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lonization Profile Monitors at GSI
Darmstadt, 22" of November 2018
Peter Forck
Gesellschaft fur Schwerionenforschnung (GSlI)

IPM development, realization, DAQ, simulation, analysis by:
Tino Giacomini: Complete technical realization

Mariusz Sapinski: Supervising code Virtual-IPM, experiences from CERN _
machine

Rahul Singh: Experimental data analysis :
learning

Dominik Vilsmeier: Complete work on Virtual-IPM

Andreas Reiter, Timo Milosic & Thomas Sieber: CRYRING IPM
BID-Group: Technical realization, DAQ

Users & operators: Proposal for improvements
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Wish list for Profile Measurements 41
B\ " 4 .S T W 7 'S0 T
Ideal profile measurements at a synchrotron should fulfill: Example: Accel. at SIS18 for C&*
> Completely non-destructive for the beam from 6.7— 600 MeV/u
> Direct measurement to ensure reliability T
12 | — at injection ,
» High spatial resolution e.g. = 6.,y /5 ——1t=0.14 s
> Emittance evaluation via peqm = /€' B R R R I |
> High time resolution e.g. down to one turn of ~ 1 pis Zoa ot extmcti",_f;’: AN ]
> Reliable data reduction to display relevant information g 0.8 .
» Online data presentation without time delay E o4
» Easy-to-use GUI for operation z 0
» Available from accelerator commissioning to regular operation _ _
Y 0 20 o 20 a0
Outline of the talk: coordinate |mm]|
» Principle of lonization Profile Monitors IPM
» Technical realization at ESR, SIS18 and for FAIR
» Some basic & advanced measurements
» Requirements for magnetic field, realization at SIS18 and for SIS100
» Simulations for disturbing effects
» IPM at CRYRING and BIF at UNILAC
» Conclusion

Peter Forck, GSI, Nov. 22", 2018 2 IPMs at GSI



lonization Profile Monitor: Principle s

Idea: lonization of residual gas Corrector 1 MCP,- Phosphor

& spatial resolved detection Top

Detection scheme:

»Secondary e” or ions accelerated by E-field
electrodes & side strips E~ 50... 300 kV/m

— ‘Am-detection scheme’ for as ions or electrons

» Single particle detection

Typical vacuum pressure:

Transfer line: p =107 mbar
B\ lonization

— — 9 ~m-3 /
= BT Pl T = 3107 cm Bottom 7 — | products
Synchrotron: p =107 mbar +5KV Relevant
5 Am-3 Corrector2 | |lon beam ionization area
& Pgas = 3-10°Cm

“Typical’ beam density at SIS18:
1010 jons, de-bunched, oz, =3 mm = p,... = 1.3 106 cm3 (equivalent KV-distribution)

- GBS
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Expected Signal Strength for IPM and BIF-Monitor @
Physics: __Energy loss in 10" mbar N, by SRIM
- . . E T T T T o T
Energy_ loss of lons In gas dE/o_Ix > lUOj LINAC ‘
= Profile determination from residual gas =1L —> §
> lonization: = tlonsource < synchrotron_ 3
in average roughly ~ 100 eV/ionization 'g 10° E
210°
o
2
EIU =
lonization probability proportional to %lof’ . 1 S
dE/dx by Bethe-Bloch formula: 10" 10 10 10 10" 10

B ion energy [MeV/u]

2 72 ]
— = —const In| const- 22 — B°
WITHX

Target electron densny ) -

Proportional to vacuum pressure
— Adaptation of signal strength

o 1/E,;, (for E,;,> 1GeV nearly constant)

| 4P | |
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Expected Signal Strength for IPM and BIF-Monitor g
Physics: Energy Ioss |n 10 mbar N2 by SRIM

Energy loss of ions in gas dE/dx
—> Profile determination from residual gas
> lonization:

In average roughly ~ 100 eV/ionization

stopping power dE/dx [eV/m]

S

lonization probability proportional to

O N S T
E/dx by Bethe-Bloch formula: o= 10 10 10 10010
dE/dx by Bethe-Bloch formu B ion energy [MeV/u]

2 72 ]
— == =const In| const- 22 — B°
B WITHX

Target electron densit B
J y: o 1/E,;, (for E,;,> 1GeV nearly constant)
Proportional to vacuum pressure

— Adaptation of signal strength
Strong dependence on projectile charge for 1ons Z 2

Modification proton <> ions: Z,(Ey;). Charge equnlbrlum is assumed for dE/dx
- -IEEESN
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lonization Profile Monitor: Principle

i

BN . B .o\
Advantage: ‘4n-detection scheme’ for ionization products

Detection scheme: reR—— MCP - Phosphor

»Secondary e” or ions accelerated by E-field
electrodes & side strips E~ 50... 300 kV/m
» MCP (Micro Channel Plate)
electron converter & 108-fold amplifier
> either Phosphor screen & CCD
— high spatial resolution of 100 um
» or wire array down to 250 um pitch
— high time resolution

CCD
/N X lonization
Bottom \ 0‘5\ pro dUCtS
- ’—“"‘,.'_,,' "-._\\u. +5kV Re|evan t
Light Corrector 20N beam ionization area

akv : — — Phosphor

ns \&
1KV ":’I i

MCP 2 |PMs are installed in nearly all synchrotrons
1KV T Ll W JMcP 1

Channels &10 um  Residual gas ion

Peter Forck, GSI, Nov. 22nd 2018

However, no ‘standard’ realization exists!

SN
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Outline of the Talk ‘ “ﬁ

Outline of the talk:

Principle of lonization Profile Monitors

Technical realization at ESR, SIS18 and for FAIR
Some basic & advanced measurements

Requirements for magnetic field, realization at SI1S18
Simulations for disturbing effects

IPM at CRYRING and BIF at UNILAC

Conclusion

vV V.V V VYV V V
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lonization Profile Monitor Realization at ESR “
BN O .M T . mow -—

The detector hardware at ESR;: Realization at ESR:

IPM support
& UV lamp

Horizontal IPM:

E-field box

Electrodes

E-field separation disks
View port @150 mm

Box mounted on CF250
Readout by camera through CF100 viewport

MCP size : 100 x 48 mm? Care: For low energies, significant kick to the beam
E-field 0.65 kV/cm (6 kV at both sides)

YV VYV

— GSN
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lonization Profile Monitor Realization at ESR 4

The detector hardware at ESR;

IPM support
& UV lamp

Horizontal IPM:

E-field box

Electrodes

e-cooler
x-fay detector ay detec

E-field separation disks
View port @150 mm

» Box mounted on CF250 _ e pcatn
> Readout by camera through CF100 viewport i A, g
» MCP size : 100 x 48 mm? N, gos et
ﬁ_ G |O5er
» E-field 0.65 kV/cm (6 kV at both sides) » Sesy | /i\\"\

x-fay detectors

GSX
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BN\

The DAQ realization at ESR at GSI:
» Camera with GIigE IDS pEye (CMOS)

typical readout rate 5 frames/s for online observation
» Digitalization in PC
> High voltage supplier [
» Control of voltages, UV lamp

