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J-PARC & J-PARC LINAC e D

@J-PARC

J-PARC Linac

Particles: H- (negative hydrogen)
« Kinetic Energy: 400 MeV
« Peak Current: 50 mA
« Acceleration Frequency: 324 MHz (24) + 972 MHz (25)
« Pulse Width: 500 ps (Beam), 650 us (RF)
« Repetition: 25Hz

IS: H- Ion Source

RFQ: Radio Frequency Quadrupole Linac

DTL: Orift Tube Linac (3 cavity modules)

SOTL: Separate-type Drift Tube Linac (16 cavity modules)
ACS: Annual Coupled Structure Linac (21 cavity modules)

972 MHz ——

50keV 3 MeV 50 MeV 190.8 MeV 400 MeV
\L LL3BT [|Debuncher?

3 GeV Rapid Cycling

- B 30 GeV Main Ring gl
400 MeV LINAC Sy"f:gg';m" §  Synchrotron = «—— 324 MHz

(330 m) (MR)

to RCS

*x

N RFOL U DTL SDTL . | ECS
IS D—324 MQZD 324MHz || 324 MHz 972 MHz
30m  3m 27.1m 91.2m 15.1m 109.3 m Debuncherl

Digital Feedback & Feedfoward (DFB&FF) system based on cPCI

Development: =-early-200051999~,
Start of J-PARC Linac operation: Oct. 2006 Required Gradient Stability : +1% in whtude *1 deg. in phase
Start of J-PARC user operation: Dec. 2008 >N 1-0..%’ n whtu.n’s £0.3 m i M‘ w o

-> Beam Loading Compensation System :@: +0.3% in amplitude, *0.3 deg. in phase
-> Reference Distribution System : +0.3 deg. in phase

5 ~330 m

h'2
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DFB&FF System @J-PARC LINAC i re il

Previous System:
cPCI boards for DFB/DFF

v
v
v
v

FPGA board: discontinued
DSP board: discontinued
CPU board: discontinued
RF&CLK board: discontinued

development environment

v
v
v

v
>

FPGA: Xilinx ISE Ver 6.2i

DSP: TI Code Composer Studio Ver 2.1
host program: Redhat 8.0 gcc compiler

Ver 3.2

application: python 2.4/wxPython 2.6

We cannot keep the development
environment.

We gave up on updating the FPGA logic

modification.

Sl

digitizer box (MEDS):
A/D-D/A signal processing MTCA.4 based AMC

board
v' platform: MTCA.4 AMC

v' FPGA: Zynq XC7Z045-1FFG900C, QSPI FLASH-ROM 16MB,

SD-card Remote Update

RAM: DDR3-SDRAM 1GBX2 (PL, PS)

0S: Xilinx Linux (EPICS-IOC)

ADC: 8ch 16bit 370MSPS(max.), BW: 800MHz
DAC: 2ch 16bit 500MSPS

SFP: 2ports

ANENENENEN

MTCA.4 based RTM board:
v" clock generation (120 MHz, 240 MHz)
v" level conversion

cPCI analog module =‘f

MTCA.4 w RF backplane (MEDS):

« AMC: A/D-D/A signal processing
—> same as the digitizer box

« MRTM: 8-ch down-converter, IQ modulator
« eRTM: clock generator (312 MHz, 324 MHz,
120 MHz, 240 MHz, 12 MHz), distribution

—> manufactured by CANDOX

no communication between boards




Cavity & RF Status @J-PARC LINAC (")"ﬁf e

@J-PARC
I 2021 Summer Shutdown @ MEBT1 " 2024 Summer Shutdown @ RFQ I May 2020 @ SDTLO2 Jan. 2020 @ SDTL12

