss thr. = 25 mv, turn clack = 8892€ : L- E— I: @ 1| \/ ‘\
Diamond . & | BRI | ( )
Monitor Based LHC, warm Collimators S % ‘°L' o/ b
Beam Loss \ ,____-5_;_;._\/‘ '/ Future Cryogemc
Measurements 1 \\\_“o o i.:" 74 BLM location
in the LHC LI e
C. Xu, J\V{\M}K (\j Operation of Silicon, Diamond and
B. Dehning, et o " : —— Liquid Helium Detectors in the Range
al., IBIC2016, I Cryogenic Beam Loss Monitoring of Room Temperature to 1.9 Kelvin
Barcelona, | = e . for the LHC; C. Kurfuerst (TU and After an Irradiation Dose of
Spain Vienna), CERN-THESIS-2013-232 Several Mega Gray; C. Kurfuerst, et

Figure 5: Zoom-in view of the 12-bunch train.

K. Wittenburg, DESY, Beam LOSS VIO

nitors, CAS Beam Instrumentai al.. 1BIC2013, Oxford, UK




Use as counter:
Enough signal to detect
1 MIP!
~ 10% e/MIP (for 100um dep.)
1 rad/s = 3.1-10" MIP/s/cm?
= ¢-:31 MHz/cm?

| Spectrum of the deposit energy in the PIN Diode

£10000e"
by MIPs (Source: 198Ru; max. 2 MeV p)

y .\
iw Mﬁ‘fwm
#N?WWMHW
P MAA Attt
| 1
30keV Edep
threshold The typical Landau distribution of energy loss in the

100 micron depletion layer of the PIN Diode

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 38



PIN Photodiodes to satisfy the special conditions in HERA

MIpP

Coincidence technique: SR-Photons
stop in one or the other diode and are
not counted!

100 microns
depletion layer

Efficiency to MIPs (measured): ;.= 30% -
e 1 count = 0.1 urad (MIPS, 1cm? Diodes) —
+Very low noise:
+Dark count rate < 0.01 Hz
+max. count rate > 10.4 MHz s .
+Very high dynamic range: >10° *m
+Insensitive to synchrotron radiation E_;, = keV
+Efficiency toy: g, =3.5- 107
+Coincidence + lead: <0.1 Hz at
v dose of 150 rad/h (e- ring at max.)

+ PIN Diodes + amplifiers were tested up to
108 rad without significant radiation damage;
13 years successful in HERA

- Complete saturation if count rate = 1 count/ bunch -> Loss Efficiency gg y, |

THE PIN-DIODE BEAM LOSS MONITOR SYSTEM AT HERA, K. Wittenburg BIW2000 \S Beam Instrumentation, 2018 Page 39




PIN Photodiodes to satisfy the special conditions in HERA

DESY BLM with lead hat (removed)
on top of a sc quadrupole

The view into the 6.3 km long HERA tunnel shows on top the superconducting
magnets of the proton storage ring and at the bottom the electron storage ring.
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Summing up

Devices using lonization:

+ Simple, robust

+ Radiation hard Sensitivity:

+ Cheap lon Chambers: =500 nC/rad (1ltr)

+ Callb_rated PIN Diode: ~ 50 nC/rad for 1cm?2 Diode
+ Fast in Pulse Mode Diamond: ~0.44 * Sp,

(PIN + Diamond)

o(but due to small area=> insensitive)

- Slow
- (lon Chambers = ps,
- (counting mode = mS)
- cannot measure bunch by bunch losses
= Needs external amplification
= Moderate sensitivity
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Secondary Emission Monitors

Useful at very high radiation areas, very radiation hard

=> Secondary Emission Monitors
(with or without amplification)
Electron emission from surface due to crossing charged particles

+

3.k

> Charges particle (MIP)

Efficiency about 4-5 %

|||—/( 25 Very linear!!!
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cLIC Secondary Emission Monitors

-ﬁ:_“___é““__.;““__;“m"_ﬁ““m"_;““mug_"""";_"""é_"""";_""“_35

."_L““muﬁ_"""";_unné_"""";_""“_15

e
T
A
e
Curmant SZEM nal

et SEM [

Gas sealed (ion chamber, slow) or in high vacuum (SEM, fast) g
!

=04 =0F o 53] o4 1] [<E -] i iz 14 18
i L]

Integrated NEC 200 ns/div
foil

Figure 4: Time response to single bunch compared to ref-
<10 mbar erence ACEM detector (160 ns bunch of 2.16 x 1012 pt at

< 1% ionization 1-4GeV).

to avoid
: ‘p- Beam loss monitoring at the CLIC Test Facility 3; T. Lefevre,et al.,
nonlmea”tles EPAC'04, Lucerne, Switzerland
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Secondary Emission Monitors

CAluminium Cathode Electron Multiplier)

Description 32
mm
Cathode; Aluminium,
Window; Borosilicate, A
Lynodes; 10 linesr focused type with CsSb cecondary emitting surfaces,
Ba=a; BL4B.

This tube Is & development from the THORN EMI 9302 photomultiplier for direct
measurenent of lonlsing radiation, in the MeV to GeV region, associated with
particle accelerators a&nd nuclesr reactors. It it Intended as an alternative to

the use of an lonisation chember with impreved linearity and response time over
a wide dynamlc range. The tube also has a hlgh reslstance t¢ radiation and Its

high gain capability removes the need for additiopal high galn amplifier stages.

b
F 3
]y sEMm g
|\ EHoTe: 7 J |
MIPs l'. ELECTHONSH | f[_/
L\ ' —5 ACEMs at FLASH collimators

11010 =DYNODES
11 =ANODE
F = FOCUSING ELECTRODE m Instrumentation, 2018 Page 45



SEM Sensitivity (MIPs) :

100ergs — MeV MIP - gram
gram 1.6:10° ergs 2MeV -cm’

| rad = =3.1-10" MIPs per cm’

Sensitive surface @ = 3.2 cm = 8 cm?
=> Sgem = 2.5-10° MIPs/rad - 0.05 e/MIP - 1.6 -10° C/ e = 2 pC/rad (- PMT ;)

—-{ + TiO2
O AI203
A AI203 data -
B TiOZ2 data

SEY [#e-/proton/surface]

Secondary Eleciron Yield [#e<
(=
i
[45]

Data
o.o2 — — —Geantd | -
—fit Data
0.0F -
:l I- L L L L
1] 0.5 i 1.5 2 25
107 T S T A S e S R R Beam intznsity [p+Hbunch] " 1,:1?

10* 10° 10° 107 10° 10° 10" 10" 10"
Primary p+ energy [eV1 itors, CAS Beam Instrumentation, 2018 Page 46



Summing up

Devices using SEM

+ Simple, robust, cheap

+ Radiation hard

+ very linear

+ Calibrated (watch the PMT gain!!!)

+ Very fast

» Needs external amplification

— Very moderate sensitivity (need to integrate the signal)

Sensitivity (MIPs):

lon Chambers: =500 nC/rad (1ltr)

PIN Diode: ~ 50 nC/rad for 1cm? Diode
SEM: = 2pC/rad (- PMT )

=> Need of Sensitive bunch by bunch loss determination (< 1 ms) (e.g. Linacs)
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Scintillation counters

Using light

Remember:
The amount of losses is proportional to the number shower particles

=> Fully absorption is not necessary.
=> Thin layer of scintillator is sufficient

+ Large area plastic scintillators and liquid scintillators are available
+ It Is easy to cut or form “Plastic Scintillators” to nearly any shape.

