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- IPMs in GSI rings

- Application of GSI IPMs (who use them and what for exp.)
- Beam profiles

- Different IPM readouts / designs

- Current and future IPM developments at GSI for FAIR.
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Ringbeschleuniger
SIS18

SIS18 IPM:

- MCPs

- Wire array,

- MUX

- ADC

- VME - Crate

Fragment-
separator FRS

ESR IPM:

- MCPs

- Phosphor screen P47
- CCD camera readout
- PC
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X SIS18
S1S18 parameter:
S -circumference 216 m
-periodes 12
- -bending power 18 Tm
5 v -inject. energy 11.4 AMeV
e B -extr. en. (U78+) 1 AGeV
J v -extr. en. (p) 4.7 AGeV

Magnets 24 Dipoles, 1.8 Tesla
12 Triplettlenses
12 Sexiupolelenses

-lons per cycle 1.3x10'* (Ne, Ar)
-lons per cycle 1x1010  (U28+)
-lons per cycle 108 - 10%° typ.

Magnet Power Dipoles 3.6 kA at 12 kV
Field Ramp 10 T/s

RF Acceleration 2 Cavities at 16 kV

i e -frequ. / time 217 kHz /4.6 us @ in;.
% o0 300 C " : 1.2 MHz /0.8 ps @ 1GeV
Beam Diagnosis 12 Position Monitors \?, -vacuum 10-11 mbar

2 Phase Probes
1 DC Transformer
1 fast, 1 siow

-electron cooler
-multi turn injections
-slow / fast extraction

Pulse Transformer
1 Faraday Cup
Beam Scraper

qi8 A
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SIS18 Operation:

- different sorts of ions from different sources
alternately in the SIS18 accelerated

- different beam intensities

- different consumers / experimenters T o e [a o o | s Ta]a]w
- requests for intensity / focusing changes R
- short experiment durations / Ma experlments — 4510, Vous Au 45

Trautmann/Tolmil e) Alvarez, wie Y7, fl

48+114, X2 " deltaE /E kieln, X0 - /Trautmann , Au, 11.4, X0 DeltaE /E kieln, X0

SIS18 operation example:

Au 200 AMeV
5407, Salabura/Pletraszko, Traxler, Stroth,197Au, (PIG/MEVVA ab 26.4.),10e7 pro Splll HAD
Cr 1 AGeV
S417, 5424, Korten/Gerl,
Xe 500 AMEYV  [ses scromscnoz cr 1 cevn tes/ LY e R Seea T
Au 400-800 AMeV T

more during machine exp.
5-6 experiments parallel
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GSI IPMs Users

IPM Users:

Operators:

set up different ion sorts
check beam width by time
cooling optimization
Injection optimization

Machine Experimentators /
PhD Students:

accelerator physics
varying beam intensities
tune changes

resonance crossings
emittance exchanges
beam excitations
cooling effects

060310185507 (on BTPCS56.acc.gsi.de)’
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T e e Expected Functions:
- 5 o - wn n L]
o = e oo ]
e = R -switch on the IPM
.- - =1 = -push one button
o E. - - 2 B _Ele -adjust MCP \oltage
: e | oo =) -get beam profiles
-measure the full cycle
!JT;;IRGM_SISforGSIEeam Profile Measurement 211 —automatic data anaIySiS
oo e ook R . -correction
Parametar Control Plot MCP Amplification d
;caiiline 10 : GetDatn | futoGet Cf| Hor. + Vertical T T -and d|3p_|ay
- e -automatic data storage, network
van 41 - Dal Noka Corr MCP Intarval MEP Har. 100V
o -qmck view on the data
i @0 r;; aosave e ] 1| o 40 MCPVer. 100V T [ Cooing T
Chopper t
ange: AV |« B Intarval Fiy Tuna Cix
Rang 2nAN 1 HV E-F ul HV MCPs I .
Update Paramatar | Graphs 1 Teut
N | | [ o Meastre I
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Beam Profiles:
1 060315 204634 -hor & ver prof, dc, dipole, rf
-7.8x10° Arl8+ ions
TR — ey -350 AMeV
-1.7 s cycle
-beam pos changes at accel start
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[ 120330_171049 .

