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Instrumentation---Diagnostics

 [nstrumentation: summary word for all the
technologies needed to produce primary
measurements of direct beam observables.

« Diagnostics: making use of these instruments In

order to
- operate the accelerators ex: orbit control
- Improve the performance of the accelerators

ex: tune feedback, emittance preservation
- deduce further beam parameters or performance
Indicators of the machine by further data
processing

ex: chromaticty measurements, betatron
matching, bunch arrival time

- detect equipment faults
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Example: Instrumentation <-> Diagnostics

a BPM (yesterdays talk) delivers two values:

X,Y...the transverse position of the beam.

It delivers these values per machine turn/beam passage or
per bunch passage in the BPM.

- Diagnostics usage:

Closed Orbit (=: CO)

- Inspection/Correction

- automated real time feedback

- dispersion (CO for different momentum)

Turn by Turn data:

- machine optics (values of beta function, phase advances)
- tune, chromaticty

111 The details of the diagnostics usage determine the
specifications of the instruments. !!!
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o) Orbit Acquisition

21 |

Thu Oct I2 17:20:30 2001

e e e o o e o ] e - E

SPS_orbit elaection
D - Loading correct THISS file... File Bupercycle Hel
QUIT SPS XORBIT V9.01/2K+1 Donc Info | e e e o e E B H |
= Inilial iring Twiss [or 724 elemenls Running 5C 9496

724 elements copied to Twiss Proton 1

Refercnec Orbit Referencee Catalog Send Correction
CLOSED ORBIT : 1871072001 13:19:12
5C = 946 PROTOH [# 598551
no reference set HMOMENTUH — 14.00 GeV
Cancel Correction THISS — ft_inj_ w2001
no date GATH/TIHE = 0O / 1000 ms
AVERACE =1
DP/P — 0.16 permill Proton 1

0 — 9920ms (3920ms)

Load Orbit Skeleton

Difference

Data stored in Jfusrfopt/forbit/hpslx

Roady .

dpfp-offset shown KD Specials

Rejecl al Other Tools

Xdataviewar

L= Horizontal

| oadiSave

. Monitor horizontal
GLOBAL: mean = 0.386 RMS - 0.936 #pu-112

I i A

Da §3.0000 0.41000 dy 8.66748 BPH.41209 3173 7077468 m

GLOBAL: mean = —0.00 = 0.520 #pu=113

AN i

Vertical




Orbit Correction (Operator Panel)

Thu Oct I8 13:24:30 2001

start Tasks I operation I sP5 Topio P Epome Reset B2z meset | active Tasks

SPS_orbit | | =P8 _Selection [ .||

File PBupercycle Hel
E Info | HDV. 42707 . = = =
HDV. 22307 - Running SC 944

XOREBIT V9.01/2K+1 Done

HDVA.21932 . Proton 1
Acquire Reference Orbit Reference Catalog Send Correction MDVA.21703 .
no reference sct MDV. 42707
MON & COD Cancel Correctlon MOV, 22307

no date HDVA.21932 o
HDVA.21703 o 2
. agn . MDV. 42507 -0. Proton 1
Acquisition Time Load Orbit | Difference Humber of iterations required (max U - 9920ms (9920ms)
] ] ] # iterations = &

Control Plane Ready .

Closed Orbit dpip-offset shown MD Specials

Settings & Sperials Reject at X sigma MICADO Other Tools

Hdataviewer

18/10/01 13:23:45

Cu 55.89502 -1.0417 mon

1
Da 26.0000 0.40381 dy 5.63786 BPV.21509 Cu 25.5858 6.04167 diff

Da 4.00000 0.73520 dv —0.7352 BPV.10909 Cu 3.88267 0.00000 res
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CERMASL HDataviewsr 6.4

ZOOMIMzFPick first polnt

Views Subview External Editor LoadfSawve Help I Select

Plot — I Grid OFF — I feraline OFF — I OF OME — I Zoom In — I Box —

Predicted Correction Hesults 18/10/01 13:23:45
o0 Befare Caorrection 1120
GLOBAL: mean = —0.006 RMS = 03520 #pu=113
ST PEPNEL L e I _--_-Il.__|l.l-___|.-_-..--l__..I.l-____l_.lI-_.I._.--l.l-.-I_._l____-l-.__l-l.