- Large inorganic crystals are expensive and small (NaJ, BGO, PbWO4, CsJ, ...)
» Mainly used for full absorption calorimeters in HEP-experiments
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Scintillation counters

Examples of scintillator-PMT coupling with a light guide

_ Scintillator with
T Plexiglass light guide
Lighl guide

%
L= Light guide ! | 'E
g M aluminum foil
! -
Photecathode
PHT
O black plastic foil
B &2 ple of scintillator- .
PM coupling with a light guide ?ssf;e;l:\llseeti%e Dand

Note that the flux density of photons into the light guide is

“Incompressible™ !
=> The cross section of the scintillator should not be larger than the

cross section of the light qguide

B. Michalek
(DESY)
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The light L produced by a particle of

ry

L 1¢cm energy in a scintillator is for small dE/dx
: M. 1. P71 | scintilator (Plastic PVT = Palyvinil Toluene (e.g. for MIPs): _ _
1 | =/ + flucrescent argent) dL/dx = R, dE/dx, where Rq is the ratio
: / photons Minimum lonising Particle Of the average number of emitted
SN S—— dE/dX =2 MeViem  photons to the energy of the incident
et 4 B radiation absorbed by the scintillator
Light guide
ek cr | NE102A: 1/R =~ 100 eV/photon
, (PM must be out of magnetic field 20000 PROtoNs e seintilation light is transported from
5 X Optical the scintillator layers to the photosensitive
/ Contact device via light guides with about
4 / . £.o1 = 60% efficiency (internal multiple
m. m 12000 photons reflections).
pordibec EM HOUSING AND 3600 photoelectrons\
| ELECTROMAGNETIC SHIELDING .
v Electron Photocathode efficiency: ..~ 30%
4 S =1 Gauss multiplier
PMT: Photoelectrons are accelerated to
PMT g, =10°-10° first dynode. Tube has some 8 t015
{1 o 05109 dynodes with large (>>1) SEM coeff.
—_ e'
QUTPUT
" /1 ns20 mAat50 0 gives 1 Volt The shape of the scintillation pulse is
.- ¥ - - .
* M.L.P. = Minimum lonizing Particle characterized by a fast rise time of the order of
1 ns and a decay time of a few ns.

Ref. V Agoritsas, CERN PE-ED 001-92, rev. Nov. 1994
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Emission

Ralalive

Emission spectrum of NE102A

Scintillation counters

Spectral response of a PMT photocathodes

photomultiplier spectral response curves

NE102A

T

Nl

3]-.. I-.
| R® 25
=
11} 3
e 20
&
5 15
o
. =
ar 10 -
E
=
- % 5_
=1
cr
0
250

450 B0
wavelength, A, nm

=l

e [iglkEl| s—green enhanced Dialkali —S20 - mltizlikal
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Scintillation counters

Plastic (NE102)
25x16x2 cm?3

Liquid (BC-501A)
950 cm?® (= 1ltr)

Rad sensitivity (1/e) =~ 1 Mrad ~ 10 Mrad
Density p: 1.032 g/cm? 0.874 g/cm?
Light output R.: 0.01 photon/eV | 0.013 photon/eV
Sensitivity: (CsI(TI):
Rs = 0.06 photon/eV,
1rad p =4.4 glcm?,
\ poor rad hardness)
100erg 830g - 1e¥2 R, ~6-10 photons _
g-rad 1.6-10"erg rad
photons elctrons | 1.6-10™°C
SScint =6 '1014 " €coll “cath )
rad photon | electron

PMT,, =

gain —

174 pmT
rad

gain
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+10 1 1 IIIIII‘ 1 1 LI 1 T T TTTIl
TYPE NO. : R2050
PULSE WIDTH : 50 {ns)
REPETITIONM RATE : 1 {kHz)
1ot 100 .
!f =
4 =
'_
_ e 7 108 < 2500V
E y F, < g
d ~ _1of .
< L ANODE LUMINCQUS / 2200V
> el SENSITIVITY A1 1407 —
|_
= A7
=
[13]
= /
HJ-J 1[.]1 j 1[:|E .ﬂz: _20 Il Il Ll L 1l Il Il Ll L L1l
@ r;’ 7 o 100 101 102 109
]
o] 7 ANODE PEAK CURRENT (mA)
= )4
3 100 - 7 108 Figure 4-23: Voltage dependence of linearity
W 71TV
(8] 105 T
= -l" Ir
< o ,/ _ GAIN(CURRENT | fqp4 < N /
Z Z1 " AMPLIFICATION) T E [,
7 17 g e
.f( 3 SIGNAL K /',
“ OUTPUT ¢ d
1|:|_2 ; 1|:|3 % 107 *, K
200 300 500 700 1000 1500 ® K /
SUPPLY VOLTAGE (V) o S/
Z 108 £
= t / / oark
Figure 4-13: Gain vs. supply voltage i J, / / CURRENT
a 100 ! /
. x: a _ ¢
PMT-Gain depends on HV => Need stable PS E
- - - - _ - —~ L . !&\
Without gain variation=> Dynamic range = 103 g " 7oLy THERMIONIC
<< " MISSION
http://sales.hamamatsu.com/assets/pdf/ 1o | |
- 200 300 500 1000 1500 2000
catsandguides/PMT _handbook_v3aE.pdf
g = SUPPLY VOLTAGE (V)

K. Wittenburg’ DESY, Beam Loss Monitors, CAS Beam || Figure 4-38: Typical dark current vs. supply voltage characteristic



Scintillator assemblies and
installations in FLASH and XFEL

LED for testing the functionality of the BLM
Otherwise => No BLM signal =
» okay for MPS

- Single
Bunch

... 10 Bunches

] Integrated
' loss

over 100
bunches

XFEL Beam Loss
Monitor System
A. Kaukher, et al.,
(BIW12)

—-0_ 002} 1 3 ow |8 i | I | I T T |
330, 6§00 . G50, T00. Ta0. #0Q . H30. H00. Iﬂﬁﬂl.

anh.
Reg= 1,Buf= 3



Lows Sigmal Carbwtoary vt )

Change of light transmission due to radiation

10 /s i
‘\ —-byEider - byBup & byslpis-some
| Sample name By y-ray | By proton beam loss
[kGy] [KGY]
:.\ Plastic Scintillator 1100 230
*\ﬁ_h_ .
Aan==uuEED The radiation Dose which makes 1/e
. reduction of the original transparency
0 1 : S. Goulding, R.H. Pohl 1972
Accvmilated Dose 345

=> Radiation Hard Scintillator: e.g. Liquid Scintillators
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Change of light transmission due to radiation

S. Goulding, R.H. Pohl 1972

Reviewing relevant papers is an essential
part of any survey. In this case, we feel rather
like the schoolboy asked to discuss the color of
water. lle recalled reading of "the blue Med-
iterranean”, "the green lagoons of the south-seas"
"the gray Baltic Sea", and "the blood-red ocean
reflecting the setting sun", Naturally, he con-
cluded that the color of water depends on both
the time and place of observation! The literature
on radiation damage in detectors could well lead
to an“equally valid conclusion.
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Some other light based BLM Types: | Cherenkov light