IPM Data of a full cycle
In one look

Beam Profiles:

Profiles Horizontal

Intensity

40
Beamwidth [ [mm]

Intensity

40
Beamwidth [ [mm]

1.5x10° U73+ ions

2 s cycle
300 AMeV
excitations for tune meas.
losses at accel start
500 _ ] \—V
o 1T
o 500

1000Q_|

|
1000
Timescale / [ms]

Profiles Integral red = hor.

Integral of Profiles

| |
500 1000
Timescale / [ms]

|
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Beamposition red = hor.

Beamwidth red = hor.
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IPM @ SI1S18 / Wire Array ‘

400 _|
350
300 _
250 _|
200 _|
150 _|
100 _|
50

Intensiny

16000,
14000
12000
10000
8000_|
6000_|
4000
2000

Integral of Profiles

Profiles Horizontal

o
(=] =]

g :
60 <40 -20 0O 20
Beamwidth { [mm]

Profiles Integral red = hor.

[ [
0 2000 4000

Timescale / [ms]

Intensiny

Beamposition / [mm]

3500
3000
2500
2000
1500 |
1000

500 _|

Profiles Ve

Beamwidth { [mm]

Beamposition red = hor.

|
2000
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Beam Profiles:
2 - 1.3x10%° Ni26+ ions
- 10 multi-turn injections
- electron cooling 29
X=0
- 550 AMeV Y=0
- 5.5scycle
- position & width changes during
cooling
2 500 _|
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SIS18 Section:

-each IPM in a vacuum tank of 1 m length
-wire array readout

-GSI amplifiers beside the IPMs

-each wire MUX to ADC

-1 ADC per prle / 100 Hz
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i annung

Flange COF 300 mm
- e-box opening 200 x 180 mm?
- E-field 60 (£5.4 kV) kKV/m
- cycle time 1-16 s (inject. —> extract.)
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SI1S18 IPM:

- Profile rate 100 Hz (100hor & 100ver)
- MCP active len 26 mm

- MCP pore size 12.5 Hm

- MCP resistance ~100  MOhms / per plate

- Wires/ IPM 64

- Wire pitch 2.1 mm

- Wire diameter 1.5 mm

- beam width 60—-1 mm withins

- poor spatial resolution
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Side electrodes

Side electrodes

Gaps between side electrodes, large and small.

Design image, insertion into vacuum tank,
optimized for large beam aperture. ==
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- Corrector electrodes to reduce the longitudinal
e-field components Ez.

- Due to vacuum conditions and bakeout each
HV electrode individual feedthrough
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» 2,1 mm

,%///// —~>J
rd N

Beamprofile

SIS18 IPM:
-wire array-64
-beam width: 60 —1 mm

Wire readout disadvantages:
-less spatial resolution

-1 dim. readout

-Channel calibration by hand

—
—
.

Beamproflle

PRI

mt

E IPM Types @ GSI \“ é ’ﬁi

PC
CCD Camera
PMT Array

Phosphor
Screen
+1000 Volt

MCP

-5000 Volt

E-B-Field

+5000 Volt

Optical readout by digital Camera

-Measure image 2 dim.
-Spatial resolution < 200 um
(dep. on MCP width to pixels)
-image corrections
-standard software tools
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IPM @ GSI / Camera Q‘}

2 ? f
Lo _?wh
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,” Central electronics k N ST
/" room .7 .
IPC \ ,7 Local electronics
=y -Linux |\ ,/ __room I
, ; -C++ | Data & 1| PXI System \
6420246 = Qt GUl I' Parameter ! - Win XP \‘
- IEEE1394 (Fire Wire)|
\ ’ viaAcc-Network ' |-FPGA ’
£ Y ) /! '\ |- Timing )
N s \ | (LabView) K

Optical readout by
digital Cameras

- ——
-
/— ~

,-~ Accelerator ",

IEEE1394

(FireWire)
- 2 digital cameras
- standard computer technology
- CCD cameras 200 frames / s N
- Integration time 1us -> s el
: : —— IS —
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MCP — PH — Assembly

- MCP — Ph shape ideal
rectangular,

- large width ~ 100 mm

- length 40 mm

- P47, 100ns decay time

- MCPs ~ 100 MOhms

UV light signal for MCP
calibration
Deuterium lamp, 115nm
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IPM with optical readout installed in
COSY@FZ Juelich
Protons
- Vacuum tank 0.6 m length
- Main flanges CF250
- Aperture 180 x 180 mm?