Front-end slow control
& UV-lamp

PC with GigE card

HV power supplier ‘ ‘

GSN
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Ionlzatlon Profile Monitor Realization at ESR: Result

A\ . T . W S

Q
“y

PRSI T

Camera readout, actual max. 8 frames/s, usage with typically 1 frame/s for cooling observation

horizontal image

IPM-ESR-02 v.2016.05.02 (auf sdapc002) 5 frames per Second

Start Meas f\opMas I_Au\nSave Config. I FrameRate |5.00 Expos. Time [99.00 ms
:IIIIIIIIIlIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e LT LT LT TRES

®
=] Gain [100% =] ¥ Analog GainBoost |~ DetPix [~ ComMCP [~ Ex.Tig | EnaAol Quit [

vertical image

.. horizontal

.. profile I

y-Axis

- \
" k ) wa’” I -

lllllllllllllll

0
0 67 135 202 269 337 404 472 539 6}36 674 741 808 876 943 1011 10
in: 0 Max: § Xis

1145

vertical
profile

0 67 135 202 269 337 404 472 539 606 674 741 808 876 943 1011 1078 1145
4 x-Axis

Status: » Hardware completely installed and tested

» FESA DAQ started, but not GUI

» Can be used for profile observation (slow readout) with Qt-based software

Peter Forck, GSI, Nov. 22nd 2018

Courtesy T. Giacomini (GSI)

Beam:
U@ 300 MeV/u

SN
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lonization Profile Monitor at SIS18 “
BN\ Nl ;
The realization at SIS18,‘old IPM’ at S09: amm
Electric field: 0.68 kV/cm (6 kV both sides) . . J
MCP size: 100 x 48 mm?
Wire array: & 0.6 mm wires, 2.1 mm pitch
Electronic readout: I/U converters for each wire pea™

- ————
_‘-—‘% \.\\

MCP: 2
100 x 48 mm? t-

‘'new IPM’ in S03

63 wires, -
2.1mm spac

%

‘old IPM" in S09

HV feedthru

experiments

- SN
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lonization Profile Monitor at S1S18 9
BN O

The realization at SIS18 ‘old IPM” in S09: 2mm
Electric field: 0.68 kV/cm (6 kV both sides) —— .
MCP size: 100 x 48 mm?

Wire array: & 0.6 mm wires, 2.1 mm pitch
Electronic readout: I/U converters for each wire pea™

g [175mm
3

MCP: 2
100 x 48 mm?2 t

63 wires, | p"*-‘;
2.1mm spacifig- S

'8
t3 '4

HV feedthru

— GSN
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lonization Profile Monitor at S1S18: DAQ 41
BN S T . W PRSI ™
The realization at SIS18 ‘old IPM’ in S09: A CEAN
Electric field: 0.68 kV/cm (6 kV both sides) : 1 4i's w4
MCP size: 100 x 48 mm? . :
Wire array: ¢ 0.6 mm wires, 2.1 mm pitch — \\\ 08! ;,_‘-__!.:‘(:f{“l: r
Electronic readout: 1/U converters for each wire installed ~15 years ago 1 e o
Digitalization: VME ADC by (outdated) MBS # 1,2 AR 7
Readout performance: 100 profiles/s | [fr———
= stable operation with reasonable time resolution ) o

— but limited spatial resolution Control of front-end I/U fhA; /

-ADC i ]
- Triggermodul Lmux PC / 1

-E7 /Rio e P i/l -
- Scaler R, -.i-,'.;- Al : ' \\
- Steuergerat — \ -

VME with ADC

me
=

ﬁ-.v
: gli

~ o]
‘An.,a!@ .............. [,
Elektrcml-: —
L N HV power supplier
: =
SIS

T. Giacomini et al., DIPAC 2011
GSN
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lonization Profile at SI818 Control

BN\

The realization at SIS18 “old IPM’ in S09: .
Electric field: 0.68 kV/cm (6 kV both sides)

]
] | 5000 < 200 < 300 3 300 2 ‘4 J 4978 o 14 3 | weonte =
: . 2 4 8otV n 5000 |3 |200 300 300 4 lassz 314
MCP Slze. 100 X 48 mm ] MCP Hor Back O 1790 < 200 <] |00 <| |200 = |4 « 1252 J, 63 &l E
Wire array: & 0.6 mm wires, 2.1 mm pitch * [wowes | 0 Qe oo Sl Gfw @k [H[wo 5w g (e
. . 7 WGP Hor Fro 0 o0 220 o [0 S [a Hmz B2 2] [[ueoae |
Electronic readout: 1/U converters for each wire v [ ] D o S fw S Hh B w3 [oww
- - . - 1B CR Hor [m] 3600 2 200 = |00 = 200 = = legq JI 12 2| | uroate
Digitalization: VME ADC by (outdated) MBS oo | T = e O I = 75 =7 b
Readout performance: 100 profiles/s eers | [ | [t |
!& RGM_SIS for GSI Bearn Profile Measurement 211 EI@
File Settings Tools Help
—Parametar — Control —Plot —MCP Amplification —Beam Parametar
Accal, - ;
Ma‘;iina 0 GetData | [\uoGet [I Hor. + Vartical v S i oorameter | Vale
lan v
Evant 41 ] Dal Noisa I Corr MGPI Intarval v MCP Hor. 100V ; Currant
. Enargy
Tima () &ms
Slia: @ 05ms miswean o m | | mcPver. 100V + || coolng
h Chopper t
Tune Qy
Updata Parametar [ | Graphs 1 o | Taxt
I [ 0% Weasure I

Peter Forck, GSI, Nov. 22nd 2018
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lonization Profile at SIS18: Data Presentation

C N s s . A . —

The GUI for SIS18 “old IPM: Status: > Operational since many years

Example for: > 7.8 -10° Ar=* ions > Presently some network problems for MBS

» 11.4 — 350 MeV/u
> 1.7 s cvcle = Can be used by operators

=1

Frofiles Horizontal Profiles Vertical Scaler Data (Current, HF, Mag)

| dc- transforn

£ £
] [ ]
[ [ [
o o
=t =t
= . =

=3
(=]
(=

a =]
(%
I
(=]
(=

Current HF Magnet

]
[=]
[=]

dipole

[ [ [ [ T 1 1 [ [ ' I [ I [ [
20 B0 60 <40 20 O 20 40 B0 5 750 Loo0 1250 1500

Bearnwidth ¢ [mm)] pOS |t| on [m m] Beanwidth ¢ [mm)] pOS |t| 0 Timescale § [ms] t| me [m S]
Frefiles Integral  red = hor, Brariposition red = hor. Bearmwidth  red = hor.

ix=0 W
i

El
E}

—
o

—
rJ
(=]
|O
[va)

Integral of Profiles
Beamposition / [mm]
Bearnwidth / [mrm]

L=

n
I
(=]
(=

| I | | I | | | I | |
500 1000 1500 LS00 1000 1500 5 750 Looo L1250 1500

Timescala / [ms] tlme [m Timescale / [ms] tlme [m: Timescale / [ms] t|me [mS]

Peter Forck, GSI, Nov. 2219, 2018 Courtesy T. Giacomini (GSI) IPMs at GS




lonization Profile Monitor Realization at SIS18 ‘new IPM’

BN\ S T . maw S

The realization at SIS18 ‘new IPM’: et

Electric field: 0.88 kV/cm (8 kV each side)

MCP size: 100 x 48 mm?

