Beam Diagnostics for Commissioning and Operation

of the FAIR Proton Linac FAIR
E 5 ][ T. Sieber, P. Forck, S. Udrea # weLmnovtz

GSI Helmholtz-Zentrum fiir Schwerionenforschung, Darmstadt, Germany Mol

PROACTIVE J. Herranz, A. Vizcaino
sl PROACTIVE, Barcelona, Spain

'MOPAB315

_ ] ] Parameter |Device # | Nondestr. | Remarks
AbStraCt FAIR PrOtOn Llnac Dlag nOStICS Current Transformer [9|Yes Dynamic
Trans-mission
Control
: : : Faraday Cup |3 |No Mainly as
For thg planned antlp_rgton expferlme_nts at FAIR 2”\/'\%22 fs“ctae,rmer ACCT Faraday Cup _, toSIs18 y Cup BeamyDurm)S
a dedicated proton injector Linac is currently \> I Brofie SEM Grds 121No Standard
under construction. It will be connected via the l uu l l u 1 ;{1 | l 1 —
old UNILAC transfer beamline to SIS18 and ¢ 11 et - B SO - -~ I —— - ; Era.”sv' Slit Grid 3|No Standara
has a length of ~30 m. The Linac wil f I Slit & SEM-Grid 1 1 Sance
accelerate protons up to a final energy of 68 Iris Slit & SEM-Grid Bunch Shape Monitor Scraping
MeV at a pulse length of 35 ys and a maximum — — Position & | Button BPMs |1 | Yes Position, TOF
repetition rate of 4 Hz. It will operate at 325 lon Source LEBT RFQ 3 x CCH-Cavities 3 x CH-Cavities Beam Dump & Test Bench :\Eﬂean 4 gRela’E{ive
: " " ner urren
MHz and consists of a new so called "Ladder N Bunc%y Nem BT T11Ves TN Tonder
RFQ type, followed by a chain of CH-cavities, 1 1 1 1 l 1 1 \ 1 1 1 Shape Feschenko Development
partially coupled by rf-coupling cells. We have - A 1.;.\,.. _._g%}( vy '
worked out a diagnostics system, which allows | . - LEBT: Wien Filter |1|No Standard
detailed measurement and study of all beam . , _ Charge state (CEA)
. . BPM location: inter-tank and beam-line design LEBT: Allison 1INo Standard
parameters during commissioning and later Emittance | Scanner (CEA)
during regular operation. The diagnostics

devices will - in a first step - be installed on a
diagnostics testbench for stepwise

commissioning. We present the concepts for . . Harp Simulations
Linac and testbench with some special The proton Linac: SEM Grld DES|gn P

emphasis on energy measurements with > Serves as an injector for the FAIR SEM Grids designed by PROACTIVE:
El Missi ' Model to study the
SpeCtrome-ter an-d Secondary Electron eMission synchrotrons » Design based on PCB in combination | ~ e 7T filed confi uraﬁion for
(SEM-) grid profile measurements. , , _ S . _ 9 i
» High pulse current during 30 pus multi-turn with mech. stretching system —— different wire / grid
injection geometries

» Effective acceleration by CH type cavities

> Novel acc. structures (“Ladder” RFQ, CH) > used for beam alignment/operation and
Optimization with respect

FAIR @ GSI » Sensitive longitudinal beam dynamics emittance measurement (grids and o mighast possible
= High demands for beam diagnostics harps) ST el . s CeEs

setup and lowest applied
voltage. 10kV/m required

Proton Linac /— Basic Linac parameters — to bend electrons away

SIS100 : LA from neighbouring wires
Beam energy 68 MeV
Beam current (op.) 35 mA
Beam current (des.) 70 mA Slesding
Beam pulse length 36 us
Repetition rate 4 Hz
Rf-frequency 325.224 MHz
Tot. hor. emit. (norm.) 21/ 4.2 ym
Tot. mom. spread <+10°3 o 1 =t 0T B}
Linac length ~35m | e | v . i — -y - T — T
: 1 LB standard co-planar wire alternative setup to avoid field free
arrangement region between wires

» 0.1 mm wires, 0.5 mm wire pitch
» detector area 32 x 32 mm

Alignment target PCB Connectors (37 pin)

Bunch Shape Monitor detector: SEM or FC Beam Transformers

> insertion of a 0.1 mm wire at ~ 10 kV Nd‘ shape » Type: Bergoz ‘in flange’ type for CF100, & ... = 48 mm and length 40 mm

> . ¢ g - within | 1 for all locations
emission or secondary € within 1€Ss » Basic operation tool, input for transmission control

PS » DAQ: pTCA based system in progress
> rf-deflector as 'time-to-space’ converter rf-deflector » Beam loss control via pulse-by-pulse transmission measurement

> detector with a thin slit (+ phase shifter)

> slow shift of the phase _@ Flange CF 100
> resolution =1°< 10 pPS Inner diameter 47.7 mm

aperture: about 1 mm - - Insertion length 40 mm
' 3 Resolution ~ 2 A for full BW

Status: (0.1 mm, 10 kV _s_c%dary R R 1 | & / 7 .4 Bandwidth 1 MHz — mod. to 3 MHz
INR MOSCOW can prOdUCG —@ » 'g A Number of ranges 1 - mod. to 3