I
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-_---_----_-_-_-_-_-_l_._--__-I_l_-_l_-_l_-_-_._I--_l--_---_---------_-_-_-_-_-_-_---_---_---_------_-_---_---_
|
Da 51.0000 —0.4302 dy 4.25372 BPV.325 Cu 50.8729 3.8235 diff
0.0 After Correction 112.0
GLODBAL: mean — 0.017 NMMS — 0.400 u— a
___..__-I.._-__--_-__-.I__--- - -I_-lI---_ll_l__-_l_l____I_-____.--_-_-_-__.I--.ll_.__-l--_ll---l__-_--_-_--ll_

L¥a 51.0000 0569981 dy 6.80019 EPFvV.32509

CusS1.1715 7.50000 res



Outline for Today

o Optimisation of Machine Performance
(“the good days”)

—Luminosity: basics + luminosity tuning, betatron ma

« Various Diagnostics
(“the fun days”)

— Tune & chromaticity measurements

— Dynamic effects: tune and chromaticity control

— Bunch arrival time in FEL

/"¢ Trying to make the machine work

0

(“the bad days”)

— The beam does not circulate!
— The beam gets lost, when changing the beta*

N

That is what
gets reported
on in

i

conferences

- -



Luminosity & Beam-Beam Tune Shift

Number of

Bunches =~ 2. Bunch
: i =f Intensit
Luminosit L=T. -  Intensity
y 471:(5*\ |
_ _ 2 Beam size
Normalized emittance * at the IP

. Nr
Beam-beam tune shift TS 4n—p < 0.006 (LHC)

EN

| MNvyAv,

rev
B.

To maximize L and minimize the stored energy,
Increase N to the tune shift limit, choose a large
number of bunches (M) and a small B.
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@ Luminosity Measurements

In general: Measure flux of secondary particles produced in
the collisions, for which the cross section of production is
known. The fluxrate is a direct measure of Luminosity.

STRAIGHT SECTION

05 04 D' { D1 TIIIHEF‘ TRIPLET
MONL OFE | MOM  MBR OOR  TAN MW [FE A
- a2 - | _
JI il
NG 1
82 ;.4 ki

545

—=

* The TAN absorbs forward neutral collision products (mostly neutrons and
photons) and is placed in front of the outer beam separation dipole D2
eldeal location to measure the forward flux of collision products

*The count rate is proportional to luminosity



1)

2)

)

Improving luminosity

Stronger focusing insertions

—> transition from high beta optics at injection to low
beta optics at collision (so called beta squeeze):

critical process with dynamic effects on orbit, tune and
chromaticty

Smaller emittance and emittance preservation through the
pre-injectors

—> measurements of beam size from low energy beams to
high energy beams

—> betatron matching at injection

Higher intensity: sounds simple, but one needs
diagnostics (and cures) for the onset of instabilities,

real time longitudinal and transverse feedback, control of
radiation Issues, I.e. beam loss monitors.
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@] Optical Transition Radiation Monitors

As Beam hits the 12um Titanium foil 2 cones of radiation are emitted

OTR Screen
-

Beam

Capturing emitted radiation on a CCD gives 2D beam distribution




Turn-by-Turn OTR Results

Next
dinjection
+1 turn

5 15
SPS Turns

Very poor matching!!

B-Mismatch at injection seen as a
beating in the beam profile




Quadrupolar Pick-Up

e Position contribution can not Pick-up seen along

be avoided, but can be & "
measured and subtracted.
e Design suppresses the
dominating intensity signal
by coupling to the radial
magnetic field component.
Beam
Flux line

Induction loop —

Aocib(0+0.4l(x—yj+l.230

r r
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Installation 1n the CERN-PS

Bh Bv Dh

SS03 | 22m | 12m | 3.2 m

SS04 | 12m | 22m 2.3m|

“One pick-up per plane”
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Measurement of Matching

10 free parameters, 20 data points

8X(ﬂx+§-%?_8y(ﬁy +é€_y‘)+

1 2qx !