Phosphor: P47, ¢ ~ 100 ns decay time, blue emission

Digitalization: GigE camera AVT Mako G030

Interface to FESA

Readout performance: up to 300 profiles/s

€

— GSN
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Ionlzatlon Profile Monitor Rea

lization at SIS18: DAQ q

A\ LS TN . s g O PRRRSSE T

The realization at SIS18 ‘new IPM’:
Electric field: 0.88 kV/cm (8 kV each side)
MCP size: 100 x 48 mm?

Phosphor: P47, ¢ ~ 100 ns decay time, blue emi.
Digitalization: GigE camera AVT Mako G030
Interface to FESA

Readout performance: up to 300 profiles/s

= high spatial resolution of 0.2 mm

12 & 24 V power

Front-end slow control &
& UV-lamp |

HV connection and
switch ion to e~ detection |

e | s e | (e LA NESRELSCCOND o e e o

IIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0% IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII oo

horizontal image vertical image

HV power supplier

PC with GigE card §

EEp EER]
A ot

. horizontal - vert.
.| profile J .. profile ]|

| _{—

Status:
» Hardware installed, but some problems
> 1stversion of FESA DAQ produced, but no GUI

Beam: 238U73*at 300 MeV/u

Peter Forck, GSI, Nov. 22nd 2018

» Awaiting installation of magnets
» Serves as prototype for SIS100

GSN
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Multi Channel Plate MCP
g _

AMCP is:
» 1 mm glass plate with 10 um holes
» thin Cr-Ni layer on surface

h;n:;' -

L3

> voltage ~1 kV/plate across

P

T

X

S

X

— e~ amplification of ~ 102 per plate.

3T
=

Y

— resolution = 0.1 mm (2 MCPs)

Anode technologies:

» S1S18: Grid 2.1 mm spacing
— fast electronics readout possible

» ESR & SI1S18: phosphor screen + CCD
— high resolution, but slow timing
— fast readout by photo-multipliers

» CRYRING: single particle detection
— for low beam current.

Peter Forck, GSI, Nov. 22nd 2018

s e AL

Ax

) o gl

W TS - mow
MCP are particle detectors with secondary electron multiplication

-

a

CHANNEL
(g12m)

0.48mm

.-..1.--"[

=T
R =]
. ,‘I"‘.l}_"‘

3

]

Gamy
-k

g S,
.._?-a‘[_

INPUT

&=
CHANNEL WALL

i

ELECTRON.... ¢

S
o

N \@

INPUT SIDE
ELECTRODE

U (about 1 kV) ‘

negativ I ‘ positiv

19

Electron microscope image:

_OuUTPUT
/" ELECTRODE

=< QUTPUT
ELECTRONS

GBS
IPMs at GSI



mnAN 7 WEA T
MCP Module with Phosphor screen:
» Two MCPs 100 x 48 mm?
= single particle detection
» P47, ~ 100 ns decay time
= turn-by-turn observation possible
» CMOS camera with GIgE interface
» Future extension:
fast readout with photo-detectors
Photomultiplier or solid state SIPMT

GSN
Peter Forck, GSI, Nov. 227, 2018 Courtesy T. Giacomini (GSI) IPMs at GSI



MCP Inhomogeneity & Aging

BN\ A~ -
» MCP efficiency:
Inhomogeneity typically £20 %
» ‘MCP aging’:

Destruction of coating at MCP exit
by electron bombardment
— exchange when reaching 30 %

relative efficiency

Cure — calibration:
Check of inhomogeneity by UV-lamp:

» Hamamatsu L2D2 lamp,
wavelength down to A = 115 nm

» Mounted outside of vacuum

» Regular calibration

= Efficiency correction via software

rel. |rradiance [%0]

Peter Forck, GSI, Nov. 22nd 2018

4B
BRI = oo N
1.6 |
fresh MCPs
maﬁer exchange | —e—20070208 1
1.2 /| —m—20070213_H
R M \—-—-zmauzzz_:—:
20080818_H
08 - 20100813_H
0.4
M’{K’/
80 :
7 & |70mm
Q O
40 | .
I +
0. - . ‘__\
100 140 180 220  40(
wavelength A [nm] .
GSNH

21
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Outline of the Talk | ' %

Outline of the talk:

Principle of lonization Profile Monitors

Technical realization at ESR, SIS18 and for FAIR
Some basic & advanced measurements
Requirements for magnetic field, realization at SI1S18
Simulations for disturbing effects

IPM at CRYRING and BIF at UNILAC

Conclusion

YV V.V V VYV V V

GSN
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‘Adiabatic’ DamBing durinﬁ ke

dxdx'is defined via the position deviation and angle in lab-frame
after acceleration

|l \ w
The emittance € = [
before acceleration

Acceleration

After acceleration the longitudinal velocity is increased = angle ¢ is smaller
— normalized emittance &,,,,, = B ¥-& is preserved (Lorentz factor y & velocity g=v,/c )

Example: Acceleration in SIS18 of C6+

6.7 — 600 MeV/u (=12 —> 79 %) observed by IPM

) ) Bi Vi
theoretical width: o = O
f Br-ve
= 0.33 g

measured width:  or = 0.37 - g;

Peter Forck, GSI, Nov. 22nd 2018

norm. distribution

IPM

synchrotron with
acceleration

extraction

injection

23

1.2

T T T I T T T
| — at injection
—— t=0.14 s

—20
coordinate [mm]

0

GBS
IPMs at GSI



Emittance ‘Control’ via Chopped Injection

For a multi-turn injection the emittance
can be controlled by beam chopping

Example: C®* at 6.7 MeV/u, up to 6-10%ions per fill
with multi-turn injection at GSI synchrotron, Sus/turn

. 1.2 ; : : o T . . : . :
Bumper magnet action: § 10— im3e  horizontal g o[« sored veam "]
» First beamlet injected on central path Z 08 ESAl x 1
. N % 0.6 /
» Successive filling of ‘outer’ phase space s E 3f
. . . g < 2T
= stored horizontal emittance varies 5 02 | Bl 4
—> vertical emittance un-changed %% 2 0 20 a0 o 20 40 60 80 100 120
hor. coordinate x [mm] chopper time interval t - [ms]
Tal] 1 1.2 T T T T T T T
— Injected current increase for longer t,, o o[ vertical | ofe iy, Te ]
e — Lap-Oous/ ‘ = L - i
E 0.8 [ tanp=93us ,//'l \ E g 5 F
Bosl ﬁ’/ \ B 8 ‘57’;"@_@"@‘
chopper transmission : 04| /A g4 A
T tonopVariation S oz peoo Fal @
i 0.0 == : T 0 L : : . :
1 —40 -0 0 20 40 0 20 40 60 80 100 120
> vert. coordinate y [mm] chopper time interval t,  [us]

N

i

njected beant current

~

1 SN
\bumper magnet field

N

Peter Forck, GSI, Nov. 22nd 2018

time
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== I
Emittance Enlargement & hollow Beam by Injection Mis-steering

