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INTRODUCTION TO SARAF - PHASE 2

SARAF accelerator for neutron production
lons: Protons/Deuterons

Energy: 1.3/2.6 — 35/40 MeV @SARAF May 2023
Current: 0.04 - 5 mA CW Fob. 2023 Apr. 2023 M4 _
Frequency: 176 MHz Dec. 2022 — 5 M3 et ‘
J 2017 AUC]. 2020 cM1 === TT7 0
2010 une MEBT  __==="< gy (MeV) 245 A0.

r
New RFQ rods neneé
Operation ~ _ __==="~ o
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MEBT COMMISSIONING SETUP

SARAF accelerator for neutron production
lons: Protons/Deuterons
Energy: 1.3/2.6 — 35/40 MeV
Current: 0.04 - 5 mMACW
F : 176 MH
requency Z Aug. 2020

June 2017 MEBT

M New RFQ rods
Operaton - ==~—"7

-

Slow/fast chopper Control System

LINAC22 — September 2, 2022 | PAGE 3



INSTALLATION STATUS
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INSTALLATION STATUS

VALVE BOXES FOR CM
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cea INSTALLATION STATUS B o
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CONTROL SYSTEMfCABlNE_TS - ORE‘NF‘-'E
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SARAF FAST CHOPPER IN THE LEBT

Slow chopper mode:
Deflection of beam in LEBT
Shortest chopping time ~ 180 ns

aperture
f

chopper

Fast chopper mode:
Sweep of beam in LEBT
Sweep voltage synchronized with RF
Pseudo single bunch is formed in RFQ

aperture
4

chopper ,

RFQ

BPM

Courtesy of L. Weissman (SNRC)
LINAC22 — September 2, 2022

Signals after RFQ
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A. Shor et al., Phys. Rev. Accel. Beams 22, 020403 (2019)
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CONTROL SYSTEM

EPICS environment

Common platform to

control:

* Injector local control
system (LCS)

- MEBTLCS

« SCLLCS

Hardware

MTCA.4

Siemens 1500 PLC
Industrial PC

MRF for timing system

|IOxOS boards for fast
acquisition for current
measurement and

beam loss monitors
LINAC22 — September 2, 2022

IEE server in SNRC Nutanix cluster
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CONTROL SYSTEM

EPICS environment

IEE server in SNRC Nutanix cluster

Common platform to —— ST T oseor E g
control: & SET
. THPOPA20 |- : = =
 Injector local control Channel Access | i | | |
system (LCS) T | e M R = ey ey
- MEBTLCS PE—— S, B S-S | ElEn ERet:

« SCLLCS RFQ + 3 Rebunchars 1 Ei

Hardware %%fm
MTCA4 Timing Master
Siemens 1500 PLC -

|ndUStrIa| PC I Siemens 1500

MRF for timing system [ wmorors m

|IOxOS boards for fast E;f:;;ﬁpg{:g:s
acquisition for current b
measurement and

beam loss monitors
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CONTROL SYSTEM

s . IEE server in SNRC Nutanix cluster
Interface . =

| L Wit O gy MERT_FL

L DR g DO O ol B | i LEBT WS« panfie « il

|
s e

CM3:7 cav 4 bpm CMA4:7 cav,4 bpm

Injector - aperator interface

Siemens 1500 \

CryoModule PLC
cryogenics/vacuum

;-
I

ol R e G SRR O a1

Profibus DP
TPG300
(. 10
I &.F- o falic Valves ] [ Vacuum gauges J
-

Turbo Mumnps.
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CONTROL SYSTEM

Interface

s | Wit 0 | PIEET PO i,

T E— IEE server in SNRC Nutanix cluster
. W T csssov =

i WL TON_ Ot ol BE | g LEBT WS« gl « Bl
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Injector - operator interface |
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MACHINE PROTECTION SYSTEM

Section Beam Current Transmission BOM for beam destination request

current differences Beam Operation Mode (BOM)
IDiff O (IMon0-IMon1) | | | | - o 17

10. current difference oM
filter O (no filter) ‘ filter 1 (exponential filter) | filter 2 (exponential filter) _