1 | I
3|24-1‘|’IH3 statioph > 072-MHz station >
l pTCA4 based DFB&FF

RF refe]en: [] T o B @8 @B @B @B 0

signal
Prpmp——— p——— S———— v pEp—— p———

- digitize box DFB&FF Lo [

cPCI based DFB&FF

IS
Buncherl
Chopper
Buncher2
DTL1
DTL2
DTL3
SDTLO01
SDTLO02
SDTLO03
SDTLO04
SDTLO0S
SDTLO06
SDTLO07
SDTLO0S
SDTLO09
SDTL10
SDTL11
SDTL12
SDTL13
SDTL14
SDTL1S
SDTL16
Buncherl
Buncher2
ACS01
ACS02
ACS03
ACS04
ACS05
ACS06
ACS07
ACS0S8
ACS0Y9
ACS10
ACS11
ACS12
ACS13
ACS14
ACS15
ACS16
ACS17
ACS18
ACS19
ACS20
ACS21

Debuncherl
Debuncher2

I
1
I

MEBT1 MEBT2 L3BT
#comp onents LLRF(DFB and DFF) RF source cavity station

324MHzZ |:| S(LTCA.4) . 19(digitizer box) v 20(Kklystron) \ 4 4(5SA) D 24

972 MHz | 2s(cPCI) ¥ 25(Klystron) []2s

2021 Summer Shutdown @ RFQ, DTL1-2 2020 Summer Shutdown @ DTL3, SDTL01-16
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DFB&FF System Using Digitizer Box«, gy

new digitizer I
12MHz to FPGA FE luble  FF I twble I use of cPCI analog boards
el . — I due to budget constraints cavity
- — a-b e —
b o] — — |
IF: 1OMH T T P_F\ 1| — rotation I 1{
: z — i — matrix
g ADC —q QL— & — (:”g) 324MHz down converter £ Y
— — - J 2 — “ _ [b_a] I [Q-modulator g
IF: 12MHz I 11— - + I o el &
3 > ADC — — _ ystron  circulator cavity
Q Q——\ L | | [lgain] 1 DAC I EI_
|| | | 1Q X
IF: 12MH ] 1 4EE I modulator 1{ )
. z - 1 — [ | Igain
55 s— ADC —o[ ol = I 0| e Q—DAC -
- __—‘_\ . D | 4
PR Lg ’7_ “ | ’ 324 MHz RF&CLK %
UL e 3 - LA
s S Ll ADC Q Q__\ : I . \r-\)/
o - = — R Gz |l ey | miveo
[lbba] Q_set_table — - ) ity < 4SQMJ/H
monitor — calibration - = — —\ .‘. c:é;’{‘_u vd 776
324 MHzi— ADC TR s p p P I::I
under sampling by 240MHz CLK .:‘ cavity 312MHz N
pick-up
- O/E
||7 I_\I é‘— monitor
: , digitizer box <=
ADC input signals gngHL
ADC1,2(mixer(IF:12 MHz) + IQ samp1ing(240 MHz CLK)): cavity pickups —> for feedback
ADC3,4(mixer + IQ sampling): cavity input (Pf)
ADC5(direct sampling(240MHz CLK)): klystron drive amplifier input —> for drive amplifier gain calculation
ADC6(direct sampling): klystron input (drive amplifier output) —> for drive amplifier/klystron gain calculation
ADC7(direct sampling): drive amplifier output —> for klystron gain calculation

ADC8(direct sampling): neighbor cavity pickup (ex. upstream cavity) —> for phase drift check

-TTTT
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DFB&FF System Using MTCA.4 Shelf.