BN\ NS TS moawr
Emittance conservation requires gxample: Variation of vertical injection angle by magnetic steerer
precise injection matching Beam: C®* at 6.7 MeV/u acc. to 600 MeV/u, up to 6-10%ions per fill
Wrong angle with multi-turn injection, IPM integration 0.5 ms i.e. ~ 100 turns
of injected beam: Vertical profile at injection: Horizontal proflle at injection:
> injection into outer . ompm g e i a0

phase space — large
Samplitude i.e. large beam
» might result in

Sy Ko s S oy ——-steer=+0.39_

L
o
T

-

Y
a2
o

o
ES

norm. distribution
o
=)
norm. distribution
(=]
[++]

‘hollow’ beam Z: i e vartics) width o
- h 10 4 ~ -
— larger emittance after accel. ==t . & Defore 00 =TTt
_3(‘}7e_r%0 coi)?'dlgatelgf [121'?m o E‘ or Sf‘cc V4 ] bo¥, cosrdinsts ¥ [mm
Vertical proflle afteracc.. sef - §°§ e Horizontal profile after acc.
14 - =-=- steer = — % 4r 1 L4 r ——-- steer = - ]
g 12 F ieer -+ gtg g 2 @ﬁi‘%\%' —’—’igg 4 g 12k :teer = + gig_
E ol — — - steer = + 0.39_ o o aft@)e;- aCC § wl - _: steer = + 0.39_
E 08 stesring value If@rbui % 08
injection: ©oer el
E 04 E 04 |
angle g 02 S 02l
mismatch % 0 t—1o d.é . 10r %0 00 ———_zrg ~10 d_é t' 1'% ' ]zo
vert. coordinate y |[mm or. coordinate X [mimn
~ misplace injection filamentation larger emittance
vertical .. . L’
Schematic simulation: AR
steerer AP
Courtesy M. Syphers A
|

GShE
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IPM: Observation of Cooling and Stacking
Example: IPM: Profile recording every 10 ms
U’3* beam at GSI for intensity increase measurement within one cycle
stacking by electron cooling | 5injections + cooling | | acc. |
and acc. 11.4 — 400 MeV/u - - —>

Task for IPM: ' horizontal | |
» Observation of cooling 0 1 2 3
» Emittance evaluation during cycle

=
©c n

width ¢ [mm]
= O

o

o

horizontal

)
21
s 10 -
g
20
L7

(%))
[

vertical -
dc—transformer

(=) (9]
I
1

time [s]

| 4P | |
Peter Forck, GSI, Nov. 22nd 2018 IPMs at GSI



Effect of horizontal-vertical Coupling Resonance » ﬂ
R a8 @@
HOFiZOﬂt&' > Ve rtlcal COUpllng If QX = Qy Horizontal Profile Vertical Profile -
Example for tune crossing Q, =4.16 — 4.33: 1100
g 127111‘{E A(C f Tune ‘.r‘\/'(‘.l't.i(r"dl (y)r 1000 0.7
© 10 ; ; Tamp -+ Horizontal (x) || 4 b
\; 8 ;._.': E 800 0.45
—g 6 B 700 0.30
5 4r 600 0.15
g
':_-,\; - LE ) E . Z ‘ \ ¢ ; g 500 0.00
o 300 500 700 900 1100 1300 1500 _ _
Time (ms) Compensation with skew quad.

1.05

Beam: 1010 N7* after acceleration, before slow extraction
hori. Q, =4.16 — 4.33 within 0.1s, vert: Qy =3.29 1000
— coupling when Q, = Q,

Tune measurement by transverse Schottky spectrum

Time / ms

Partly compensation of coupling resonance with
skew quadrupoles to control emittances

] \ 0.15
¢ { 0.00
—10 -5 0 5 10 —10—=5 0 5 10
X position / mm y position / mm

R. Singh et al., GSI-Annual Report 2014, p. 488
ESN
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Injection Matching into a Synchrotron: Phase Space Mismatch

Ideal case of injection matching:
Orientation of injected beam matches

i hase space
phase space as given by synchrotron _ P P N™ turn
Twiss parameters a, £, and ¥ i.e. ‘machine emittance’ E /)
[ .
<> no change after each turn < stable storage g / /7 irat toro
: (=
% syoch. acceptance
profile
— Nt turn
w
o
k)
b first turn
e
ja
coordinate x
SN
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== 1L
Injection Matching into a Synchrotron: Phase Space Mismatch Q

B\ X U T WO/ TREEEESE ™

Ideal case of injection matching:

Orientation of injected beam matches

phase space as given by synchrotron

Twiss parameters e, £, and ¥ i.e. ‘machine emittance’

< no change after each turn < stable storage

Mis-matched case:

» The beam ellipse o,,,,, has different orientation
as machine ellipse at injection point for N=0 i.e.

> Transformation after one turn profile
0-beam(N =1) = MGbeam(N =0) M

phase space

forth turn

divergence x

forth turn

5
#  Opeam (N =0) t
I.e. rotation in phase space by the tune = first turn
Depictive argument: Always particle on both ellipse & '

Observable quantity: Beam profile oscillates / \

coordinate x

After many turns:
Particle have different tunes e.g. by longitudinal momentum deviation and chromaticity g—Q = -%
0 0
= Entire transverse phase space is filled i.e. beam with enlarged emittance
SN
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Injection Matching into a Synchrotron: Phase Space Mismatch

Mis-matched injection into a synchrotron:

Can be monitored by beam profile measurement:

Example: Injection of a 80 ns bunch of protons phase space

gacond turn

into CERN PS at 1.4 GeV/u (2.2 us revolution time) 2 forth turn
Profile measurement by SEM-Grid o iramt turn
. - . <L
» Turn-by-turn profile variation related to tune 20
. - . €T
=2
» Used for improvement of injection parameters 2 synch. acceptance
— — 40 | Emittance orientation error
- ﬁ:fsn “as3 rr::: n=2 n;{e;;z 57 n?r:T 2 . S T A N
1 _ 1 B S L N A R T R T SRV
: 1 $ o PR AR RERT A SRR ot
______ ol || il | E L7 orth turn
2 _10posi‘ti0?1 (mmm) 10 S _10posiﬁ0?1 (mmm) 10 2 é‘ ul( ;J ‘P * * N
=327 =497 10 1 i
R il N B e 7ay, (Un NON-integer tune) firt turn

all. . 0 ] 10 15 20 : i
IIIIII IIIII turn number second turn
il S _all M —
20 -10 0 10 20 -200 -10 0 10 20 6 POS|t|On error
position (mm) position (mm)

mean = 4.72 mm n=g mean = 2.99 mm
RMS = 5.96 mm RMS = 420 mm

|| . _______..iI|||I‘|._r 2
0 10 0 10 20

n=5
coordinate x

<x> (mm)
*

density
density

¥

- _mpos'rtion{mm) 0 _mposition (mm) i (qh non'lnteger tune)
) % 5 10 15 20
From M. Benedikt et al., DIPAC 2001 turn number