Cherenkov effect: Occurs when the velocity of a charged particle traversing a
dielectric medium is faster than the speed of light in that medium. Photons are
emitted at an angle defined by the velocity of the particle 8 and the refraction
Index n of the medium. The light can be focused on PMT to build an BLM.

photon yield :OI—N:2-7z~ozosin2®-(ﬂ11 _1 j

dx A,
CoSO® = ﬁ with #>1/n;a =1/137.036 and 4, = wavelength interval
dN . hotons
Photocathode sensitive at 350-500 nm=> ™~ =390-sin°® P -

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018
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dN AN _290.sin26 photons /
dx cm \
Assuming
MIPs: => =1
Fused silica: =>n=155=>0 =

Cherenkov light

"__.__.___
—_— -

&.onn =80% (only for directed light!!), e ., = 30%

A detector of 10x10x10 cm3 (1 Itr.)

1 rad

Scpe =171

.1-107|\/||PS. 227\
m?-rad_—" MIP

0% photons

rad

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018

"Eeoll "€

.1000cm?® = 7-10%

1.6-10°C
o

cath =

49.80=> 227 photons/cm

good radiation hardness

photons
rad
PMT,,;, = 270C . PMT,,,
rad
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Cerenkov light in PMT glass

« JLAB FEL: detect Cerenkov light in PMT glass
e cheap 931B PMT, mainly blue sensitive

e quite radiation tolerant, darkening of glass compensated by HV
(~10% HV change needed this far)

« cheap housing (1.5" plastic water pipes)

e controls strong beam losses

 not sensitive enough for
,hormal losses*

Kevin Jordan, JLAB
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THE CHERENKOV EFFECT IN OPTICAL FIBERS.

There are two major issues to address when
considering the Cherenkov effect in single
quartz optical fibers.

1) the light yield caused by the passage of a
single charged particle in a fiber.

2) the probability of survival of the emitted

Particle
trajectory

photons. N
Cherenkov cone for =1 particles is ® = 47°. .
The condition for capture and transport down e
the fiber is given by: \ﬁ °
. [n , P
E>arsin nc'ad 1 N

core

and & depends on (shower) particle trajectory.

2 2 _
\/ncore ~Nag = NA Numerical Aperture = 0.3
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THE CHERENKOV EFFECT IN OPTICAL FIBERS.

The distribution of photons trapped
inside a fiber as a function of the
Impacting particle's angle o and
Impact parameter b. NA =0.37

Assume (simplified, assume same n)
R=100 um = 0.01 cm

L =100cm

Vol = R%*n*L = 0.03 cm?®
Compare with 1 Itr. (1000cm?3):
Sche = 270 nC/rad Q
= Stipre = Sche ¥3*10°*0.37=

Mumber of Photons

= Sfipre = 3%103 nC/rad
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Summing up

Devices using Scintillation/Cherenkov light:

+ Very high sensitivity (Scintillation)

+ Radiation hard (Cherenkov)

+ Very fast

+ Huge variation of shapes possible (Scintillator)

— Expensive (PMT + HV)

— Calibration: PMT gain has to be stable (drifts)

— Moderate radiation hardness (Scintillator)

* Needs photon-to-charge converter (PMT, APD, PIN, ...)

Sensitivity S (MIPs):
lon Chambers: 500 nC/rad (1ltr)
PIN Diode: 50 nC/rad for 1cm? Diode
SEM: 2 pClrad (- PMT ;) (8cm?)
Compton diode 4 nCl/rad (photons only!)
Org. Scintillator = 17 uC/rad (- PMT ;) (1 Itr.)
Cherenkov =270 nC/rad (- PMT ;) (1 Itr.)
= 3-10° nC/rad(- PMT;,) for 1 m Cherenkov fiber

U

w
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Optical fibers (Cherenkov light)

A Beam Loss Monitor (BLPM) based on Cerenkov light in optical
fibers allows real time monitoring of loss location and loss
Intensity like in PLICs. The fast response of the Cerenkov signal is
detected with photomultipliers at the end of the irradiated fibers.

=3 \rensiTy Using high purity quartz fibers (suprasil):
Ryt * Only Cherenkov emission,
e N=1.457,

Q@ :: POSITION | 777777 ST Tttt TTTTTTTTTTiTmommommmmmomeoes STt
o Scintillating fibers are very sensitive to

radiation (1/e at =108 rad)---
PHOTODETECTOR « Give about factor 1000 more light ---

TIME MEASUREMENT

kt IRRADIATION FIBER OPTICAL CABLE

* W:pa rticles
Vacuum chamber wall
P e Jet

Optical fiber o
ACCELERATOR | PMT
"ﬁc*.h

: — : | 6 >
Local Beam Loss and Beam Profile Distributed beam loss monitor based on the Cherenkov |
Monitoring with Optical Fibers, F. Wulf, effect in an optical fiber, Yu Maltseva, et al., Phys.Usp. 58 \

M. Koerfer DIPAC2009, Basel, Switzerland {| (2015) 5 , Page 64




Fibers embedded in FLASH
undulator vacuum
chamber

Photos by U. Hahn, DESY
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PM,_, [mV]

Optical fibers (Cherenkov light)

Along accelerator (TTF)

0.0+
-0.24
-0.4+ .
-0.64

‘0-8_| | | | | |

O 100200 300 400 500E
Time [ns]

L

B

Light travelling speed ~0.66-c
Position resolution = 1 ns = 20 cm
Some km long fibers possible

Longitudinal loss profile
and transversal loss position

800
Beam —— PMT Channel 1
1 - —— PMT Channel 2
PMT Channel 3
600 — PMT Channel 4
400 -
200
—
[a)
=z
>
8
0 T T T T T
250 300 f 350 400
TimeI [ns] T
Screen Quad Pump Quad Screen Quad Pump  Quad

BEAM LOSS POSITION MONITOR USING
CERENKOV RADIATION IN OPTICAL FIBERS. M.
Korfer et al., DIPAC 2005, Lyon, France
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Neutron BLMs

Neutron Detector

230 radin

Figure 1: Neutron Detector 15 a 230x157x150mm box.
PMT 15 inside x-ray shielding (lead) and 15 surrounded by
polvethylene neutron moderator.

« 35 mm poly moderator

« Li(n,alpha)

« Scintillator detects the alphas -
e PMT @
" (.
« 104 -10%n/cm2s > “7I>
e 0.03eV-3IMeV
5 Managad by UT-Battelie Sample __ Detector

T OIWILSUTEL
for the Department of Ensrgy A Zhubov SN3 BLM Systam Owerviow Detectors, Messursments, Simudstions WWEFOL - HB2005 2262005 D Tl L lag o

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page
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Neutron BLMs

Counts

neutron Y

:IDMMUND

"BORON

An insight into neutron detection from
polycrystalline CVD diamond Films; C.Mer et
al., Diamond and Related Materials 13 (2004)

Detection efficiency: 0.5% for thermal neutrons
(A7 Diamond Thermal-Neutron Monitor Data sheet, cividec.at)

10° =,
= ®Li(n,t)*He
10° =
- t (186 keV FWHM)
10° & /
- o
100 =
10 =
E ® CIVIDEC
L | I 1 | Il | | | | 1 |
1 3 4 5
Energy [MeV]

The A7 Diamond Thermal-Neutron Monitor can be adapted for application where
particle discrimination is of interest. With the ROSY® AX106 n-y Discrimination
Application, background photons are rejected in real time with an efficiency of
99%, for a puristic thermal-neutron measurement for count rates up to 3 MHz.