Quadrupole moment [mm2]

+0,(Di +D, —AJZE‘)

« Simultaneous fit to the e Input parameters
two pick-up signals gives: 5 B, By, D
— Injected emittances. N Al:l \;“ i
Hs vV

— Betatron mismatches. g
— Horizontal dispersion pr G Gy

mismatch. e Most input parameters can

be checked experimentally
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Outline for Today

« Diagnostics of transverse beam motion:
Important tools to stabilize performance at high levels

— Tune & chromaticity measurements
— Dynamic effects: tune and chromaticity control
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Measurement of Q (betatron tune)

QD QF QD

QF ” QF Characteristic Frequency
“U of the Magnet Lattice
LS Produced by the strength of the

SF SIF Quadrupole magnets

* Q - the eigenfrequency of betatron oscillations in a
circular machine

— One of the key parameters of machine operation

* Many measurement methods available:
— different beam excitations
— different observations of resulting beam oscillation
— different data treatment
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Principle of any Q-measurement

G(o)

Beam

BTF: = H(w)/G(w)
Measurément of

petatron tune Q:

Excitatign JaeR W eTE

Transverse beam
Oscillations

- stripline kickers

- pulsed magnets

-
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@

Simple example: FFT analysis

b i

Select Task

“ LA EXTERNAL EDITOR :\I.I.I,(i']‘ |

G (0)) —— fl at suBview | pLot ] NO GRD NO ZEROLINE OF ONE ZOOMING
1 1 - - : tudesClin) versus Lune | _ 13710433 08:54:48
(i.e. excite all frequencies)

Made with random noise kicks

Measure beam position over St
many consecutives turns

apply FFT - H(w)
BTF = H(w)




ey Network Anal

1. EXxcite beams with a
sinusoidal carrier

E
£
[0}
b |
3
-
o
=
o

2. Measure beam
response

frequency

anme{er P e, BN, : Ad 7

3 GLFORE T STl

3. Sweep excitation gk i
frequency slowly
through beam

response

(0 Q.22 0.24 q0.26 0.28
)

frequency
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@] Time Resolved Measurements

 To follow betatron tunes during machine transitions we
need time resolved measurements. Simplest example:

— repeated FFT spectra as before (spectrograms)

SPECTRAHTSTORY L1A0%522 1728251 SPLETRAN LS PORY
lizlory of spacliese Belailee Histery of speciras
Gl SE.2DErent T2

=

|

, “Cu 516,736 25. 1553 S “tu Ihd
Da 355.008 La. 040 dy 8.0 o B Ml 51100 24,0000 dy 1.1552% la 147;
Ladt speciraa of anplitudes(lin® Last specirum of sepliludexllis)

a_ads 0. 05

:i:li":“.':": cpackrus 12 muRDer

Cu 304 628 1060. (00

Wil zpaclionn is nehe X

SRRSO TR Rt o

: : : i "fu 0, 49366 000010
M 0, 26412 00003 dy 0. 0072 Do 0 EA0ME 0. O0GL5 dy 000094
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Principle of PLL tune measurements

This PLL system

looks to the 90 deg.
point of the BTF

BPM
B sin(wt+q)
Beam
Phase detector
Read VCO VCO AB sin(2 ot +¢)cos(op)
FrequenCy: Voltage controlled \
tune! seeeter Frequeqcy control:
At regular : ' i
Time intervalg % Bllife Lowpass

CAS 2007 Hermann Schmickler (CERN - AB)



[llustration of PLL tune tracking

A ™S~

PLL locks on 90° point of BTF

/

o
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i Example of PLL tune measurement

In this case continuous tune
tracking was used whilst
crossing the horizontal and
: o vertical tunes with a power
e w2 103 0200 11030 converter ramp.