SN
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IPM: Turn-by-Turn Measurement 8
Important application: Example: Injection to J-PARC RCS at 0.4 GeV
> Injection matching Anode: wire array with 1mm pitch
to prevent for emittance enlargement — —
un -match
» Observation during ‘bunch gymnastics’ | /ed\V¥~ e matChed—d/;\\\ =
= turn-by-turn measurement =
Required time resolution ~ 100 ns o
= =7 >
Turn-by-turn IPMs at
BNL, CERN, FNAL etc.
Not realized at GSI yet
but nice-to-have for SIS100! == ———
N‘
L. X(mm .. X(mm

-40 -20 0 20 40 40 -20 0 20 40

H. Hotchi (J-PARC), HB'08, A Satou (J-PARC) et al., EPAC’08

GSX
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Outline of the Talk ' "l
BN o a5 U5 R W

Outline of the talk:

Principle of lonization Profile Monitors

Technical realization at ESR, SIS18 and for FAIR

Some basic & advanced measurements

Requirements for magnetic field, realization at SIS18
Simulations for disturbing effects

IPM at CRYRING and BIF at UNILAC

Conclusion

vV V.V V V V V

GSN
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Electron Detection and Guidance by Magnetic Field

lon detection mode:

HYV electrode

voltage divider,

+6kV
R
+5kV
beam
+4kV
_)
E +3kV
ion +2kV
e.o. Hf
v 8 +1kV
= N MCP
anode

position readout

= broadening by beam’s electric field
10 T T

T T
— beam (radius r=2.5 mm)
g
v R I — N
per 10 m bunch = )
H |, e,B=0 f | H,' ion
G-10§ |e B=01T B 2
4] — 0 k ! i
5 2 \
- d-10 I\ Ve, B=0.1T
o B ! H
A—R0 Bz { 1 .
5 B - ! .
B =30 595 100 105 | ¥
horizontal axis [mm] | i
_30 1 1 1 I i

|
ca

Peter Forck, GSI

horizontal (detection) axis [mm]

, Nov. 22M, 2018

-1 0 1 2 3

“)
Electron detection mode:
HYV electrode  voliage divider 6 KV
- s kV
A 4 beam
. -4kV
E|B S3kV
electron -2kV
-1kV
= IR vicp

anode

position readout

e~ detection in an external magnetic field
— cyclotron radius rp = %L
eB

for Exiny =10eV&B=01T=r,~100 um
E,i, from atomic physics, 100 um resolution of MCP

Time-of-flight: =1 - 2 ns = 2 - 3 cycles.
B-field: Dipole with large aperture
— IPM is expensive & large device!

GBS
IPMs at GSI



=S
Broadening due to the Beam’s Space Charge: Ion Detection

4B
B\ A~ (W TS T
Influence of the residual gas ion trajectory by :

» External electric field E,
» Electric field of the beam’s space charge Eg,,
e.g. Gaussian density distribution for round beam: Eg,,..(r) =

1 GeN 1
2y, | r

o _ e’In2 N [ 1 1
Estimation of correction: gy ~ A Oy [———ocN-d - |—
eU,,

Arey,jmc? |

With the measured beam width is roughly approximated by convolution: Géeas =g+ 0.

true corr

Example: Space charge Art#*, 101 per 30 m bunch, with & . = 2.3 mm

80 — ——

T

40 e —
F 1 3.5 . - 1
EGO - Eex ion charge q = 18 . % ion charge q = 18
= ions/bunch N = 10" % 30 ions/bunch N = 10 |
# bunch length 1 = 30m | Y ]
. _| e
,040 beam width ¢ = 2.3mm Jes b 3
T 9 ]
G g ]
— 2 2.0 7
20 o 1
gs o 1
g B 15 ]
C' L : . : ! . : ! : ‘ . . : : . . : - : 10 C PR T RO SR N A R S S PR S——"
0 10 20 30 40 Yo 5 4 5 3 10
radius [mm] true beam width o _ _ [mm]
SN
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Example for Space Charge Broadening §

B\ A T . W S O REESSE ™
Example for SIS18: 11 MeV/u — 500 MeV/u with typical SIS18 parameters
H.,* detection: oo

T T T T T “400 T T T : : 1400 : : : : :
initial Parameter: LT Parameter: initial
HE —_ 1200 |- . L etection initial " Parameter:
InJ. . O) - 110 nS —— final 2 Detection 1200 . ," Detection 1 1200 F—— final H* Detection
Iong 10° Ar® 11MeV /u —— final . X
% 1000 9 Gy 5mm | = 1000 | e 1000 11 o e
_ x - m,: " = g, .= 5mm 8 r N:l Tyora= MM
qrans - 5 mm n; 800 | N=10 jlﬂ:_fegs_ o & 800 |- N:lolo o= Bm = 10ns | & 0 oot Bm = Tions
2 18+ T semm 5 d'“t = 85mm c 800 - 18+ drift = 85mm
5 Ar E= 70V/mm 5 A 18+ S Ar
Extr.: 6y,,,= 25 NS £ , 2 oo0 - AT Fim 7ov/mn 3 600 57 ov/mm
== “long — z £ i
g T 400 [ 1 % 400 | Grinal 1 % 400
Otrans = 2.3 mm 200 | . 200 1 =6.1lmm|
O 1 1
_— _ — _ o) 1 1 1 I I 0
tdrift_ 220+15 ns S rml,?q 2030 -30 -20 -10 0 0 20 30 30 -20 -10 0 0. 20 30
beam size x [mm] beam size x [mm]
. 1400 . ' . 1400 . . ‘ . . 1400 . : . ‘
— broadenlng for 200 - initial Porameter: | initial Parameter: 200 L initial Porameter:
=+ final ;" Detection 200 F o final H," Detection 7 —— final 1," Detection
L 10% Ar® SCOMEV,/\._ 1070 Ares 500MeV,/u L 107 Are SOOMEV/U_
N > 1010/bunCh S 1000 _ 9 Tipons™ 2-3MM = 1000 o = 2.3mm q S 1000 _ 11 a,..= 2.3mm
H e 800 | N_lo o= BT = 2505 & N=1010 a“m: 6m = 25ns < 800 N_lo Toog= &M = 2505 |
e- detection: S 18+ e = 85mm < 800 f SR 18+ e = s
3 600 - Ar E;= 70v/mm 3 s00 Arls+ £~ 7ov/mm 3 600 | Ar Ey= 70u/me
| +1 ns 2 00| 1 3 z
drift 4.5+ S 400 |- 4
200 | Giinal
1 200 + =4.0 -
= no broadening N I S =4.0mm
10 -30 -20 -10 0 10 20 30 0 ! ) : L ! — )
T T T T T beam size x [mm] -30 -20 -10 0 10 20 30 "'“t'o Porameter:
_ beam (radius r=2.5 mm) beam size x [mm] 1200 —— final Electron Detection ]
£ —1n11 10" A 500Mev/
,E 0 ® = 1000 - N_lo T g™ 23T e
o s w0 [ ArtS o
© o=
S-10 f§ b B=0.1 T 2 so0 b £~ 70v/mm
Q = 0r s
e ¢ : A - - B
S = high currents needs guiding magnetic field = «or B=50mT"
£-20 [z 200 .
T £
g P -0 e I ! I L L
horlz]ontal axls‘ [mm] _3g _on 10 0 0 20 20
730_3 2 1 bearmn size x [mm]

nomzontal (detection) axis (mm] ~ Simulation code by: P. Forck, M. Herty, S. Udrea (GSI)

- SN
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IPM Magnet Design for SIS18 & S1S100

oA
Magnetic field for electron guidance B = 80 mT: Corrector

Maximum image distortion: Vertical IPM
5% of beam width = AB/B< 1%
Challenges: Horizontal IPM

» High B-field homogeneity of 1%

300mm

Corrector

> Clearance 540 mm Insertion
» Correctors compensating 570mm I2Efggnt1h
beam steering
> Insertion length 2.5 m incl. correctors
» Changeable from e to ion detection
ESN
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IPM: Magnet Design
Magnetic field for electron guidance:

Maximum image distortion:

5% of beam width= AB/B< 1%

Challenges:

» High B-field homogeneity of 1%

» Clearance 540 mm

» Correctors compensating 2
beam steering yoke.