TBL
10. | diff0, filterQ: diff threshold 400 uA .- .| FFC ‘
10. | diff0, filterD: chl delay 200 ns FC
Frunctor saar J

10. | diffo, filter0: ch? delay [ ons |

alarm counter B] disable transient a disa transient b disa

fsien I8 ] Ad S ard Dront s atin
10. | diffo), filter0: alarm . IEEETNE  enabled || disabled | disabled
Beam Destination mMeeTrc1 SIRje” L
TBL SIRIe L]

scope - dynamic channels

overview |chO| chl!ch2|ch3| ch4|ch5|ch6

|¥/CHO [v|CH2 |»|CH4 |v|CHG
5| [+ II@elka\rllnI%I \«\QIWF\FM»IIJDCHI s Jan

=1

0 005 01 015 02 025 03 035 04 045 05 055 0.6 065 07 075 0.82
ms

i |v/CHO |v|CH2 |»|CH4 |v|CHG
a<5\ 15 BOE SOE000N 8 \9|IJDCH1 She s

IS

analogs (mA)
(=]

&
ha
¥}

o 005 01 015 02 025 03 035 04 045 05 055 06 O . N
— =T
r Trgoer |EER o
PN ] rccctscope|

Monitors current difference between
2 ACCT to prevent harmful losses.

LINAC22 — September 2, 2022 | PAGE 12

BDM for accepting beam destination request



BEAM COMMISSIONNING

DEC. 2021 AND APR.-JULY 2022

RB2 QP7

Faraday

Goals for a low power proton beam (low DC, 5mA peak, 1.28 MeV)

0 Using available diagnostics in beam conditions %
O Measure RFQ/MEBT transmission using nominal transverse optics §/

O Rebunchers calibration (beam phase/energy, rebuncher phase/amplitude) 4

v
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ION SOURCE EXTRACTION TUNING

Nominal transverse optics from simulations

k

/I\I

Synchrotron oscillation with RFQ voltage
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RFQ TUNING AND IMPACT ON CENTROID

IIII!!III'M-;;E“;KAZ I;  7 4

-

N ‘/I ]
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Transmission, %
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C22 PHASING OF REBUNCHERS: SIGNATURE MATCHINGARAF.

—> DPLATE
2 phase probes

134 RP:!. phas.mg 134 . R!JZ phasing . . i 134 . Rp3 ph?.slng
I1[ @ data l I e data e data
I 1]- - Rb_v=34.238kv | I - = Rb_V=22.391kV i - = Rb_V=-22.356 kV
132} _o%my, | 1]- = Av_E=1287 MeV : P 132f I - = Av_E=128 MeV : 132} - = Av_E=1278 MeV
3 . "o | 1]-—- Rbbunching phase=148.4° 2 I -=—- Rb bunching phase=81.9° [ - -—- Rb bunching phase=193 4°
z 1 ‘\. | ||== Enoacc=128Mev = ! = - = Enoacc.=128MeV
§ 130 “ | I|-—- Rbnoacc. phase=160.4° 5 130 F I e A § 130 ® 0-¢ _ .—- Rb no acc. phase=189.1°
£ ‘ol g L ? g o’ ® e T
wo | __o___-__._= I N S uwi » » = L] . H
3 R / g “d . g . wll
EIEB ““““““ .rik\ ““““““ Pty ‘2‘123' ----- -‘: ------------ P ot 'g123':,‘::::::::::::ﬂ.:::::::::::::
Z e 4 g = 4 g} ' 2
w 1 ~ P w I . . w | ®-~ *
126 | . » . 126 | ' ® e ® : 126 | * 0 o
| ‘#‘ | - | ®_
| I |
124 ; i ; : ; 124 i : 124 i
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Phase, ° Phase, ¢ Phase
Using BPM2-BPM3 Using BPM3-BPM4 Using DPLATE Phase probes

« BPM phase measurement very stable
« Calibration of RB voltage vs LLRF voltage setpoint (Ucav=150mV)
» Calibration of Rebunching phase vs LLRF phase setpoint
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LONGITUDINAL EMITTANCE :
3 GRADIENT VARIATION

