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Abstract

At the J-PARC LINAC, the digital feedback and feedforward (DFB&FF) systems within the low-level radio frequency
(LLRF) control system play a crucial role in achieving high-precision cavity fields. These ensure the stability of the required
output momentum from LINAC. The 324-MHz DFB&FF system, comprising 24 units, has been updated with a new digital
system until 2022. However, the development for updating the 972-MHz DFB&FF system has not progressed, constrained by
budget limitations On the other hand, the advancements of LLRF systems, developing of the automatic the RF start-up process
and enhancing temperature control of the current system, have been carried out to be feasible within a limited development
budget. In addition, a beam loading compensation system corresponding to thinnings pulse beam has been developed. In the
beam study, this system suppressed the aggravation on RF field stability even in the presence of thinnings. The chopper system
to kick two scrapers by the phase rotation been tested to confirm the beam quality for the high-intensity beam test.
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Figure 1: MEBT2 B1 racks with thermal insulation attached.
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Figure 2: (a) teﬁipérature and (b) humidity trends in 19” racks,
respectively.
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Figure 3: GUI of automatical RF start-up program.
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RF start-up records from the maintenance @2024/06/12

person r ble for start-up

main: Mizobata, sub: Nakano g

start time: 2024/06/12 14:01:15 .
-— m .
end time: 2024/06/12 14:12:35 start and end times of start-up

« RFIL_EVFRIODBERR, 8% - checking and operating before RF start-up -

TP-PC(watchdogs)d>HE2 - TP-PC and loop programs status(watchdogs) - [06/12 14:07:00]
no problems at all stations

LLRF PLCOUE— MORERR, % - LLRF PLC remote - [06/12 14:07:00]

already remote at all stations

LLRF PLCOBSZIBER, 8% - LLRF PLC date8time - [06/12 14:07:02]

exact dategtime at all stations

alerts written in red ink
CPCLE{SDHER - CW
ATTENTION(:#):9RIpping confirmation due to no lirfsrv01-03!!!

A5 —-0v2DUY b - interlock reset - [06/12 14:07:10]
successfully reset at all stations

« RFL_EVS - RF start-up script -

RF start-up [06/12 14:07:14]
start-time: 06/12 14:07:14, end-time: 2024/06/12 14:07:37

failure number: 504:1, $15:1, ACS12:1, ACS15:1 failed stations and the number

of failed attempts
« RFYZ_E(FROBEER, #8% - checking and operating during RF start-up -

VSWRX—5 DRIEDHERR - checking parameters of VSWR meter - [06/12 14:07:24]

no change

J-PARC Event Tagd##2, 27! 7 - checking J-PARC event tags of MTCA/digitizer - [06/12 14:07:24]
obtaining correct J-PARC event tag at all stations

JRAKRINEES O - checking water leak - [06/12 14:07:25]

no detection

D7 S BFREDRER - checking fan status - [06/12 14:07:25]

correctly works

FKORSZIRDMIR - checking pure water quality - [06/12 14:07:25]

no problem

SYONBREIRS 2T LD RO - checking mask status for rack environment system - [06/12 14:07:26]
no masks i original status

RFQE2E BHEMDHER - checking status of RFQ high-speed quick recovery - [06/12 14:07:27]

on in original status

« RFYZ_E(F#0HEER,i8% - checking and operating after RF start-up -

SOW/40W 77> T DFHBOMER - checking the Klystron drive amplifier gain/output - [06/12 14:10:47]
S01, SO5 [ATTENTION(;+#)]: changing the amplitude --> SO0! 5 TFHARHENT VS
SOW/40W 77> T i) D —DFER - checking the Klystron drive amplifier output - [06/12 14:11:54]

no problem
A7 Y D MBIEDHER, 8 - checking the phase drift compensation system - [06/12 14:11:55]
$16 [ATTENTION(:3#)]: incorrect works of the phase drift compensation system --> FB#E#) L7z
EIE DR - checking the detune - [06/12 14:12:28]

no problem

PIF*— & 0HER2, DACRE - checking the pi data - [06/12 14:12:29]
no problem

BRE=SOES - HW on - [06/12 14:12:35]

BIARFDA - RFWF on - (after stability check)

links: three trends, rf stability
and rf flat region margin

[
environment

rf reference distribution file: phase drift compensation file:

of stability file: " " tf flat region margin file: '

Figure 4: Autorﬁatidally generated report of RF start-up. It
can be checkd on the web from the JLAN network.
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HEHEPRE OV R EMEEN S I 1.23 MHz, 15 456 ns O
AW el EZ2 L Tw b, B4, EIyTOE — L4
N —DFEERLE — LB I, V=7 v 7 TFig.5D
(b) % (¢) D & I I IZFFET 213 o O

- 1032 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

ADWBK O EMATENL) B —2%2MET 25 2
LB D, DL IO — LEIEE BB X HiE L EA
TW3, 2o EMEIEEZ AT 2 &, HHOMEE
12 &S THELTH 5 E— LG DOV ANZEDS,
WEROLEE2EH L CELIE, BHFEOE— L AfM
A IR O BRI EE & i 72§ 2 & 2SRRI Ff -
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(a) standard two bunches

TuATTTTTT

(b) example of thinnings: pattern 1

(c) example of thinnings: pattern 2

riee rire

Figure 5: Intermediate-pulses (a) without thinnings and (b)(c)
with thinnings, respectively.
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AR Y R 7 oM 07 74 A ba vy iy —
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MG &%t L7 € — LAl s A 7 A 2% L 7%,
Figure 6 (A D € — LA EAfAHE (7). HhE SOV R ISHE
FL%H NNt G S RA S E R S S =

B AE ) oMK O K2R d, M5l iR
Vttt LAmE I, V7 b 7 EPICS L
aA—FDE»SHFIENH D54 v 7 LiE%EGAR
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EfiEZ 01 LT, 5] E I In X &7,

ZOBF L 25 G0 ¥ — s AfEES 2T A
IZBI L T, Fig. 5(b) % (c) DIFI & 8% —v Tt — o5
BirEfL7, 20LE, E—LAMHEOT— L%

current beam loading compensation

(a) standard two bunches

(b) example of thinnings: pattern 1
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beam loading compensation
corresponding to intermediate-pulse

(a) standard two bunches
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(b) example of thinnings: pattern 1
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B BRI TR R i TH D T L 2L
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M5 &I & 2 e — o 0 E OB L2 I 3 2 65
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Figure 7: RF waveforms to utilize the beam loading compen-
sations (black lines) of the present system and (red lines) cor-
responding to thinnings on the thinning pattern 1.

beam loading compensation
corresponding to thinnings

(a) standard two bunches

(b) example of thinnings: pattern 1

14 2 14 2 14
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(c) example of thinnings: pattern 2

14 2 14 A 14

(c) example of thinnings: pattern 2

¥ (- (]

(c) example of thinnings: pattern 2

14 2 14 A 14 2
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Figure 6: Comparison among various beam loading compensations (FF_BEAM).
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SDTL09: pickup amplitude(vector sum)
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Figure 8: RF waveforms to utilize the beam loading compen-
sations (black lines) of the present system and (red lines) cor-
responding to thinnings on the thinning pattern 2.
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(a) Scraper downstream
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(b) Chopper downstream, Scraper upstream BPM04 @MEBT1
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Figure 9: BPM signals of scraper (a) downstream and (b) up-
stream, respectively.
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