HFsus bime

Closest tune approach is
a measure of coupling

“En B0F. 171 DLO992F 11:23:02: 580
Da 20X 000 001941 dy 0, 298
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ey Tune Measurement Systems

o Standard Tune Measurement (FFT) and PLL tune tracker will use a new
BaseBand Tune (BBQ) system developed at CERN using Direct Diode
Detection (3D)

To
Observation
System

Gain
Control
|




~r

&

3D Method Advantages / Disadvantages

Advantages

Sensitivity (noise floor measured at RHIC in the 10 nm range!!)
Virtually impossible to saturate
— large Frev suppression already at the detectors + large dynamic range
Simplicity and low cost
— no resonant PU, no movable PU, no hybrid, no mixers, it can work with any PU
Base band operation
— excellent 24 bit audio ADCs available
Signal conditioning / processing Is easy
— powerful components for low frequencies
Independence from the machine filling pattern guaranteed
Flattening out the beam dynamic range (small sensitivity to number of bunches)

Disadvantages

Operation in the low frequency range
— More susceptible to EMC
It is sensitive to the “bunch majority”
— gating needed to measure individual bunches
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Results from the PS (AD cycle

Mormalized amplitude
Mormo. amplitude

LN 2 : |
4 i e el

120 140

Q Kicker set to minimum

c
O
=
S
3=
o
X
@
S
S
Q
o
-~
©
[=}
X
@
o
Z

f [kHZ] T [kHZ ]
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Measurement of Coupling using a PLL

&

~r

Tune Tracker

Start with decoupled machine =% Only horizontal tune shows up in horizontal FFT
Gradually increase coupling =% Vertical mode shows up & frequencies shift

Fully coupled machine: A = |C|
Ver FFT of Horizontal Acquisition Plane

>

@)

A

Amplitude

Hor

)

Frequency
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@ Measurement of Coupling using a PLL
' Tune Tracker

%

eigenmode 1

V pickup

Tracking the vertical mode in the horizontal plane &
vice-versa allows the coupling parameters to be calculated




@] Measurement of Coupling using a PLL
e Tune Tracker (RHIC Example)

5 Eigenmodeiz
LRI

Eigenmode 1

=
+

=
(=]

Coupling Amplitude or unperturbed tune split

L)
+

L)
=

=
4

=
Loy

=3
+

=
=)

-

A
: ~a

=3
4

=
=

=
+

<
L=l

7

I

09:02:45 09303215 09:03:45 09:04:15  09:04:45 09:05:15  09:05:45  09:06:15 S09:06:45  09:07:15 09:07:45  09:08:15  09:;08:45
Time

Fully coupled Tunes entirely defined
by coupling




el

7~

Chromaticity (Q’ or &)

Spread in the Machine Tune

due to Particle Energy Spread
Controlled by Sextupole magnets

Optics Analogy:

Achromatic incident light
[Spread in particle energy]

Focal length is
energy dependent

Lens
[Quadrupole]
CAS 2007 Hermann Schmickler (CERN - AB)



@w Chromaticity — Its Importance for the LHC?

L2
« Change In b3 during snap-back [
end of precycle constant curr acceleration o

— Change in Q’ of ~150 units injection L,=11500A
« Nominal operation requires
AQ’ <3
« Correction by:

— Feed-forward tables from
magnet/chromaticity
measurements

— On-line feedback from b3

I'ersislent current masnetization
Dipole Magnet: hl=-9.3, hi=-4.2
Quadrupole Magnet: b2= -5.6

Yecay and snap-back

Dipole Magner: bl=2.8,b3=1.2
[ £

Harmomic bo ( Units of 102 at Ok

Quadrupole Magnet: b= 1.68

measurements on reference = 7~ approx. 50 A
magnets E
o
— Possible on-line feedback directly .; “

from chromaticity measurements Time (5)



Chromaticity - What observable to choose?

Tune Difference for different
beam momenta

0

used at HERA, RHIC and Tevatron in
combination with PLL tune tracking

Width of tune peak or
damping time

model dependent, non-linear effects,
Used extensively at DESY

Amplitude ratio of synchrotron
sidebands

Difficult of exploit in hadron
machines with low synchrotron tune,
Influence of lattice resonances?