. beam ‘05 \' Full scales: 100/10/1 mA
such monitor. Status: Order ,
Test input no — mod. to yes

has been placed Jinter Tank" type,
mounted to triplet

T t B h d S t t D -  ————  —— pLinac RFQ rebuncher/ MEBT
30 - a AT 7 30 - b ol ] . . .
€S encn an pec rometer eS|g N _ ool 7 g 1_ ol (P - section, with compact triplet lens to
10 | 10 - .
et Bench ueed for th T S ol £ ol catch divergent beam from RFQ -
' n r Wi mmissionin in e L0F 1210 T
~ Test Bench used for the stepwise commissioning of the plinac 20| il 1= o] beam transport similar to Test Bench
-30 - e 4 -30 |
) . ) ) . . _40 1 1 1 1 1 _40 1 1 1 1 1 Il 1
» Includes all tyges of beam instrumentation devices to be used with the pLinac after =R e C R TR Y BB : _
the RFQ (i.e. E, = 3 MeV) — U o SR Triplet1 Triplet2
_25+ (€) . (d)
‘ . _ . _ _ 320} I : Rebuncher CCH1
> Will bg equipped W|tI:c1 beam optics (quadrupoles, steerers) and a dipole for energy ol 2ol RFQ exit / = ACCT _
spread measurements - . o L) BPM EI t S h
" g st Steerer - eCctronicCs scheme
0 1 1 0 1 1 1 ¥ =
290 295 3.00 3.05 3.10 290 295 3.00 305 3.10 2
E.[M.eV] _ E [MeV] . . BPM t GPIB to P 101100 MBps Ethernet g
(a) and (b): Phase space projections after a 125 mm drift from the end of the RFQ rods without (blue) and with Ethernet |« » Management
(red) space charge effects. interface
(c): Energy spectra after the same drift, colors have the same meaning A
A 5 406/ (d): Energy spectra before (red) and behind (magenta) a 2 mm wide slit placed after the 125 mm drift GPIB
%: é E é § §’ % g’ -é % -g, g % é % /gs,hg ] ] . ] ‘ y | L . m" " Ai y At Reszzr:ar‘llce N ¥ P Gigabit Ethernet . Data A‘”g“is“if’“
o i c o » Effect of space charge ion energy distribution calculated T = i \\ Hol e i Y s 5 RF Switch s | Digital Henegement
S g% @ ® % 8 X . . P . iy ¢ s SR o\ e e inputs from Matrix » Sampling
3 &8 53 58 » Investigation of energy distribution position dependence - other > 4x SPGT Oscilloscope |vaser | Trigger  +——— "0
. . . (tank signals) ! < eference
. . » Beam transport with pLinac MEBT triplet e gate "
I ] . . agn Termmal/' A A A A 3
— » Spectrometer operation requires additional quadrupoles A P o ar o e [ ] o] [o] [ ]| Terminal box
: racks 2 A 4 2 |forX signals
araday Cup +
. . Slit
S I I I I l J I all-l () n S 1 %EEE ZQZ Z 7 | B 15%%% 2 ZZ : 7 Libera Single Pass H
0 / I < al S 4 SPM
- . 1) i X » (analog proc., [+ o
= | i » ""/_ M NIy —H_—_\“—i\ii_“—"—f’ % .| ADC, FPGA) SL%E::& Management
| | | upler ] >
3 /;\_“"— [ I l ~ ! T mill ! | BPM & TOF
= — ——— e T~ 7l -*—-—‘E/ a il BPM Data
= \:/_“‘# o i Zi AL % ; AECIN vy -t . v, (analog proc., |« > Proégf};'g? &
w o| T | i 2 4 W7 4 | e . »| ADC, FPGA) Logic
Lc 777 L L c EH3 B PRE3E R ¥ £ EI B g § : FEEEEREES RE ggi 3 g Terminal box
= os o5 g % 2 ] 2 8 H 5 e 8 e g I for BPM 7
i+ 5 E 5 B b O ? signals
o S° ° o . . . a I BPM
s : O 7l FERIEE A sl Ny Uil | e L
o = / al| | +| ADC, FPGA) !
s iy //,_ﬁ g i I F‘_J/‘___// I Timing Events
M —HHH ][] | A module | Sampling clock
. i I | | | sync (optional)
: . l /\I o, . . , BPM *
: u | | L Tttt —— ]| ] = > AD 22271 (analog proc.,
g il a| | » ADC, FPGA)
1l
Z il Iz
1 — | Zﬁ 2 Z L acid .A%Zzé% % z 4 -
8% 2 553 8 g 5 52 7% 9 BE595 £% 5 4% § g s ot RF — Preamp |
4 ZQE E E S s g fg m‘:; E ZQ.E S E & E E E & 2 OutprL]Jts w| Splitter 1->24 Control Board |
0.500m = =R [ = > =S =1 other
r:jassii A | L Sampling clock sync
[ [ " [ [ [ " and racks T lj
Design calculation for spectrometer, object plane is a slit in the first Beam transport from RFQ, spectrometer Beam transport from CCH3, spectrometer e

signal

diagnostic box. Image plane is the slit in front of the final Faraday Cup mode (upper), transport mode (lower) mode (upper), transport mode (lower)