Bunch size

{I_

b

—> DPLATE

03f-.:

RMS bunch size, ns

+ from :
0.2

0.1

0.5 @\

RFQ model

:|— Minimization

® Full Data
@ Data for fit

Expectation T R S

Tracewin
expecations

— Expectation
— Minimization

Long. Emit. Ellipse

AE, keV
=}
I

TrabeWin _10_

Z.._minimization |

20|

oy=-0.049
Byw=0.931 deg/m. keV :
Tew=59.111n. deg. keV =

agreement between
simulations and measurement

ay=-0.007
Buow=1.434 deg/m. keV
1 euw=50.4657. deg. keV ||

LINAC22 — September 2,
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LONGITUDINAL EMITTANCE VARIATIONS:
SOURCE EXTRACTION AND RFQ VOLTAGE

0.8

0.6

0.3

RMS bunch size, ns

0.1}

0.4}

05k.....e.....

e RFQ Uamp = 680 mV :
% RFQUamp =710 mV |[------ooie
®  RFQ Uamp = 740 mV Lo

0.0
0

Rb voltage, kV
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LONGITUDINAL EMITTANCE VARIATIONS:
SOURCE EXTRACTION AND RFQ VOLTAGE

Vg s=20KV N RFQ Uy,,= 710 mV
0.8 - : ; - - —, 0.8 : ; - T T
{ ® RFQUamp = 680 mV J T |: Extraction voltageJ
0.7 f il S RFQUamp = 710 mV fooooeedoeiinen, 0.7 oo ¢ 19.2 kv
ocb .a_ L ® RFQUamp-740mv| ., ° P [T ST AT SV * 200K
: 0s SAME MEASUREMENT 40% dlscrepancy in the em|ttance « m|n|m|zat|on »
0 o " :

RFQ Uamy, Eo.W, : Bo.w, Vs (kV) Ep.W, : Be.w,
mV m.deg.keV deg/m.keV n.deg.keV deg/m.keV
680 77.39 . 1.84 19.2 46.05 . 0.84

710 76.43 : 1.03 20.0 47.73 : 1.11

740 61.49 . 0.86 21.1 56.10 . 1.24
; = K 22.0 65.08 . 1.73
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LONGITUDINAL EMITTANCE :

3 GRADIENT VARIATION WITH RB3

MEBT DPLATE

RB3 scan on DPLATE FFC

| [E.'ong_ =34.72n. deg. keV] /]

Nominal transverse and longitudinal setting |
First order longitudinal emittance calculation | \ 2

-2.0 -1.5 -1.0 -0.5 0.0 0.5

PDR WP5 SCL - Beam Dynamics - 22 May 2017 | PAGE 20



IMPROVING MODEL FOR EMITTANCE CALCULATION/RAF

For improving the simulation model :
* FFC pinhole of 0.5mm radius
« Comparison of raw signal with bunch profile simulation (normalizing beam center and integral)
» The profiles are noisy and experimental profiles have negative “bounce”
» Simulating the scope bandwidth of 6Ghz

I
Experiment | Experiment
Simulation : Simulation
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Y e N
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| | | |
| | | |
[ " I [ |
| | | |
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Phase [°] Phase [°]
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0 Remarkable agreement between simulations (TraceWin) and experiment

O Iterative process with new beam/beamline characterization (RFQ, transverse emittance...)
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SUMMARY

Beam commissioning overall on tracks

Chopper slow->fast:

O SNRC successfully managed to single out bunch with fast chopper in LEBT
Control system:

O Many systems are developed and functional. Debugging as they are used in
operation

Injector/ MEBT commissioning:

O High transmission in RFQ/MEBT (>90%)

Q All rebunchers calibrated

O Beam longitudinal characterization reproducibility to be checked
Next for the MEBT commissioning until December 2022:

O Transverse characterization coming up next with the installation of a SEM Grid in
September 2022.

O Switch to deuteron beam
O Max beam power (5mA peak, high DC: 13kW)
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