Excitation of energy oscillations
and PLL tune tracking

Operationally used at RHIC and
Tevatron; prepared for LHC

Bunch spectrum variations
during betatron oscillations

difficult to measure

Head-tail phase advance
(same as above, but in time
domain)

010,00 |0

very good results but requires kick
stimulus = emittance growth!
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Q’ Measurement via RF-frequency
modulation (momentum modulatio

1)
Ve 9.60IV 815,38 s 1hya 100aH s et

Applied Frequency Shift Amplitude & sign of chromaticity
A F (RF)

calculated from continuous tune plot
CAS 2007 Hermann Schmickler (CERN - AB)



@1 Measurement Example during LEP B-squeeze

| NOPATSTORY C Lumne ¥ 2104492 011200

horizantal Eune TeErsUs LilAe
6. B

gh

o B
L At = L
R R b

Cu JEA_256 028935 01:11: 30: 360
Da SEO_QB0 O, 28497 dy 0.00437

verkical tume wersms Lime
A.E

Co 269_222 022309 01:19:-11: 860
Da 269000 9.21548 dy 0.0076
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@ hromaticity & Head-Tail Motion

Positive Chromaticity (Above Transition)
Ap/p
A

Q> Qg

Q < Qg

Longitudinal Phase-Space
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@ hromaticity & Head-Tail Motion

Negative Chromaticity (Above Transition)
Ap/p

Q< Qy

Q> Qg

Longitudinal Phase-Space
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Simulated Response

Simulated Bunch Ewvolution for Zero Chromaticity

100 150 200 250 300 350
Turn NMumber

E
o

Y
8]

Position in Bunch (ns)
N

Simulated Bunch Ewvolution for Positive Chromaticity

| 78 IR

o e
now o

-
[0}

Position in Bunch (ns)
N

100 150 200 250 300 350
Turn Mumber
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Pick-up Response (arb)

Pick-up Response (arb)




The Head-Taill Measurement Principle

Chromaticity = 5

Phase difference between Head and Tail

n
o

Phase Difference (A0)

=)

Start movie




@l Head-Tail System Set-up (SPS)

Fast (2GS/s per channel)
Digital Oscilloscope

SPS Tunnel

Sum

Straight

Stripline
Coupler /

//g/ Difference

Bunch Synchronous
: ™~ :
Beam Beam Pipe j Trigger

VME J
UNIX Acquisition

< = _
User Interface VERELU=I GPIB link




Measuring Q’ (Example 1: low Qs)

Head-Tail Chromaticity Measurement Interface - 23-10-2001_171644 13100ms_449GeV+1 -tHm0.83.ht

File Settings Drawing Options

Acquisition: VERTICAL I CERN/ISL XDataviewer 6.4 ZOOMBACK ORIG:Pick graphfs

. ) ” Views Subview External Editor v LoadfSave Select
Acquisition Time |519100 ms
Plot Grid OFF Zeroline OFF OPALL Zoom Back Orig Box

Help

1106
Bunch Selector R Hoad Tail Data Z0/09/02 11:11 :47
Time fns) Head Dal
. 49 -19.0 6
Bunch Adjust - | ]
Triger Position (%)
25
Acg. Window LT
Time {ns)

J 3900

Tarns

Scale: 3 AN
Head-Tail Analysis:

Humber of Turns i { || |‘|‘H “ ‘
‘ i H\ “ “‘ H

Chromaticity = -0.3946 (-10.5) Da 149.000 14.666 dy -30.855 u149.412 —16.189 pl_head Da 149.000 -3.936 dy -8.4963 Cu149.412 —12.434 pl_tail

1.0 Phase Dal Chromaticity = -0.4 (-10.49735) [ sigma=0.036 (1.02294

| = T -19.0 6 j I -19.0 6 Tum

Head-Tail Sep. {ns)

3  330.0

41 218

| B = = JT =| l
Kick offset (turns) Synch. Period (turns) Q =] | 310 t rn

T . urns
Tune|0.7489 Energy |449.99 GeV FY

Graph Control:

Corrected Sum on 2D/3D — |

0 25
| B =] | S| =]
32 Display Offset (ns} 3D Display Time (ns) Da 149.000 -3.0678 dy 0.14705 149.412 —2.9208 pl_hphase | B Da 149.000 -0.3946 dy -0.0216 48.412 -0.4162 pl_chromv.
0

el st v Dataviewer
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ﬂ Measuring Q’ (Example 2:

Head - Tail Chromaticity Measurement Interface - 23-05-2000_121709_1000ms_36GeV-R-2.7.ht
File BSettings Drawing Options