The Figure shows resulis from a measurement in the thermal neutron beam at the
Institute of Atomic and Subatomic Physics of TU Wien, Vienna/Austria. Despite the
high photon background from the reactor, the o particles from ®Li(n,a)t could be
extracted from the spectrum.

https://cividec.at/index.php?module=public.product&idProduct=6&scr=0
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Do not forget:
Electromagnetic
particles (here
photons) can
generate
neutrons!

K. Witt

Interaction Cross Section (b) Interaction Cross Section (b)

Interaction Cross Section (b)

- — g
F Photoelectric Effect 1
1 [ Compton Scattering - - - -
107 & T Pair jon—-— 3
:\ [ uw’PhotonucleM Reactions )
10" g \ N .
10" = Sy
10" = ———
3 i ]
107" E7=13 - -
E . /! 7~ \ 3
F Aluminium / { . b
10* 10’ 10° "~ 1 10° 10" 10"
4
10° £ \
10° X :
10" = ]
10° e ]
e ]
_| ! P ]
107! =19 j
Copper || ( \
I(}_— 1 1111111 — 11 11 1111 = 1 11 111 - 11 - 111 111
10* 10’ 10° 0’ 10® 10° 10" 10"
4
10* g e -- - --
10° \
10%
10" =
10° // \\
107! b
£ Z=82 3
 Lead \ }
IO—E " L |||||||S L |||||||ﬁ AN L III”(.; L |||||||g L ||||||rm L |||||||||
10 10 10 10f 10 10 10

Photon Energy (eV)

Fig. 5: Total cross-sections for photonic interactions in aluminium, copper, and lead

on, 2018
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4. Conclusions I

For MIPs; without (tube-) amplification:

>108 Difference in Sensitivity
between different types

Detector energy to number of [e / (cm MIP)] | Sensitivity S (for
create one (depends on dE/dx, MIPs) [nC/rad]
electron [eV/e] | resp. density)
Plastic Scintillator: 250 — 2500 103 - 104 =17.10% (- PMT,,,)
(1 Itr.)

Inorganic Scint. 50 - 250 104 - 10° =100-103(- PMT,;,)
(1 Itr.)

Gas lonization: 22 -95 ~100 (Ar,1 atm., 20°C) = 500 (- Elecg,n)
(2ltr)

Semiconductor (Si): | 3.6 106 =50 (- Elecy,n)

13 (Diamond)

3.6*10° (Diamond)

(1 cm? PIN-Diode)

=22 (- Elecg,in)
(1 cm? Diamond)

Secondary 2-5%/MIP 0.02-0.05 e/MIP =2:103 (- PMTgup)
emission: (surface only) (8cm?)
Cherenkov light 10° - 106 ~10 (H,0) -200 (fused =270 (- PMTg,) =3:1073 (- PMTg,,) for 1 m Cherenkov fiber

silica)

(1ltr.)

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018
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4. Conclusions II

SUMMARY
Extending the useful dynamic To measure the residual dose and intra-bunch beam

range and Speed of loss meas.: loss phenome equired to be

AI!’ I(_)n Chamber (AIC) + extensively enhance the dynamic range and higher
Scintillator (SBLM) + frequency bzuu:l The double monitor system, P-BLM and

Proportional Counter (P-BLMs)+ 500

And, the introduction of the 5-BEM makes 1t pmmh]e tn
Dose Measurement study more complicated loss mechamism.

Improvement of the Dynamic Range by Short-

2017: The system dynamic | /¢ * P-BLM System
range |S now Wlder than Rascual diss messuramsn OEWm loss 1K\ loss o oolimatar
D5mSvh
160 dB (108).
P-BLM J00k He [ A AO0kHz
We are now designing wof FalMfise | AC I
another fast BLM system Ll%ﬂi.%ﬂi_uuﬂﬁuui_m#mi_mll_dm
- ' - - 0
that shows bandwidth of Guh
Vi
more than 200 kHz '
DEVELOPMENT OF WIDE DYNAMIC RANGE BEAM LOSS MONITOR Upgrade Plan of BLM System of J-PARC MR
SYSTEM FOR J-PARC MAIN RING; K. Satou et al., IPAC’17, K. Satou, et al., IPAC12
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4. Conclusions III

One BLM System is not enough
for

v,

accelerator!!!
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Diagnostic Examples with BPMs I:>

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page 73



4. Conclusion IV

BLM-systems are multi-faceted beam instrumentation tools, which opens a wide

field of applications. A precondition is a proper understanding of the physics of the
beam loss to place the monitors at their adequate positions.

BLM

Strahlungsquelle ELBE
http://www.fz-rossendorf.de/FWQ/
ELBE-Palaver u.a.

P. Michel: Strahlverlustmonitore fur ELBE

Beam Lo0sS




4. Conclusion V

MARWIN @ XFEL

AUTONOMOUS ROBOT

. « FOR MAINTENANCE AND

eV | INSPECTION, A. Dehne,
ICALEPCS2017

N

ROBOT DESIGN L ’ MARWIN: A MOBILE

£ -
3 : = .
i E- — +
different sensors : L [ enee! Linux + ROS
and actuators
an expandable
scissor lift

with QR-codes on XFEL wall,
detected by a CCD camera

additional 96.000

lines of code
MECANUM
wheels
redundant LIDAR based
hardware inside localization

www.genialdual.de

with 2D laser based SLAM algorithm

0924 ) CE] [ i CIE] i g [EE] [T
T e 1§ O T I A Maaris
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4. Conclusion V

MARWIN @ XFEL

: MARWIN: A MOBILE
(,f- ! AUTONOMOUS ROBOT
JQ FOR MAINTENANCE AND
» L INSPECTION, A. Dehne,

A | ICALEPCS2017
Q2
=~ 3

Interlock door at 1100m
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The End ...2

Questions?

Although I gave the Xnswer tc Ultimate

Question of BLMs, Lifé\ *the Uniggrse and
Everything...
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I'm 50,000
times more
intelligent
than you,
and even |
don’t know
the answer.
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Diagnostic Examples with BLM:

Beam Loss Monitoring and Control
Kay Wittenburg, 8" EPAC, PARIS 2002
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3b. Examples: Regular Losses

Injection studies

Lifetime limitations
(Touschek effect, etc.)

