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\ Contents of lecture 2
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Scintillating screens

In/Out mechanisms
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Wire Scanners

Position measurements

Position sensitive wall current monitor

A few words on Schottky pick-ups
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M Interaction of particles with matter

S

@ Coulomb interaction

@ Average force in s-direction=0 Beam particle
. > >
@ Average force in transverse S
direction <> 0 b

@ Mostly large impact parameter
=> |ow energy of ejected
electron v

@ Electron mostly ejected
transversely to the particle
motion

F

Atomic shell electron
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@ Bethe Bloch formula

S

7 7?2 7 2,2 n2
_d_E:47zNArezmec2 ~p—=[In mey P
dx A, p I/

p]

« with the following constants:
N,: Avogadro’s number
m, and r,: electron rest mass and classical electron radius
c: speed of light
» the following target material properties:
p: material density
A and Z;: the atomic mass and nuclear charge
* and the particle properties:
Z,: particle charge 1
B: the particles velocity and y = 1—,6’2

Dependance on 7
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@)1 High energy loss alow energies

S

50 T dE = MeV

dx [ g/cm’ ]
20 7
10
s L gas
, L _— solid
i ; ; ; _ Biin| GeV]

0.01 0.1 1 10 100 1000

Heavy ions at low energy are stopped within a few micro-meters
All energy is deposited in a very small volume
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Scintillating Screens

Method already applied in cosmic ray

experiments
* Very simple
* Very convincing
Needed: Y I—
« Scintillating Material A
. TV camera Vacwum vatve
* In/out mechanism
Problems:
« Radiation resistance £CD camera

ITFE lme

Tamparaiurs proos

Wasuum valve

Wasuurm Tank

» Heating of screen (absorption of
beam energy)

« Evacuation of electric charges
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Frame grabber

35000
30000 ;
25000
20000 ;

15000 |-

Intensity (u.a.)

10000 |-

5000 -

20000

15000 -

* For further evaluation
the video signal is
digitized, read-out and
treated by program L
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@ Test for resistance against heat-shock

P c,ar20°C | kat 100°C Tonax R at 400
Material J/gK W/mK C
glem’ o Q.cm
AlLO, 3.9 0.9 30 1600 o2 >
Zro, 6 0.4 2 1200 10—  Better for electrical conductivity (>400°C)
BN 2 1.6 2400 T — Better for thermal properties
(higher conductivity, higher heat capacity)
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Degradation of screen

Degradation clearly visible
However sensitivity stays essentially
the same
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Screen mechanism

U. Raich CERN Accelerator School
Zakopane 2006

THE CERN ACCELERATOR SCHOOL



1954-2004

In/out mechanisms

Rotary mechanism driven by

electric motor Mechanism driven pneumatically

U. Raich CERN Accelerator School 11

Zakopane 2006
THE CERN ACCELERATOR SCHOOL



When the beam passes
secondary electrons are
ejected from the ribbons

The current flowing back
onto the ribbons is
Measured

Electrons are taken away
by polarisation voltage

One amplifier/ADC chain
channel per ribbon

U. Raich CERN Accelerator School 12
Zakopane 2006

THE CERN ACCELERATOR SCHOOL



1954-2004

" 10CM
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File Controls Options Wigw

Pls: MESPS BT.(QNO40DMP-IS0 206.8 Awmp.BTMI.AMSG 20200 - Jul 9 20:07:10 2003
BT.(QNOSODMP-IS0 115.4 fAwp.

i it 65 Projection of charge density
A T S TR projected to x or y axis is

Measured

BTHM.MSFO1

A 10.
Bain 12
= _ One amplifier/ADC per wire
o e P B W B IS OB I Large dynamic range

BTH.MSFO2

Resolution is given by wire
distance

No¥ paseLine Vire Nbs Step: 0.500 rm  14.6% ADG Range

BTM.MSF03 Spline fit

w028 2e6nm | (Jged only in transfer lines

L D.12mm

1° j0.0 o

Plane R 5.0 I

JORa g : S

Erlbli i 15 10 05 20 B
No 9 gaseline Wire Mbs Step: 1.000 wm  11.4% ADC Range

Simgle Shob HFame Fabl

hrlaitinq for new measurement timing !!!
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Q) Wire Scanners

7

A thin wire is quickly moved across the beam

Secondary particle shower is detected outside the vacuum chamber
on a scintillator/photo-multiplier assembly

Position and photo-multiplier signal are recorded simultaneously
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File Plot Views Option

Wire scanner profile

Help

Oct 6 13:54:36 2003

Measurement modei; Photomultiplier Plot.