Acquisition: VERTICAL I CERM/SL XDataviewer 6.4 ZOOMIM:Pick first point

Subview External Editor v LoadfSave

Acquisition Time 1000
Pr— Grid OFF Zeroline OFF OPONE Zoom In

Bunch Selector ] g Head Tail Data

B ()
Twrns

40
Make Acqg
Chromaticity = 1.7 (0.0622) Da 371.000_-0.995 dy 13.9946 “u 380.978 13.000 Da 14,0000 1.3342 dy 15.4647 Cu 14.0809 19.5189

Bunch adjust = J
Gains: > A
1.0

Trigger Position (%)
25
Head-Tail Analysis:
Signal Tail | S =
Head-Tail Sep. {ns)

470

Time {ns}

Acq. Window |
Humber of Turns [ ‘
AT

39 97
| | =] | B |
Kick 0ffset ftwrns) Synch. Period (turns)

Tune |0.5822 Energy |36.712 GeV

Graph Control:

Corrected Sum on 2D/3D — | - it i i
. p & | W
| L1 - e

3D Display Offset 3P pisplay Ti
isplay offse (m) isplay Tine (ns) Cu 347.000 —0.5658 i Da 9.00000 0.0000 dy -5.9906 19.06863 -5.9906

EErAGEEY
1011

g

Sep [23.065 us = 1 - " " . . .
il i 7 pataviever | IR

Ready
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Online measurement and feedback of Q & Q’

e The aim for the LHC:
— Permanent Q & Q’ measurements with hard constraints on:
e emittance preservation
e insensitivity to machine-parameter changes
(orbit, coupling...)

— Online feedback to power supplies of quadrupole and
sextupole magnets (bandwidth < 10 Hz)

 \What has been done so far:

— Early example from LEP — next slide
— System used at HERA until last days— following movie
— RHIC, Tevatron and LHC perspectives
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Early example from LEP

Fjtethock (e SRR

eueryy  sam Doy

S

gj

o L omhierer vaoe ]l

ZOOMBACK DATA:Pick graph/s
ST

FoiToR
SUBTTES
LOOPHISTORY

Fri Aug 3 19:13:29] 19390
Horizenial Raw Tune and Refersmnce Tune
]

time

|519.0

Cu 622. 331 0.33405 19:11:53.540
Da <494.000 0.26001 dy 0.07404

Vertical Raw Fume and Reference Tume
-25.8

Cu 334 594 0.17848 19:89: 14.540
Ja 335.000 ©0.19000 dy —-0.0115

Horizenta. Correction sent te Pewer Cenverter
-25.8 time

519.8

093 AQy + ©.32 A K., -’\

b 4 v

e AR U N

S aluralbiown
% -
Cu 622.331 29.79 19:11:53.540 AT =
Da 494.)00 —-100.08 dy 123.733 ,/”
Vertical ferrectiom seat te Pewer Converter

time 519.

A
. Damys
e

0.23 0 Qy + ©71F Aay (c:)“*zo
GeV |

"Cu 506.058 3.310 19:11:53.540
Da 494.300 -27.008 dy 30.3103
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o “Chirp” tune
measurements

p—y

N

]
I B

—_—
]
L]

Tmein wycle (msec)

e Online display

o QOperator “joystick”
feedback to
quadrupole and
sextupole power-
supplies
(BLL = brain
locked loop)




100007

0

Online Q-display at HERA-p with
“BLL” as control (brain locked loop)

Hera F Hamp gh green gv magenta

-

| The response depends on

Tl Tunes gh green, gw magenta

Excitation by 'Chirp' 10-20 kHz
[frene ™ 47,3 kHE)

htv coupling and chromaticities

25

027 028 03 034 0000 037

3969 GeV \Samprzn 17:24:00 2002

Courtesy
of Steve
Herb
(DESY)
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Femto-Second Synchronization EE,S\‘&.

[
HELMHOLTZ
GEMEINSCHAFT

The operation of ultra-violet and X-ray free electron lasers requires a
bunch arrival-time stability on the order of several tens of femto-
seconds between the X-ray pulses and laser pulses of external probe
lasers, to be able to take full advantage of the fs-short X-ray pulses in
pump-probe experiments.

— What is the currently achievable signal jitter for a reference signal?
— How do we measure it?

— How do we use it with beam?

