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Abstract

Linear IFMIF Prototype Accelerator (LIPAc) is a hadron LINAC developed and operated under the EU-JA
collaboration, for validating technologies to accelerate a 9 MeV deuteron beam at CW, and high beam current (125 mA).
LIPAc is presently in the commissioning phase namely B+, where the beam line is fully constructed by replacing the
superconducting LINAC section between medium and high energy beam transport lines with an intermediate transport
line for 5 MeV deuteron beam from RFQ. To compare different measurement method non-interceptive and also
interceptive diagnostics, it is important to operate them at low duty cycle. Also, changes in beam properties can be traced
by comparing the BPM data. Phase-B+ operation is useful to validate the beam transport codes, by using BPM
measurement. This report presents the progress of the BPM with the results of the low duty cycle stage of Phase-B+ in
2021, and about the studies related to RF noise floor of the BPM signals.
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Figure 1: Configuration of LIPAc Phase-B+ commissioning and installed BPM positions.
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Table 1: Target Parameter of LIPAc BPMs[7]

Parameter | Value

Beam Parameter
Beam Energy 5 MeV-9 MeV
Beam Current 125 mA
RF pulse width 100pus — CW
Duty cycle 0.1% - 100%

BPM requirement

Position resolution 10pm
Position Accuracy 100pum
Phase resolution 0.3 deg.
Phase precision 2 deg.
Electronics requirement
Max input power 22 dBm
Required dynamic range 50dB
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Figure 2: Schematic of synchronization among LLRF,
beam, and BPMs.
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Table 2: List of Values for Beam Experiment in the
Phase-B+ Stage-1

Parameters Values

Particle Species D+ (H+ for test)

Peak Current 20 mA (10 mA)

Beam Energy 5 MeV (2.5 MeV)

Pulse Length 60 us — 100 us or 1.5ms

1 Hz
#01, 200 kV max

Pulse repetition
Re-buncher cavity
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Figure 3: MEBT-BPMO1 raw data using RF generator
signal as the clock board signal of 175MHz, without
(upper) and with (lower) averaging for 18 ps from 40 ps
after beam chopper.

3.2 B —AELHIE RS R
E— AHIERS R ICIR, S FREE RS EFELTWD
DA TIL, AL E O E A ATREZR R B LI E k7=

— T, FOMOTEETIE SN X TRIERE N

MZOENTLESTAR ST, VA Y —T AMZ LA EN

ZOHMEEL CERA LT, 7SV AN D SERINL B A B

— Right Left ~— Bottom — Right Left —— Bottom

-571 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 WEP(22

JoE. A2 H—D ECR 47T, E—AD
Transverse FEINRKEIEALTHIED30 72, Figure
4 |ZEFRD configuration & R EX TIC AR #aLH k
FrrB L7zl th D7 —4 (MEL-BPMO1 % F\ N CHufS)
oY, BifR & LT 5 L VAN T AP R IR B 23 %6
AL TWDHIENRRAT, BRI, VAR DIRBIT~ L
FUAYE=XDOMER LI OAT 2w 7 ZEhE L, BEAM
ZHERRL TS, BT M OE — AE LI, L2 EL
TWABEIK THoTH, AL TWAIENRZ T2, 2hb
HIEIL, RF NIA—ZREBMA T A—Z o — U2 T
(CRIELTZb D THHT, A4 IROIRAEL L A
TLHLDIEEEZBLND, 5. Injector D/ T A—Z [
LTCiE, BB AXT A4%1T9,

Intra-pulse behavior
o2 LR

015 §
3 y =
Eoto] } fasuml| £
- H | i T
c 0.0 [
Soos! fI} /! £ i
= i 11 i ) |
2 Jl > 04 i
0.00 \ / Difference is just the
.. 1" Interdsting oscillation appear 4. oo f., . injector beam restarted
500 750 1000 1250 1500 500 750 1000 1250 1500
Sample Sample

—— Before ECR ReStart After ECR ReStart —— Before ECR ReStart After ECR ReStart

Figure 4: BPM-measured transverse position for beam
pulses before (blue) and after (orange) a short injector
stop without any configuration change.
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Figure 6: Distributions for errors from average of
measured phases applied before (left) and after (right)
calculating relative phase.
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Table 3: Comparison Between Different Averaging
Phases Before and After Relative Phase Calculation

Combination Pre-avg. [MeV] | Post-avg. [MeV]
MBPO01 - MBP02 | < 1.511x 1072 | <2518 x 1073
MBPO01 - MBP03 | < 7.531x 1073 | < 1.255x 1073
MBPO01 - MBP04 | < 6.253 x 1073 | < 1.042 x 1073
MBP02 - MBP03 | < 1.501 x 1072 | < 2.502 x 1073
MBP02 - MBP04 | < 1.067 x 1072 | < 1.778 x 1073
MBP03 - MBP04 | < 3.686 x 107 | < 6.143 x 1073
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Figure 7: HEBT-BPMOS5 (first half 4 lines in the
legend)/05(later half 4 lines in the legend) with FC beam
stopper (top), without FC (middle), and typical RFQ
cavity voltage in beam operation (bottom).
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