Energy measurement
Tail/Halo scans

Loss Maps

Tune scans

Ground motion
Diffusion

Reqular (controlled, slow) loss:
Those losses are typically not avoidable and are
localized on the collimator system or on other (hopefully
known) aperture limits. They might occur continuously
during operational running and correspond to the
lifetime/transport efficiency of the beam in the
accelerator. The lowest possible loss rate is defined by
the theoretical beam lifetime due to various effects:
Touschek effect, beam beam interactions, collisions,
transversal and longitudinal diffusion, residual gas
scattering, halo scraping, instabilities etc. These effects
are suitable for machine diagnostic with a BLM system;
the system should be sensitive enough to enable
machine fine tuning and machine studies with the help
of BLM signals:

»sometimes even at low beam intensity to avoid

high losses and/or

»during machine commissioning and

»at various energies during acceleration
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Some examples for reqular (controlled, slow) Losses.
Examples to make diagnostics with BLMs

Ir_uec_tlon _Stl'_ldle_s Several BPMs report high count rates at
Lifetime limitations injection. After injection the loss rate is
(Touschek effect, etc.) low which is commensurate with beam

liftime of about 4 hours. From this graph
Energy measurement one can identify the sites of highest beam

Tail/Halo scans loss.

Loss Maps B Los Moo
Tune scans
Ground motion

Diffusion o

4000

3500

300

Counts 2500
2000

15000

1]

BLM Number T oAy
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Lifetime limitations

Touschek effect: Particles inside a bunch perform transverse oscillations
around the closed orbit. If two particles scatter they can transform their
transverse momenta into longitudinal momenta. If the new momenta are
outside the momentum aperture the particles are lost. Good locations for
the detection of Touschek scattered particles are in high dispersion
sections following sections where a high particle density is reached. Since
the two colliding particles loose and gain an equal amount of momentum,

they will hit the in- and outside walls of the vacuum chamber. In
principle the selectivity of the detection to Touschek events can be
improved by counting losses at these locations in coincidence.

O—h.r/' ————— >

Beamdirection

Coulomb scattering: Particles scatter elastically or inelastically with residual
gas atoms or photons or emit a high energy photon (SR). This leads to betatron
or synchrotron oscillations and increases the population of the tails of the
beam. If the amplitudes are outside the aperture the particles are lost. Losses
from elastic scattering occur at aperture limits (small gap insertions, septum
magnet, mechanical scrapers and other obstructions). If, in an inelastic
Coulomb collision, the energy carried away by the emitted photon is too large,
the particle gets lost after the following bending magnet on the inside wall
of the vacuum chamber.

K. Wittenburg, DI
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Some examples for reqular (controlled, slow) Losses.

Examples to make diagnostics with BLMs

* Injection studies

Lifetime limitations
(Touschek effect, etc.)

e Tail/Halo scans
e Loss Maps

e Tune scans

e Ground motion
e Diffusion

Energy measurement

P. Kuske, DIPAC2001,
Accelerator Physics
Experiments with Beam

Loss Monitors at Bessy

Counts

ma 150k
104}
F100 p
“elastic Conlomb lossesr
103 TmlsT(:hek losses
beam cuvent M2 B
100 1A
S0 mA -
1o?
= F‘-;-xc [lcHz]
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Some examples for reqular (controlled, slow) Losses.

Examples to make diagnostics with BLMs

* Injection studies

e Lifetime limitations
(Touschek effect, etc.)

 Energy measurement
e Tail/Halo scans

e Loss Maps

e Tune scans

e Ground motion

o Diffusion

Loss rate [kHz]

This technigue measures the energy-dependent precession
frequency of the electron spin. An electron beam in a storage
ring can become self-polarized due to the Sokolov-Ternov
Effect. A storage ring has a number of depolarizing spin
resonances. These energy dependent depolarization can be
measured by a the frequency of a depolarizer and the change
in the local beam loss rate since the Touschek lifetime
increases with the polarization of the electron beam.

1.8
7.6 : T 1180
i "’ g.t }a ="1:~ L]
7 S sak M T .
4 g ¢ 4 1 ‘ 1N
R s . :gg ! L i?‘h
T2 ; " 4} L ! . ‘%3‘1:‘3 [ §
Lo i _:...‘.- S AR *
70 }.« < L %1179
" iy 4
% :
6.8 -
6.6
17:50 17:55 18:00 18:05 18:10 18:15

Experiment time

Sweep frequency [kHz]|

Measured
beam energy at
SOLEIL. The
accuracy was
5.9*10° with
beam energy as
2.73724
+0.00016 GeV

Beam Energy Measurement by Resonant Depolarization Method at VEPP-4M, lvan Nikolaev, et al., CERN-BINP Workshop for Young Scientists

in e+e- Colliders, Geneva, Switzerland, CERN-Proceedings-2017-001

Precise beam energy measurement using resonant spin depolarization in the SOLEIL storage ring.

J. Zhang, et al., Nucl. Instrum. Methods A697 (2013) 1-6.
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Some examples for reqular (controlled, slow) Losses.
Examples to make diagnostics with BLMs

0 2 4 &6 & 1 12 14 16 ing
JELEN LI I L DL BELENN LA DL B
,_E_ i 1 Gaussian with 38 nm enmuttance
—— : ; | Measurement of the
Injection studies E 1 \ o colliomtors fir out horizontal beam
) . . . . -.F_':' L IS 1o LA .
Lifetime limitations = ] Laﬁ;;rgfggagﬁw
(Touschek effect, etc.) Em-i : & COLHQSIBR4 10860 and for different
£ : collimator settings
Enfargy measurement : at LEP Thetailis a
Tail/Halo scans 2| result of Compton
L M 10 : scattering on
0SS Viaps : thermal photons
Tune scans af (black body
i 10 7 ¢ radiation of vacuum
Diffusion :
-4
107 ¢
1[]-5- II'I Illlllli.l III IIIIIIIIIII 11 1
0.5 1 1.5 2 25 3 3.5
collimator position/ s (10> V)
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Some examples for reqular (controlled, slow) Losses.

Examples to make diagnostics with BLMs

* Injection studies

e Lifetime limitations
(Touschek effect, etc.)

* Energy measurement
e Tail/Halo scans

e Loss Maps

e Tune scans

e Ground motion

e Diffusion

Controlled Transverse Blow-Up of High Energy
Proton Beams for Aperture Measurements and Loss
Maps; W. Hofle et al., IPAC12, New Orleans, Lousiana,
USA

Anomaly Detection for Beam Loss Maps in the Large
Hadron Collider; G. Valentino et al., IPAC’17,
Copenhagen, Denmark

A controlled transverse blow-up of only a small
number of bunches. This controlled blow-up is
also desirable for measuring and verifying the
mechanical aperture/collimators of the LHC. Here
an increase of the transverse emittance of a low
Intensity bunch up to the mechanical aperture
limit is performed.

n IP2 IP3 P4 5 IPE IP7 IPE IP'1

- Loss maps
o oObtained by

3 crossing the

-1 third-order

d resonance with

3 one nominal
bunch in the
LHC (blue: cold
part of LHC, red
& and black: warm

3 part).
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[l
I 1
W
5 10 15 n 25

0
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Some examples for reqular (controlled, slow) Losses.
Examples to make diagnostics with BLMs

Injection studies

Lifetime limitations
(Touschek effect, etc.)

Energy measurement
Tail/Halo scans

Loss Maps

Tune scans

Ground motion
Diffusion

counts
omd

1104

K,

..
..| " 1 PR T T T
+HH t i —+—++
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Some examples for reqular (controlled, slow) Losses.