Courtesy of K.Wittenburg
(DESY) and J.Byrd (LBNL)



%
DESY

All based on stable Synch. Signal oY

N

HE
GEMEINSCHAFT

2005 Nobel Prize in Physics awarded to John L. Hall and Theodor
W. Hansch "for their contributions to the development of laser-
based precision spectroscopy, including the optical frequency
comb technique”

This technology is nearly ready for applications in precision
synchronization in accelerators (J. Byrd, BIW2006)

"ay, St
12 e / a b/./l'z
“Uen eO“Mnk

2. [_FEL seed laser | m
Q
%

| LLRF and Diagnostic |
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LELoLE ACCU racy Of CIOCkS

barometr
temperature ¢
Huygens p

primary cesium clocks

firgt cesium clocks

quartz clocks

Shortt clock
Riefler clock

freg pendulu
IC compernsation

ompensation
endulum
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Figure 2: Expenmental setup for the fiberlink stabilization.



ff: Compare phase at the end of fiber with reference to establish stability. B‘%’(
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Digital and Analog Phase Detector Comparison
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Measure slow drift (<1 Hz) of fiber under laboratory
conditions

Compensation for several environmental effects results
in a linear drift of 0.13 fsec/hour and a residual
temperature drift of 1 fsec/deg C.

Environmental factors

e Temperature: 0.5-1 fsec/deg C

» Atmospheric pressure: none found

* Humidity: significant correlation

* Laser Wavelength Stabilizer: none
 Human activity: femtosecond noise in the data
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Figure 5: Out of loop dnft measurement of a 400 m long

fiberlink. Top: end of Lin mig change (blue). Over 12

hours the rms jitter -'ith a timing dnft of
25 t=s. The red line indicates changes with a ttme comns

of 100 5. The timing jitter faster than 100 a@

J. Byrd, Progress in femtosecond timing distribution and synchronization for
ultrafast light sources BIW06

First prototype of an optical cross-correlation based fiber-link
stabilization for the FLASH synchronization system; Florian Loehl,
Holger Schlarb (DESY, Hamburg), Jeff Chen, Franz Xaver Kaertner,
Jung-Won Kim (MIT, Cambridge, Massachusetts), DIPACO7
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reference
laser pulses

beam
pick-up

amplitude detection
of single laser pulses

electron bunch arrival time:
- early
- correct

voltage modulating
the laser pulse amplitude

beam pick-up signal

reference laser pulse

Principle of the arrival time detection. Reference
laser pulses traverse an electro-optical modulator which 1s
driven by the signal of a beam pick-up (top). Arrival time
changes of the electron beam cause different modulation
voltages at the laser pulse arrival time (bottom), leading to
laser amplitude changes that are detected by a photo detec-

tor. A Sub-50 Femtosecond bunch arrival time monitor system for
FLASH; F. Loehl, Kirsten E. Hacker, H. Schlarb (DESY,
Hamburg) DIPACO7

Measurement: Bunch arrival monitor (%)
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Outline for Today
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* Trying to make the machine work
(“the bad days”)
— The beam does not circulate!
— The beam gets lost, when changing the beta*
\ ’ ’ o

CAS 2007 Hermann Schmickler (CERN - AB)



@l LEP — No Circulating Beam
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Zoom on QL10




@] & 10 metres to the right ...

Unsociable sabotage: both bottles were empty!!



@ LEP Beams Lost During Beta Squeeze

From
LEP
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TUNEHISTORY (tune & curremt)12 44 14 03/05/00 12:45:25

horizontal tune versus time
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0281 _MIunci 02807
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vertical tune versus time
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CAS 2007 Hermann Schmickler (CERN - AB)
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Master-Slave Configuration for power converter; each
converter can deliver full current, slave only needed to
give double voltage for fast current changes.

Master converter

controls

Slave converter

U magnet = R* | magnet + L I
*d | magnet/dt

CAS 2007 Hermann Schmickler (CERN - AB)



In these two lectures we have seen how to
bulld and use beam Instrumentation to
run and optimize accelerators

Hopefully It has given you an insight into
the field of accelerator instrumentation

and the diverse nature of the

measurements and technologies involved

Slides available on the CAS website

CAS 2007 Hermann Schmickler (CERN - AB)
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