IS —
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Beam intensity [arbitrary units]

T T T T T T T T T
0 20 40 60 80 100
Honzonta coordinate [mm]

Evolution of the horizontal proton beam profile during
injection and acceleration to 1.343 GeV/c. About 3-10°
polarized protons reached flat top. Time span is 2 s.

2 : ‘ f
IPM @ COSY FZ-JueIicth‘j‘ﬁé’aﬂ
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Beam intensity [arbitrary units

(=1
|

T T T T T T T
0 20 40 60 80 100
Vertical coordinate [mm)

Evolution of the vertical proton beam profile during
injection and acceleration to 1.343 GeV/c. About 3-10°
polarized protons reached flat top. Time span is 2 s.

Data measured in 2009 in COSY@FZ-Juelich and presented at the DIPAC2009 by
V. Kamerdziehv, C. Bohme, J. Dietrich, P. Forck, T. Giacomini.
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IPM @ COSY EZ-Juelich: ﬁ gt

l..J EY

.

Beam intensity [arbitrary units]

Begin flat top
3537 =
—1114s
— 1672 s
2129 s
2786 s
GaussFit (begin flat top)
GaussFit (35.7s)
GaupssFit (111.42)
GaupssFit (167.22)
GanssFit (222 9=)
GavzzFit (278 .62)

20 40 60 80 100

Horizontal coordinate [mm]

Horizontal profiles of the polarized proton beam at
1.343 GeV/c. The profile measurement started once the
flat top was reached.

35

30

Beam intensity [ arbitrary units]

Begin flat top
337 s

—1114s
— 1672 =
—2219=

2786 s

40 60 80 100

Vertical coordinate [mm]

Vertical proton (polarized) beam profiles at 1.343 GeV/c

flat top.

Data measured in 2009 in COSY@FZ-Juelich and presented at the DIPAC2009 by
V. Kamerdziehv, C. Bohme, J. Dietrich, P. Forck, T. Giacomini.
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Ringbeschleuniger
\‘:;/ # 81518

Ly

lonenquellen
v
' F.

Linearbeschleuniger
UNILAC

Fragment
separator FRS

Experimentier

Hauptkontroliraum

Experimentierhalle |

ESR parameter:

- circumference 108 m

- bending power 10 Tm

- ions per cycle 108 typ.
- vacuum 10-1 mbar
- electron & stochastic cooling

ESR IPM - Optical ReadOL\F E

EN
Y

l1'4

ESR IPM:
Chevron MCP, Phosphorscreen P47, CCD

- beam width
- beam time
- beam profiles

50—-1 mm

s — hours (inject. —> extract.)
(200 hor & 200 ver)

200/s

speicherring ESR

el
=
3
Py
s

Gircumference 108 m
Maximum Bending Power 10 T+ m

Magnets

Magnet Power

RF Acceleration

Vacuum

Beam Diagnosis

Dipoles, 1.6 Tesla
Triplettienses
Duplettlenses
Sextupolelenses

8
4
4
8

Dipoles 3.7 kA at 1.6 kV
Field Ramp max. 1 T/s

2 Cavities at 5 kV

Frequency Span 0.8 - 5 MHz

operational 107" Torr
bakable to 300 °C

12 Position Monitors
1 DC Transformer
1 fast Transformer
1 Profile Harp
1 Faraday Cup
1 Beam Scraper
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Electron
cooler

= Elzlz:—



FAIR
- IPM @ GSI / ESR

‘ ASSOCIATION

IPM with optical readout installed in
ESR@GSI

- Vacuum tank 0.6 m length
- Main flanges CF250
- Aperture 180 x 180 mm?