» Insertion length 2.5 m incl. correctors

0.3x0.15m

Status:

» Magnets delivered, power suppliers in production
» Problems during production, required revision

» Field mapping planned for ~ May 2019

» Vacuum chamber delivery in April 2019

> Installation planned for begin 2020

Peter Forck, GSI, Nov. 22", 2018 37



IPM Magnet Design: Bump Compensation g

Magnetic field for electron guidance B =80 mT-:

corr 1 hor.IPM ver.lPM corr 2

» Dipole kick to beam compensated. T, _
| ‘;InaCUVG

by 2 compensation dipoles. '{

> Due to insertion space limitation | [
only one direction can be
measured at a time

bean
|

Diagnostic 1 LAMINATED
f N Diagnostic 2
J,I \ , (passive)}
Z=502.5 mm| / \\,fi\’ Corrector2
/ e pd
T Z=1641.5 mm "~ _ / -
Corrector 1 \\ /.l'f i
|
I S
o.a o.a o.a o.a L
0.0 0.0 0.0 0.0 L
-s00.0 4000 Z{mmy) 16000 2E00.0 40

Integrated, on-axis dipole field [ By,(z) dz = 0.83 mTm (!)

Courtesy G. de Villiers (iThemba Labs)

s SN
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IPM Magnet Design: ‘Cross Talk’ by neighboring Magnetizatidﬂ

BN o

Magnetic field for electron guidance B =80 mT-:
> Larger aperture (570 mm) than length (300 mm)

— Large stray field
— Magnetization of neighboring yoke
< ‘cross talk’ of magnets

— Field mapping requires entire magnet string

Courtesy G. de Villiers (iThemba Labs)

Surface contours:
— 2.000515E+000
- 1.800000E+000
- 1.600000E+000
- 1.400000E+000
-~ 1.200000E+000
- 1.000000E+000
- 8.000000E-001
t 6.000000E-001

- 4.000000E-001

- 2.000000E-001

__Surface magnetic field

<
L 4.605628E-003 beam \ ’
\

CORRECTOR 1
o

» ‘ ‘f:
* DIAGNOSTIC 2

. not excited!
Figure 7a: LAMINATED MAGNETS

e \ 1

CORRECTOR EXCITATIONS

Peter Forck, GSI, Nov. 22nd 2018

= 70
<t | s
s 60
: 50 F
g \
O a0 |
5 .| |
30 °
g |
€ 20 | : ! ! |
= L —+— CORRECTOR 1
© 10 r ——CORRECTOR 2
I Y D O S O
0 10 20 30 40 50 60 70 80 90 100 110
DIAGNOSTICCURRENT (A)
GSN
39 IPMs at GSI



IPM Magnet Design: Sextuple Compensation 9
BN o

Magnetic field for electron guidance B =80 mT:_

> Larger aperture (570 mm) than length (300 mm)
— Large sextupole components
Idea: 2x2 separated coils of corr.-magnets
create ‘bad’ dipole field
= comp. sextupole effect

2 X 2 separated coils

hori. IPM
“ dipole ]
| corrl corr2 3 corr2
LN < IST ] ' vert. IPM
= —\ —— /__ : corrl  Nori.IPM - inactive
"I sextupole ] Normalized sextupole strength for 11 MeV/u & m/qg= 2:
T r\ﬁ ] > Kk, -L~0.3m? before optimization
T A\ d > k,-L~-0.007 m2 after optimization
: ] (slow extraction k, - L ~ 0.2 m?)
— ettt 026 |
204 . 31.1.2013 (Integral -0,0098 mTm) |
rie b P. Rottlander (GSI) et al., internal report
, GSR
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Magnet Design at CERN-PS & J-PARC i
J-PARC Main Ring:
» diagnostics magnet gap 220 mm

» Diagnostics field B = 250 mT, corrector B =130 mT
» Profile with 32 strips of 2.5 mm width

Courtesy K. Satou et al. J-PARC

CERN- PS Hor| IPM magnet & comp.

Instrument

3 -
g 3
‘e ik, - g
beam pipe‘ n b
= = = vacuum
= o 2 k. © ‘
‘ A ot I ;if- M 1 e |
3 o5
¥

CERN-PS:

e » Diagnostics magnet

(-20 kV fore") B - 200 mT

"™ % Profile with silicon detector
(TimePix3)

> File cage of 50 mm height

front-end #
electronics

cooling Honeycomb

Courtesy J. Storey, S. Levasseur et al. CERN

i SN
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Outline of the Talk - -’%
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Outline of the talk:

Principle of lonization Profile Monitors

Technical realization at ESR, SIS18 and for FAIR
Some basic & advanced measurements

Requirements for magnetic field, realization at SIS18
Simulations for disturbing effects

IPM at CRYRING and BIF at UNILAC

Conclusion

VvV V.V V VYV V V

G=N
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Simulation of Space Charge Effects: General Behavior for lons 9
BN LA TN L T 7 EEResE TN

Space-charge effects: Beam’s space charge can be comparable to external homogeneous E- field
Numerical calculation: > lon or e created with realistic velocity distribution
» Trajectory in field of moving bunches

» Distribution at barrier of MCP
Example: 100 Ar'8 @ 500 MeV/u (8= 75 %)

longitudinal view trans. view | Gong = 29 NS, Oigans = 2.3 MM (SIS18 parameter)
_ = ion trajectory dependence on bunch movement
bunch tail bunch head @ start coordinate
beam @ final coordinate
I\ N —— S
_ gasion from | 44 i
Efield gas ion from head frqlm head | -2 _. 3__
from tail tai o E
O g0
S =28
S
o 61 . . e
Features: _ _ 2 10.000 0 10.000
= 3dim calculation required © bunch tail z [mml bunch head
= Relativistic Lorentz-transformation for fields required longitudinal direction —
SN
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Simulation of Space Charge Effects: General Behavior for Electrons
BN\ "W T oW S
Space-charge effects: Beam’s space charge can be comparable to external homogeneous E- field
Numerical calculation: > lon or e created with realistic velocity distribution

» Trajectory in field of moving bunches
> Distribution at barrier of MCP Example: LHC parameter, 2x10t/bunch
O-Iong = 03 ns’ O-trans: 03 mm