Examples to make diagnostics with BLMs

Injection studies

Lifetime limitations
(Touschek effect, etc.)

Energy measurement
Tail/Halo scans

Loss Maps

Tune scans

Ground motion
Diffusion

K. Wittenburg, DESY, Beam L0ss
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Some examples for reqular (controlled, slow) Losses.

Examples to make diagnostics with BLMs

Injection studies

Lifetime limitations
(Touschek effect, etc.)

Energy measurement
Tail/Halo scans

Loss Maps

Tune scans

Ground motion
Diffusion

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018

Loss Rate [H:] HERAp

14.25 143 14.35

Collimator Position [mm] 4+ 1.8mm

}a f; 1

14.4 14.45 145 14,55
timne [hl
The diffusion parameters at different
tune modulation settings are measured
by retracting a scraper from the beam
tail and observing the adjacent loss rate
decrease and slow increase afterwards

|
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|
36—
3.8
4 . i ‘. J A ;
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time [h]
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Examples for Irreqular Losses

Irreqular (uncontrolled, fast) losses may result in:

« High current/brilliance machines (Ring or Linac):
Destruction of Vacuum-Components

e Superconducting machines: Quench protection
» Activation of environment due to losses

« Commissioning: Obstacle

 Vacuum Problems (Coulomb Scattering)

* Microparticles

e UFOs

The irregular losses may be distributed around
the machine and not obviously on the collector
system. Can be avoided and should be kept to low
levels:
v'to keep activation low enough for hands-on
maintenance, personal safety and environmental
protection.

v’ to protect machine parts from beam related
(radiation) damage (incl. Quench protection and
protection of the detector components)

v" to achieve long beam lifetimes/efficient beam
transport to get high integrated luminosity for the
related experiments.

These higher levels losses are very often a result
of a misaligned beam or a fault condition, e.g.
operation failure, trip of the HF-system or of a
magnet power supply. Sometimes such losses have
to be tolerated even at a high level at low
repetition rates during machine studies. A beam
loss monitor system should define the allowed
level of those losses. The better protection there is
against these losses, the less likely is down time
due to machine damage.

A post mortem event analysis is most helpful to
understand and analyze the faulty gondit!on.
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Irreqular Losses

A serious problem for high current and high brilliance accelerators is the high power

density of the beam. A misaligned beam (e.g. Kicker failures ...) is able to destroy the beam
pipe or collimators and may break the vacuum. This fact makes the BLM System one of the
primary diagnostic tools for beam tuning and
equipment protection in these machines.

Irreqular (uncontrolled, fast) losses may result in:

e High current/brilliance machines (Ring or
Linac): Destruction of Vacuum-Components

e Superconducting machines: Quench protection
» Activation of environment due to losses

« Commissioning: Obstacle

 Vacuum Problems (Coulomb Scattering)
Microparticles




Superconducting accelerators need a dedicated BLM-system to prevent beam loss induced
guenches. Such a system has to detect losses fast enough before they lead to a high energy

Irreqular Losses

deposition in the superconducting material.

Irreqular (uncontrolled, fast) losses may result in:

High current/brilliance machines (Ring or Linac):
Destruction of Vacuum-Components

Superconducting machines: Quench protection
Activation of environment due to losses
Commissioning: Obstacle

Vacuum Problems (Coulomb Scattering)
Microparticles

UFOs

K. Wittenburg, DESY, Beam Loss Monitors, CA
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Irreqular Losses

Activation is strongly correlated with beam losses. Very important issue for accelerators to shield
components (e.g. hands-on maintenance, radiation damage) and the environment (e.g. ground

water and air activation, personal safety) O Mam e 055 MOWTOR  Ta/0esm 0 a7 4 cam . w
396
SIGNAL (V) -0 Q2
Irreqular (uncontrolled, fast) losses may result in: : ? | !
: . . . : _ ol KEK B Beam Loss
» High current/brilliance machines (Ring or Linac): : distribution
Destruction of Vacuum-Components B s around the
. . . ,' main ring up
« Superconducting machines: Quench protection . i to flat top end
« Activation of environment due to losses EGa'” 2)
e Commissioning: Obstacle o | J
 Vacuum Problems (Coulomb Scattering) %5 0 - o
- - |234]5671?34n55?l23456?123456?
* Microparticles . e O v
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Beam Loss Monitoring System with free-air lonisation Chambers, H.
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Measuring correlations between beam loss and residual radiation in the | Gain 200

Fermilab Main Injector. Bruce C. Brown, et al., HB2010, Morschach, CH

Beam Loss and residual dose at 100 KW operation in the J-Parc Accelerator,
K. Yamamoto et al., HB2010, Morschach, CH
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Irreqular Losses

An Obstacle in the beam will prevent beam transport or circulating: RHIC Commissioning: Loss
pattern evolution as beam was steered locally around an apparent obstacle. When the losses there
went away, beam began circulating. Reason found at 2 location: RF Fingers

Irreqular (uncontrolled, fast) losses may result in:

* High current/brilliance machines (Ring or Linac):
Destruction of Vacuum-Components

e Superconducting machines: Quench protection
« Activation of environment due to losses

« Commissioning: Obstacle

« Vacuum Problems (Coulomb Scattering)

* Microparticles
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Irreqular Losses

There is a nice correlation of the beam loss detection and the vacuum pressure.
Helps to detect leaks and improve residual activation.

Irreqular (uncontrolled, fast) losses may result in:

High current/brilliance machines (Ring or Linac):

Destruction of Vacuum-Components

Superconducting machines: Quench protection

Activation of environment due to losses
Commissioning: Obstacle

Vacuum Problems (Coulomb Scattering)
Microparticles

UFOs

Residual Gas Pressure Dependence of Beam Loss,
Akihiko Miura et al., LINAC10, Tsukuba, Japan

Dependence of Beam Loss on Vacuum Pressure
Level in J-PARC Linac, Guohui Wei et al., IPAC"11,
San Sebastian, Spain

Beam Loss Diagnostics Based on Pressure
Measurements, E. Badura et al., DIPAC 2003 —
Mainz, Germany

Loss monitor signal level (V)

U. Weinrich, Mastering beam losses on small gap
vacuum chambers in synchrotron light sources;ESRF
Dortmund, Univ., Diss., 2000 Beam Lo0s{
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Irreqular Losses
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Irreqular Losses

Lifetime reduction events correlate well with losses seen in the HERA electron loss monitors. In

this example the brief disruption of lifetime is seen in the loss monitor SL191, and the

irreversible disruption is seen in the monitor WR239

Irreqular (uncontrolled, fast) losses may result in:

High current/brilliance machines (Ring or Linac):
Destruction of Vacuum-Components

Superconducting machines: Quench protection
Activation of environment due to losses

(m&)
1

I 207

104

5

lifetime 7
current |

7 [h)

20

15

10

Commissioning: Obstacle

Vacuum Problems (Coulomb Scattering)
Microparticles

UFOs

BLM-
rate

(kHz)

b)

30

20 +

10 +

0

OL1%1

The Electron beam Lifetime Problem in
HERA, D.R.C. Kelly et al., PAC 1995

K. Wittenburg, DESY, Beam Loss Monitors,
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Irreqular Losses

UFO = Unidentified Falling Object. Many fills at LHC were terminated by exceeding BLM thresholds
on short time scales. UFOs are presumably micrometer sized dust particles that lead to beam losses
with a duration of about 10 turns when they interact with

the beam. Many UFO events were far below the threshold. |52 1520 1

Irreqular (uncontrolled, fast) losses may result in: = [
I |

i i
B2 [HEFFIIIILI i N b (] 1
- P T 2
200r [_Lt!i_] ~
————————— ‘R.E.\ UEG ==
B location

High current/brilliance machines (Ring or Linac): R
Destruction of Vacuum-Components '

Superconducting machines: Quench protection o

Activation of environment due to losses [ .
Commissioning: Obstacle

Vacuum Problems (Coulomb Scattering)
Microparticles , J N
UEOS i = L e

(a) Spatial loss profile (ring BLMs).