ESR IPM installed with
-heat jacket

-UV lamp

-CCD cameras

-HV

= E]ZE—
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-
") 1PM_Profile 2013.03

Beam Profiles:

L1600

1000
8.00
6.00

] o g Horizantal Profiks - b 5 ¥ - 14X109 C3+ IOﬂS
i - 120 AMeV
i - 5 min cycle

D_H Num_Prof_Hor FrameRateHor
D_V Mum_Prof_Ver FrameRatsVer

Setup Measure

Init Measure

Start Measure

4.00
2.00

0

Frofile Intsgral

I

™ Auto Run Stop Measure |
V' Auto Download Downkad Data |
¥ Auto Fiot

¥ Auto Save Save Data |
¥ Del Prof Noiss Cpen Data Fike |

e

.00
207 | 253 7

Il 1
16 2623 32 G6L

Analysz Data ...
Finished.
Analyss Data ...
Finished.

sTARTED

Beam profiles measured with optical IPM in ESR@GSI.
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_
=

[ 100 = =
[ 1000 s =l

Test

Show Hide Log View
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phase space
Fast beam changes: y o
-injection mismatches & %Qt tura
-emittance exchanges due to coupling of tune 1 e
e synch. acceptance
resonances between hor & ver phase space ~ 7 ?
profile
Ambition: B orin fam
Bunch by bunch readout. = st taen
Profile rates of about 5 — 10 MHz 2 / \
-camera ~ 1000 profiles /' s poerdinate
-via PMT-array or SiPM, prototype avail, not tested yet ~Rettzofitak— | =hprizo
-detection of ionized residual gas electrons / not ions NREEE RN =
-additional magnetic field in parallel to electric field s | g
30 T I T horizontal axis [mm] _U -
| ) 30 0.95 1,90 1.95
Em L l’ BLo.1T g 20 > -
E é 10 } &
& £ =l i
%10 - s or <> 1 1000 __| :
8 e, B=0.1 T z i|l=
k%) =10 L g : 5
-% . I I I I I I I I I I I I
g.]o Ibeam I(radluls r:EA? rnm)I -20 B-elgrrm"ordthl? lmzrgl 30 -20 B-Elgm._omhl? [mer] 30
32 Ch PMT array ’ ¢ horizorlltal axis(zdetectiorg) [mm] ¢
: : —— I=S=1I
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whole magnetic channel .
| | Magnet design
- window frame
[B = lB ‘B - one diagnostic magnet active at time
ki Var - length 2.5 m, width 1.6 m
Cor Dipoje Dipole2 Cor - vacuum parts similar to ESR type
- IPMs are inserted into vacuum tank in beam
|| direction

| | | | Cor2 28
horizontal IPM  vertical IPM Hor IPM _

Ver IPM

f
o =——=—1 |
\
o./ - ]
Side | VtP B
view

_ o
Top teop

view
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L

Digital mock up of the final

design.

Prototype for FAIR SI1S100.
Slits in the yokes for CCD.

9th Ditanet Workshop — 15-18 April 2013 — CERN — T.Giacomini — IPM — Measurements at GSI



FAIR TRE N
ﬁHELMHOLTZ I PMS @ FAI R ‘Q-;‘E é?.

‘ ASSOCIATION

Layout FAIR site

SI1S100 IPM:
Sy SIS 18 g;g ‘338 - 50 mm beamwidth
P GSI e - Fast readout
o2 Vg - Magnet
=SS ’A““T. A/
W’j 7

CR IPM (Collector Ring):
-400 mm Beamwidth
-CCD camera readout
-no Magnet

= Elzlé—

9th Ditanet Workshop — 15-18 April 2013 — CERN — T.Giacomini — IPM — Measurements at GSI



FAIR
ﬁHELMHOLTZ Summary

| ASSOCIATION

cE5EEEEEE
i-
iy g
&7 i
i
°E58855355
. .
i = H

rofi
i
sosition { fmm]
£ I e
77 mf e i 3
¢} 20 20
I 87 =
aasmcn [ —
PR R - -
Ll [l
g H
o = | . u
EE g
. =117 g
2 LA-E] H
3 =4 3 [
T e s e 2
L FF i F
-

- IPM wire array readout
- Data presentation

- IPM optical readout

- Prototypes for FAIR

Beam

direction
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