Prepare Heas. Paraneters

start Measuremeni

Requested Parameters

Device H6d

Occurrence - Any

e {2z} (mm.mrad)

Wire Hed ( Mon Oct & 13:54:30 2003% » MD3

Results for Hed
At C Pulse : 710

1.41

Expected Ip - lel3

e (2s)(normalised) 21.11

ds measured (mm) 11.23

Velocity - 20 mfs

Centre of Mass jmm) -4.09

Single Sweep

Measurement Parameters
At C Pulse : 710

C Timing - 710

B Pulse (1G Train) 6668

P (GeVie) 13,99
dp/p for C710 - 1.61 Ip (E10) 750,00
PM Voltage H64 - 580 _
Device @ Hod
Scint. Trans. Hé4 - 100% PM Voltage (V) 579
b m) 12.6
Dispersion (m.) 2.30

-20 -¥0 4]
He4 Position (mm)

Scint. Transmission 100%

WARMING The graphs displayed may not correspond to the reguested settings,

U. Raich CERN Accelerator School
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because of heating.

Adiabatic damping

Current increase due to
Speed increase

Speeds of up to 20m/s
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Problems at low energy

« Secondary particle shower intensity in dependence of primary

800

700 | SEM mode Pion threshold

/
600 +
500

]

5400 +
300 +

200 +

L

100 +

0

-40 -30 -20 -10 0 10 20 30
Position (mm)

200 400 600 800
Kinetic energy (MeV)
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@ Wire scanners and partially stripped ions

S

Partially stripped ions loose electrons

when interacting with the wire g
:E, Beam centered
_e' reached at to

H ©

The beam is lost = | Beam edge
% reached

Can measure amplitude distribution c

however o

i
N
o
N
N

time [ms]
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Position measurements

A
v

If the beam is much smaller than w, all field lines are captured and
U is a linear function with replacement
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Shoebox pick-up

//ﬁ R

Linear cut through a shoebox
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\ Doubly cut shoebox

S

« Can measure horizontal and vertical position at once
* Has 4 electrodes

V&
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7 Simulatenous horizontal and vertical
/) measurement

horizontal ﬂ vertical

a

) &

U, +u)-U,+U0,)
U >U

(U, +U) - (U, +U,)

X
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The cuts can be made by photo
chemical means of mechanically

Here done with a sand-blasting
device

A cylindrical pick-up with its connections
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Building a cylindrical paper pick-up

* Alinear cut in a cylinder:
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Unfolding the cylinder

« When unfolded the cut becomes a sine curve
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Flipping the sine curve

What happens if we flip use abs (sin(x)) instead?
Mirror the negative sine part?
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The cylinder Is cut twice!

 Horizontal
and
vertical cut
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@ Flipping half the sin curve upside down
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Cut In the same direction
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@ Using all the electrode surface

S
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Pick-up Calibration

GPIB

Laptop

R5232

e -
Yol can now place your Pick-Up in its measuring place and connect wires, BUT
wolr systern right not work because of communication problems.

Press Exit to quit the Connection Manager!

Enijory!

Connection Wizard|

U. Raich CERN Accelerator School
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Calibration of the pick-up

PICK-UP SEMI AUTOMATED CALIBRATION BENCH -- GRAPHS RESULTS|

Author's name Pick-Up name Front end name Comments
| EFE | Buffer hybrid
Date Pick-Up number Pick-Up diameter {mm}) Front end number
26 09 2003 z 5 45 1

1.00 = 1.0000 by
0.80- 0.8000-
0.60- 0.6000—

: /’/e :
0.40- 0.,4000 -

: /!’ - \
0.20° L 0.2000- \

0.0000 - P

Delta / Sigma
=
=

]
/

0.20- /“ £ -0.2000-
2 \

Error = Encoder position - Encoder position calculated

-0.40- / -0.4000-
-0.60- < -0.6000-
-0.80- -0.8000-
1005 b vna ] et eee s el s st saluay B B e R R i R e B
-23.0-200 150 -100 5.0 0.0 5.0 .0 150 200 230 -23.0-20.0 -150 -10.0 50 0.0 5.0 0.0 150 2000230

GENERAL GRAPH Encoder position (mm) B am| ERROR GRAPH Encoder position (mm) )

Genetral Curve fitting
Palynomial Coefficients
Mumber Max Efrar DS b 1.027E-1 Equation of fitted curve Delta [ Sigma
D of points  Offset (mm) Polynomial order | 0.5289 bl:  2.970E41 Delta | Sigma = +102.661E-3 + 29.200E+0 Pos
z 17 0.00 1 Ma Error 5 (W)
0.0003
Mechanical zero (mm) Scanned
0.00 FE installed ? (coef.)  Impedance (Ohms)
@ 0 0.000E+0
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Wall Current Monitor (WCM)
principle

« The BEAM current is accompanied by its

* A voltage proportional to the beam current develops on the RESISTORS in the beam pipe gap

« The gap must be closed by a box to avoid floating sections of the beam pipe

* The box is filled with the FERRITE to force the image current to go over the resistors

«  The ferrite works up to a given frequency and lower frequency components flow over the box wall
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WCM as a Beam Position Monitor

1 R
IA —
2n L,
. For a centered BEAM the current IS € circumference

» The image current distribution on the circumference changes with the beam position

» Intensity signal () = resistor voltages summed

» Position dependent signal (A) = voltages from opposite resistors subtracted

= The A signal is also proportional to the intensity, so the position is calculated according to A/X
= Low cut-offs depend on the gap resistance and box wall (for X) and the pipe wall (for A) ingsag
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Measuring Beam Parameters on
unbunched Beams

« LEIR used forion
accumulation

* Multiturn injection of
unbunched beams

* Electron cooling
 Bunching and acceleration
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@ Principle of travelling wave stripline

S

« Travelling-Wave Striplines for low energy particles

delay delay D
W

Beam

Superposition of currents
Good S/N ratio

Total power ~ (N.pio)?
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The noise generated by
single particles is
collected

From statistical properties
the Ap/p can be extracted
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