~
-

W
———
R

Fit parameter:

Peak koss: 8.1 Gy/fs
Temparal width: 84 us

| | tegrated Loss: 1.7 Gy

\ P wel It los: 18 mGy

Loss Signal RS1 [Gy/fs)
-
=

o0 1.0 1%
Time [ms]

(b) Temporal loss profile (ring BLM).

[ 130mv

Dump |

T—p

SOus J Page 9
K Wittenburg DESY. Beam L0SS |\/|0nit0I’S C. (c) Temporal loss profile (IR7 diamond BLM, 50 us/div).



Challenges associated to measurements of losses

Just a small selection:
a. Very low energy machines
b. High background

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018 Page



4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

Solutions:

Differential current measurement
e Limited position resolution
 LINAC/transport only

BLMs very close to beam pipe
* Risk of wrong position

BLMs sensitive to neutrons
* Limited position resolution

Very sensitive BLMs

Use of BLMs at collimators

PROL SCRERVER INSTITHT

Current & Transmission

measured  teriock limits
= Beam current monitor: an important \ _ 7!
diagnostic for machine operation B B
= Used for transmission \;ﬁ_hﬁ__f_
measurements e -
= Example: @ gF e

Target E transmission
(MHC4-MHC5 comparison)

transmission [%]

Expected transmission

50

00

Beam current [uA]

P-A Duperrex, M. Gandel, D. Kiselev, Y. Lee, U. Miiller
2992010 HE2010 - Morschach

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018




4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

Solutions: that complements ionization chambers. A

ot specifically designed device, the halo monitor ring
. lefere_ntl_al currepft measurement (HMR), is implemented upstream of each

* Limited position resolution crvomodule to detect beam loss directly. Together

» Linac/transport only
HMR Mechanical Design 1
CL mauniing plate

« BLMs very close to beam pipe
* Risk of wrong position
* BLMs sensitive to neutrons
* Limited position resolution
* Very sensitive BLMs s
» Use of BLMs at collimators

i Cu shisd
116" thick

Beam Loss Monitor System for the Low-Energy Heavy-lon FRIB Accelerator

uge B-32 fhreaded ingerts in
Cu mownihg plole machine
and palish flol bath suoces

Zhengzheng Liu, Tom Russo, Bob Webber, Yoshishige Yamazaki, Yan Zhang <1um Ro

IBIC 2013 poster

NO._S Ballzdlla Wagher
Flainlezs aleel
ol ) i

i / Wekaster 6713K12

g 532 sloinless stesl
! wdeuum sletied

16-32 stoinkss sies
wacuum soiled stud
Le flab ard leek woshers

-> Also: Cryogenic BLMs (not at low energy)

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018



4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

that complements ionization chambers. A
specifically designed device, the halo monitor ring
(HMR), is implemented upstream of each

Solutions:
o Differential current measurement

* Limited position resolution cryomodule to detect beam loss directly. Together
* Linac/transport only with fast response neutron scintillators, the new

* BLMs very close to beam pipe integrated BLM system satisfies both machine
* Risk of wrong position protection and sensitivity requirements.

« BLMs sensitive to neutrons

e Limited position resolution
* Very sensitive BLMs
 Use of BLMs at collimators

HMR Mechanical Design
CL MGURIng plate

Hb Halle Ring

i Cu shisd
116" thick

Beam Loss Monitor System for the Low-Energy Heavy-lon FRIB Accelerator

uge B-32 fhreaded ingerts in
Cu mownihg plole machine
and palish flol bath suoces

Zhengzheng Liu, Tom Russo, Bob Webber, Yoshishige Yamazaki, Yan Zhang <1um Ro

IBIC 2013 poster

NO._S Ballzdlla Wagher
Flainlezs aleel
ol ) i

i / Wekaster 6713K12
i

B-37 =ieiness steal
wdeuum siotied
wackeet head cop sorew

16-32 stoinkss sies
wacuum soiled stud
Le flab ard leek woshers
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4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

Solutions: Challenges: Low energy part of linac
» Differential current measurement
. Limited position resolution ~ * low energy beam (<20MeV)

o Linac/transport onIy — IC not sensitive enough
— ND sensitive, but hard to calibrate (no sufficient experimental data

 BLMs very close to beam pipe for reliable simulation)
* Risk of wrong position — Still the biggest issue
e BLMs sensitive to neutrons
* Limited position resolution ' , Lo asitn

* Very sensitive BLMs
 Use of BLMs at collimators

Tirrie

& Alznzged b UT-Battellz
for the Department of Enerey A Fhukoy NS BLM System Owerview Detectors, Measursments, Simulstions WEF04 - HE2008 2262008
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4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

Solutions: Challenges: Low energy part of linac
» Differential current measurement
« Limited position resolution
e Linac/transport only

e |low energy beam (<20MeV)

IC not sensitive enough
— ND sensitive, but hard to calibrate (no sufficient experimental data

 BLMs very close to beam pipe for reliable simulation)
* Risk of wrong position — still the biggest issue
» BLMs sensitive to neutrons - :’MTS are supposed
. . ) o help .
« Limited position resolutjog—> | Loss Waveform

* Very sensitive BLMs
 Use of BLMs at collimators

1 [ 1 1 1 [ 1 I
0.00025 0.0005 O0.00075 0.001 0.00125 0.0015 0.00175 0.002
Tirre

OAK
§ Mznzzd by UT-Battalke RIDGE
for the Department of Enerey A Fhukoy NS BLM System Owerview Detectors, Measursments, Simulstions WEF04 - HE2008 2262008 " atimal Laberrafory
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4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

Solutions:

 Differential current measurement 8 lonization Chambers
« Limited position resolution
e Linac/transport only

. Ext. Int.
* BLMs very close to beam pipe cha m.. . . .
» Risk of wrong position COLLIMATOR longitudinal view .o.w wm chaber
« BLMs sensitive to neutrons . ot

* Limited position resolution
* Very sensitive BLMs

. Beam -
e Use of BLMs at collimators .
« Known loss location _FB
e Aperture limit

* Highest loss rate (hopefully)
 Machine + Collimator Protection

internal side view

11/26/2004, Coll. WG Meeting E. B. Holzer 3

o “Tails” in distributions are from the beam.

 BLM signal is linear with proton intensity.

o Left-right asymmetry of the shower depends on the
collimator gap size and gap position.