Start at X = 1.56y5ns & Z=20jgnq . Vp = 10° (-1,0,1) m/s

_ longitudinal view trans. view
B-field B=0.2T,E=0.47 kV/cm,
unch tail bunch head Polarization drift Ax, Movement
beam 05, " egion
. E N o A ExBedrift T
| I 1
gas e f from I | | Final
- rom osition
| gase from head! . - head | I L
E-field from tail tail Bunch center | I
passing I I Movement
T I | |Initial and| | in space-
Ea : | | Ifinal gyro- charge
~ Shifted : : : :center region
rocenter -
gy : : :(‘A_jSum)
2 .
. I Imitial | |
Featu .I‘eS . . . | posi'?ion I 1
= 3dim calculation required . P 1
e . . . . A
= Relativistic Lorentz-transformation for fields required o1 | o2 03 0a | o
. . . Real X [mm] Undisturbed
= For electron detection and intense beams: trajectory trajectory

complex trajectory due to gyration on external B-field

D. Vilsmeier et al., in preparation for PRAB
SN
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Electron Energy & Angular Distribution i
Collision of the fast projectile with target electrons leads to ‘initial’ cyclotron radius:
Single differential cross section for p on H, gas Analytical quantum mechanical approach:
with ‘Binary Encounter Approximation’: Double diff. cross section for 500 MeV/u Ar'8*
BEA-approx. e with E, on atomic hydrogen with Voitkiv-formula (1999)
projectile 1.0 %
> AL Vi
) -~ proj
Voroj (S Voo, =0.7% ¢ N .
target Vproj > Veonr  for ions: & 0.8 ' | "
< E, =23 keViu L
electron proj o
S 0.6 mummmmm—— i o
R I - I1].;1 IV 13 =
2" _ 1omev] § o =
E o 100MeVy ¥ | © 0.4 pEEEES— 77T i
= 1GeV {8° ©
5 0 12 015 19
s 5 MENOIR S
S 10 1% 010 -
§ 1o~ ] ':;0.005 1 i y
g 18 0.0 ’ ’ . —
9107 Ll A 0904 45 30 135 180 0.01 01 1 10 100
0.001 %lue]étron er?e:i'gy E [ke%’] 10 scatterine anele 8 |deereel electron en ergy [eV]

Results: » Comparable shape of energy distribution
» ~ 55 % below 10 eV, 93 % below 100 eV, 99.5 % below 1 keV
> Peaked at angle @ ~ 90°
» S1S18: no significant influence for profile broadening but e.g. for LHC as o~ 0.2 mm beam size

. GSN
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Code “Virtual-IPM’ by D. Vilsmeier and M. Sapinsky
BN WL TN R [ e TN

Virtual-IPM: Code for all beam parameters with advanced Python programming:
Situation: Each laboratory has its own code with special application & restriction

= ‘All-in-one’ code developed and published on https://gitlab.com/IPMsim/Virtual-1PM

Code includes:
» Application for LINACs
e.g. short bunches, non-relativistic
» Application for synchrotrons
e.g. long bunches, relativistic
Homogeneous E & B fields or input CST maps
d’c
dE-df
Accurate numeric for particle tracking

Meaningful GUI
Usable for IPM, BIF, gas jets, multiple beams....

Realistic e- generation

YV VYV V V

See M. Sapinski et al., IBIC 2016
D. Vilsmeier et al., IBIC 2017 and reference therein
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2@ 0Q

Beams Device ParticleGeneration  ParticleTracking  ElectricGuidingField  MagneticGuidingField  simulation  Output

Beams
Configure beams:

Beamm Bunch  Bunch Train

Select the BunchShape:

Gausslan i ]

This component represents a bunch that ks Gausslan in all dimensions.

@ LongitudinalSigmaLabFrame = |12

@ TransverseSigma 230, 250 um -

Single and double

Guiding
fields

Initial

e ionization cross sections
velocities

Gas jet velocity

Varying in computational Uniform fields

complexity as well as Two and three dim.

numerical accuracy CST field maps

Analytic formulations

Beam
fields

Particle
tracking

Numerical solvers

Both two and three dim.

GSN
Courtesy M. Sapinski D. Vilsmeier (GSI)  IPMs at GSI
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Some Results using Virtual-1IPM

B\

» Estimation of profile deformation of ion detection of intense beams:

— example shown for 101° Ar@500 MeV/u
» Estimation of required magnetic field strength for e- detection:
For intense beams the electron’s trajectory is significantly deformed by bunch field, e.g at LHC

— Which B-field is required ?

6.5 TeV

1

o«

E'ﬂ
distribution P(x)

T

LHC parameter:
Ei,=65TeV |
1.3 x 101Y/bunch o
Ojong =0.6 NS

[a.u]

— final
— original

TB=02T

¢ =0.228 mm

o'trans 2029 mm 0% — 55" —

700

0.5+

original profile
simulated, B=02T
simulated, BE=1.0T

R R
0.5

1
X fmm)

electrons, E=53 kV/m, B=40 mT, sig=2.17 mm, protons

» Required B-field for SIS100 ?

600

B

=40 mT

_— beam‘profile

| =---- gaussian fit L
B distorted profile

[
fit sigma =‘2.267 mm

E,.. = 30 GeV
2 x10%3/bunch o
Oiong = 15 NS 2 o

oy =2.17 mm, g,=4.4mm
= SI1S5100 magnet design is OK!

100

[+]

D. Vilsmeier et al., HB 2014

Peter Forck, GSI, Nov. 22nd 2018

0
position [mm]

M. Sapinski et al., HB 2018

5 10 15

1400

initial

Parameter:
1200 —— fiﬂO\ H,* Detection N
0% Ar'®™ 500MeV ful
1000 o= 2.3mm
800 N=lOlo @ y= Bm = 25ns
drift = 85mm
600 - Ar18+ E,= 70v/mm | ﬂ
400
Ofinal
200 =4.0mm
O 1 1 1 1 1
-30 -20 —-10 0 10 20 30

beam size x [mm]

*HC [] hadrons
- O  leptons
E 103 LBA PS
2 ¢ i O
=]
e
£ Gs
E o

O
101 - ' !
1072 1071 109 101 102

Beam size 0 [mm!1

» Multiple beams:

LHC electron lens project

(hollow e -beam as collimator)
controlled by

Beam Induced Fluorescence Monitor

D. Vilsmeier et al., in preparation for PRAB

47 Courtesy M. Sapinski, D. Vilsmeier (GSI)
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Machine Learning for Image Reconstruction @

Machine Learning:
‘A numerical algorithm that improves its performance at a given talk based on experiences’

_ Example for ML validation
Idea:

g-Gauss: B =0.6, 0, =0.27 mm, N, = 2.0e+11

> Distorted profiles calculated by Virtual-IPM 0141 — distorted profile

for various input parameters 0.12 / ‘ —— beam profile '
- —— corrected profile

» Training of neural network

» Reconstruction of measured profile
to approximate real beam profile

One results: Training with Gaussian shapes

can reconstruct non-Gaussian shapes!

e [a.u.]
o \o
&

ampliud

-10 -05 00 05 10 15 20
position [mm]

Actual subject within accelerator science, novel method for IPMs
Discussed by M. Sapinski at GSI Acc. Seminar 16" Aug. 2018 & publications

M. Sapinski et al., HB 2018 & IPAC 2018, R Singh et al., IBIC 2017

Peter Forck, GSI, Nov. 22", 2018 48Courtesy M. Sapinski, R. Singh, D. Vilsmeier 1PMs at GSI
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Outline of the talk:

Principle of lonization Profile Monitors

Technical realization at ESR, SIS18 and for FAIR
Some basic & advanced measurements

Requirements for magnetic field, realization at SIS18
Simulations for disturbing effects

IPM at CRYRING and BIF at UNILAC
Conclusion

vV V.V V VYV V V

GSN
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IPM at CRYRING: Hardware of Field-Box 4t

IPM design by MSL-team in 1990t:

>

YV V VYV VYV

—————

Field cage: 100 mm , 80 mm depth

Chevron type (stack of 2 MCPs, 40 mm diam.)
Resistive anode

Charge-sensitive pre-amplifiers

Resolution: o~ 130 um due to single event counting
Maximum MCP digitalization rates ~5x10* Hz
For 300 keV/u injection correction required
At GSI: Operation without corrector

Peter Forck, GSI, Nov. 22", 2018 50 Courtesy A. Reiter (GSI) IPMs at GSI



IPM at CRYRING: Electronics
Slgnal processing and DAQ
» Charge-sensitive pre-amplifiers & spectroscopy amplifiers

» DAQ: VME peak-sensing ADC, 20 kHz readout
» Position (x,y) of each event via charge division

O,
O

ol

3 T T 1= |J_..I I_ T T |-(I T 1 I" L)

Www / UoI}Iso4
0<

0g

»Z

» Charge readout at corners
NIM crate: N > Detection of peak values
amp & gate Position calculation based on asymmetry

(h+D) — (I3 + 1) (L + ) - U+ 13)
) T = T

SN
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IPM at CRYRING: Results

. T . W / PREERSSE ™
FESA DAQ and GUI used at November 2018 beam time during electron cooling

BN\

Features:

» Permanent oper.,
=125 ms

here t,,e
» Good

signal-to-noise

» used for alignment

of electron cooler

. cycrl
« Start

Peter Forck, GSI, Nov. 22nd 2018

Main  Expert Settings

Acquisition-Mode Selection

Timing A4

Timing Mode Config

ao |20 |20 |
evino | s18 | s20 |
FLaGs | 8 8 |
siD 0 0

Status:

» Hardware tested with beam
> FESA DAQ and GUI operational

Length 1.0

High Voltage :: Horizontal IPM
Set (V) uv) 1 {uA)
MCP -2300 -2301 396

F-Cage 2000 2000 114
Power Off
High Voltage :: Vertical IPM

Set(V) U(V) I(uA)
MCP -2350 -2351 402

F-Cage 2000 2000 115

Power Off

Data Recording

Expert Data

il Intensity / Profile

Vertical Intensity / Profile

Help

®
i

Start Recording @ -

CryPM - Cryring lonisation Profile Monitors (Expert Mode)
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Beam Induced Fluorescence (BIF) Monitor: Principle Q
_ S A~ 7 I W

Detecting photons from residual gas molecules, e.g. Nitrogen
N, + lon — (N,")*+ lon — N,* +y + lon
390 nm< A< 470 nm
emitted into solid angle €2 to camera L\\

N

single photon detection scheme
Features for UNILAC:

> Single pulse observation possible \@«\5“
down to ~10 pus time resolution
» High resolution (here 0.2 mm/pixel) 105
can be matched to application by optics

N,-fluorescent gas
~equally distributed

» Commercial Image Intensifier ' fi

> Pressure pump up to 106 mbar possible i lo7
7

Remark concerning European Spallation Source: — =, °5

> BIF foreseen at normal-conducting LINAC E,;, < 90 MeV
» |IPM foreseen at super-conducting LINAC
» Space charge broadening investigated

o 0 ol

15

aver. pixel int.
F. Becker et al., DIPAC’11 Beam: Arl0* at 4.7 MeV/u, 1=2.5 mA, 10 ppp, p=10- mbar

| -9 | |
Peter Forck, GSI, Nov. 22nd 2018 IPMs at GSI



BIF-Monitor: Technical Realization at UNILAC 7

BN \oiillh.
Example: BIF station at UNILAC: 1 B HorizontalBIE
> Insertion length 25 cm s || ik
» 2 x image intensified CCD cameras —==_.-¥ |mage Int. CCD
» Optics with reproduction scale 0.2 mm/pixel ‘ \
» Gas inlet + gauge, pneumatic actuator for calibration {

» presently installed at 7 locations ‘
»Advantage: compact insertion, resolution adaptable
of-the-shelf components

»Disadvantage: less signal ~ 10-°...10- of IPM

*
-t
-
-

Image intensifier
for single photons

Photocathode Y

~C. Andre (GSI) et al., Proc. IBIC 2014

SN
Peter Forck, GSI, Nov. 22", 2018 Courtesy Ch. Andre (GSI) IPMs at GSI



Dedicated Workshops on IPM Developments T

15t IPM workshop 3" - 4t of February 2016 at CERN:
‘lonization Profile Monitor Simulation kick-off Workshop’

17 participants

2nd |PM workshop 221 - 24t of May 2017 at GSI:
‘Simulation, Design & Operation of lonization Profile Monitors’
(Within the frame of European ARIES-ADA)

33 participants ARIES s S

3'd |PM workshop 18% - 20t September 2018 at J-PARC:
‘International workshop on non-invasive Beam Profile
Monitors for Hadron Machines and its related Techniques’
27 participants

=> active community to realize complex beam instrument

Peter Forck, GSI, Nov. 22", 2018 55 IPMs at GSI



Summary and Outlook 9

B\ 4 N T W |/ TREEE0 T
lonization profile monitors well suited for GSI rings:
» Direct measurement of profile during entire cycle

» Sufficient signal for time resolution = 3...100 ms in dependence on beam current and vacuum pressure
» Spatial resolution of 2 mm for ‘old IPM’ SIS18 and ~ 0.2 mm for other IPMs — mostly sufficient

» Operational monitors with complex technical realization (as common to IPMs at other institutes)

» Concept for profile distortions established by advanced simulation code, used for further applications

IPM at CRYRING:

» Used during beam time, design by MSL, GSI FESA-DAQ & GUI operational, good spatial resolution
IPM at ESR:

> Hardware well functional, 1%t version of FESA DAQ, but GUI pending

‘Old IPM’ at SIS18:
» Used frequently during machine experiments, usage during operation could be more intense
» Appropriate GUI, presently some network problems

‘New IPM” at SIS18 (serves as prototype for SIS100):
» Vacuum hardware must be improved (some reflection), 15t version FESA DAQ, but GUI pending

» Modifications were required for magnets, final field mapping in Q2/19, installation begin of 2020.
IPM at FAIR-HEBT:

» Simplified IPM for max. 15 location for long-term profile observation considered

Thank you for your attention!
Peter Forck, GSI, Nov. 22", 2018 56 IPII\/I;s?tESI