« Slight top-bottom asymmetry?

 BLM signal depends on the impact position on the jaw.

o Compares ~ OK with simulations (TT40).
K Wlttenburg DESY, DTUITT I-UO0 TVIVUTITUUT O, U\J DJUUIITT 1irotrurtieriiuautnvlt, UV iLuJy




4a) Challenges associated to measurements of losses at

low energies

The problem: No or very few secondaries outside the vacuum chamber

3.50E+00

2" coflimator -+-#----ORBIT

Solutions: | o ; B
- Differential current measurement |3 el -

o Limited position resolution | § ... A >

e Linac/transport only E i il :
« BLMs very close to beam pipe - : - -+ S

« Risk of wrong position AR I e NIt ST N TR SR AT NN
* BLMs sensitive to neutrons | Postion (m)

* Limited position resolution
* Very sensitive BLMs

Figure 4. Benchmark of the beam loss pattern for a single minipulse of beam collimated in a two-stage system. The
pink boxes are the measured BLM readings, converted to energy deposition. and the blue diamons are the ORBIT
simulation results.

e Use of BLMs at collimators SNS PACO?/LINACN
 Known loss location 0.018 o
.. 0014 kb OMEET colimatar in
o Aperture limit = o, [[EVEST colimator out
 Highest loss rate (hopefully) € oo |
. Machlne + Colllmator Protection 4 .. |
% | y R ' ' é 0.006 F
; oo 0004 b
000z
0.000 il e | NP S
11 21 H 41 a1

HEET, IDump BLM number

Plot of measured beam loss along the HEBT and IDump (Injection Dump)
with the MEBT collimator in and out. Data shows significant reduction in
beam loss in the HEBT and IDump with the MEBT collimation.

From R. D0|||ng PSI) 'S, CAS Beam |nStrumentatI0n 2018

0.9 and 72 MEV Proton collimator at PSI Cyclotron (Pic.



4b) Challenges associated to measurements of losses at

high background

The problem: Limits the dynamic range

1. EM Noise RTcBu'I;rr;gjtselEM interference with the beam or image
Reasons:

* Shielding

e Ground loops

« RF

= Problem is present
with beam only

- Gets worse with
beam charge

 PSripple (from magnets, from HV)
* Kickers, septum

. Magic increase
* Ghosts
» Sabotage
[ ]
. OAK
Solutions: Bl 4 Zasor 135 Sysem Ovevion Deocors, Messremrts, Smiatons 1G4 -+82008 328203 b

Blame the others!
(not very useful, | know...)

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018



4b) Challenges associated to measurements of losses at high

background
The problem: Limits the dynamic range L e L1
2. X-ray from cavities
Reasons:
* Released electrons from cavity
e Magic
* Ghosts
» Sabotage
[ ]
RN B A R T T AL
Solutions: o000k
« Subtraction by software Figure 4: BLM signals from a single bunch and dark cur-
e Useofa X-ray iInsensitive detector rent at FLASH (April 2012): BLM with SQ1 synthetic
fused silica (top, HV=700V) and BLM with a scintillator
Loss Waveform (HV=550V).

XFEL Beam Loss Monitor System
A. Kaukher, I. Krouptchenkov, D. Noelle (D. Ndlle), H. Tiessen, K. Wittenburg
IPAC12

Beam loss

Optical Beam Loss Monitor for RF Cavity Characterisation
A.S. Alexandrova et al., IBIC2017, Grand Rapids, Ml, USA

| | | | | | | I
0 00005 0001 00015 0002 00025 0003 00035 0,004
Time

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018



4b) Challenges associated to measurements of losses at high

background

The problem: Limits the dynamic range

2. X-ray from cavities

Reasons:

* Released electrons from cavity
* Magic

* Ghosts

» Sabotage

Solutions:

e Subtraction by software
 Use of a x-ray insensitive
detector

Figure 5: Signals from a gas proportional monitor
(green) and plastic scintillation monitor (magenta) at
SDTL13 section. during beam operation with chopped
beam. The beam current signal with a current
transformer is also shown (yellow).

Beam Loss Detected by
Scintillation Monitor, Akihiko Miura,
etal. IPAC'11

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018



4b) Challenges associated to measurements of losses at high

background

The problem: Limits the dynamic range

3. X-ray from Synchrotron radiation
Reasons:
SR is unavoidable

Solutions:
e Subtraction by software

 Use of a x-ray insensitive detector:

Cherenkov material: Quartz
» Coincidence

K. Scheid, ESRF, 7" DITANET Topical Workshop on Beam Loss
Monitoring; 2011

-
moa

S.L. Krameer NSLS II, 7" DITANET Topical
Workshop on Beam Loss Monitoring; 2011

J. Perry, Jlab, PAC93

K. Wittenburg, DESY, Beam

L. Frohlich, FERMI, 7" DITANET Topical
Workshop on Beam Loss Monitoring; 2011




4b) Challenges associated to measurements of losses at high

background

The problem: Limits the dynamic range

3. X-ray from Synchrotron radiation
Reasons:
SR is unavoidable

Solutions:

e Subtraction by software

* Use of a x-ray insensitive detector:
Cherenkov material: Quartz

« Coincidence: Counting

The Beam Loss Monitoring System at ELSA
Dennis Proft , IPAC12

Installation and Test of a Beam Loss Monitor System for the S-DALINAC
Robert Stegmann, IPAC12

Beam Loss Monitors for the HERA Proton Ring
DESY HERA 90-11

K. Wittenburg, DESY, Beam Loss Monitors, CAS

Coincidence technique: SR-Photons
stop in one or the other PIN diode
and are not counted!

Operating principle
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Reserve slides
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Compton Diode

Only for photons !

Brems-
strahlung-
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Compton Diode

“For a Plexiglas insulator and a
gamma energy of 10 MeV, the
model predicts a Compton
current of 415 nA /(Gy/s)”

i
_
g
&
-
&
E

= 4.5 nC/rad.

Compton diodes as diagnostic tools in accelerator operation,
H.-D. Gréaf et al.; NIM A 512 (2003) 453-458

+Fast
+Simple, cheap
+Radiation hard

-Very moderate sensitivity
-Low energy photons only

K. Wittenburg, DESY, Beam Loss Monitors, CAS Beam Instrumentation, 2018
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current to frequency converter:
e first stage (input cable
length up to 400 m):
* dynamic: about 10’
e input current:
30 pAto 50 mA
* output frequency:
0.05 to several MHz

Tevatron upgraded BLM System:
Dual Charge Integrator (Burr Brown
ACF2101)
Alternately integrating or being
readout and reset
Provides continuous measurement
50 kHz maximum sample rate
16-Bit SAR ADC
DAC to give analog scope output

Page 116




Charge -balanced converter

Integrator v(t) i
C
i (t) I Treshold
Iy [ [ [ comparator
O J—
+
+
v Ve o
Iref l
One-shot
O
~1
A
JL T

- T

Reference

current source f

out _
v .
f _ Iin

| AT =

Comparison of Three Different Concepts of High Dynamic Range and Dependability Optimised Current
Measurement Digitisers for Beam Loss Systems; W. Vigano, et al., IBIC2012, Tsukuba, Japan
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