rotation

-TTTT

ix AMC board : :
n;;grl;] (ADC, DAC, FPGA) MTCA.4 shelf W 11 be 1 psta] 1 e(j on the
ba PR, 1tble  FF,, 1 ible MEBT1 rack with local air conditioner.
. ADC T T—'LE:\ I_set_table ; ;
" R | = — —
— — LPF S— “’ta[“fm S.S. Amplifier cavity
—_— matrix
IE: 1OMiggl ADC — I 1 —E ] z [Pgain] E (arrak})/) El—) 1Q
8 S_E g b — [a- modulator
=y LEE g be b W W
ADC — I I _E ] o P
Q—— Q] L [1gain] I URTM board g
|| | DAC Z
— —_L& (1Q modulator, 2
I I/ down-converter)
ADC —1Q Q — [Igain] Q DAC fr\)
N 324 MHz \_/
— — LPF " Q ADC/DAC
[ S by Clock e
ADC — a > — [a_ (240MHz) N et QO
Q |} c —|'bal Frcaciocy ALY 240 MHz N
— — | PF el [Pgain] —— |rotation (120MHz) — cavity fr\}
] ] — matrix  Reference pick-up 120MHz
ADC — I 1 | =— (array) (12MHz) — cavity @
Q Q| f— f— tnput 12 MHz Ele]i 12 MHz NIM
— — LPF Q set table | —— — — 38 Amp. y 112 MHs Lo
ADC I 1 — — y sps Amp. 312 MHz ~N
| FF,,.._ Q_table FF,,,, Q_table (X)
3 gﬂ S Ogggﬁbour
__ — LPF cavity
ADC — CI?—D e
A\
— — EE% eRTM board
% P P (clock generator)

ex) ADC input signals, Buncher1 @MEBT1

ADC1,2(mixer(IF:12 MHz) + IQ samp1ing(240 MHz CLK)): cavity pickups

— for feedback

ADC3(mixer + IQ sampling): cavity input (Pf)

ADC4(mixer + IQ sampling): SSA input —> for SSA gain calculation
ADC5(mixer + IQ sampling): SSA output —> for SSA gain calculation
ADC6(mixer + IQ sampling): cavity input coupler (Pb)

ADC7(mixer + IQ sampling): Buncher2 pickup —> for phase drift check/compensation
ADC8(mixer + IQ sampling): RFQ pickup — for phase drift check/compensation



Performance of MRTM, eRTM Boards

Performance of eRTM, MRTM for J-PARC LINAC LLRF
v" phase noise of eRTM
v' harmonics of IF outputs of MRTM
v_ cross—talk of MRTM

phase noise of eRTM

Sional Frequency 323.999987 Mtz RGW 0% ency 311.999988 MHz  RBW 0%

Signal Level B XCORR Fac 100 263dBm  XCORR Factor 100

A R ~dgs 0B Meas Time  ~d6s
1 Noise Spectrur ©1Avg BN Smth 1% Spur 6d5 @2Ava PN Spur 6d8 ©3CIn ©1/vg PN Smth 1% Spur 606 @2Avg PN Spur
- W T 0 T T e R

110 -
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Frequency Offset

ements
Start Offset | Stop Offset |  Weighting | IntNoise | M set | Stop Offset |  Weighting | IntNoise | PM | FM/AM
1 1 10,000 Hz 1.000 MHz -79.28 dBc me/153.71 rad 16 10.000Hz  1.000 Mrz 7980 dBc 829 m°/144.68 urad 17,466 Hz 73.801 fs
2 1 10.000Hz 10,000 MHz -78.59 cBc 9.53 mP/166.41 drad 306738 Hz 3 2 10.000 Hz 10000 MHz 7867 dBc___ 923 m°/161.0d urad 342710 Hz 82,151 f
T Reody  NANNNRRR S

[oc[)
—e— LO (312MHz)
lN?mci:tmu o7 T S1/vg PN Srih 15 Sper 608 824w PN Spur 605 @3¢ oy “ I T __________ - rr (324MHZ)
r \r\WV'~ 1 47 (c‘ i2] _ L
BRhi et abosall 000 A--- ADC CLK (2‘f_0MHZ)

cPCI ADC Clock (48 MHz)

0
[
S
|
T

[fs]

cPCI LO (312 MHz)

I
(=)
S

cPCI RF (324 MHz)

[\
(=]
(=]

phase noise jitter (10H:
3
S

ffset I
Hz 1.000 MHz - 13 dBc 4.33 m°/75.66 prad 14.710 Hz E il
1 10,000 H2 10,000 MHz R c 5,89 m°/102.81 rad 380,326 Hz 68, 0

45 40 35 30533 podlr [dBm10 5 0 S

RF/LO phase noise: almost same as that cPCI RF&CLK board
ADC Clock phase noise: greatly improved
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harmonics

of IF outputs of MRTM

-65

1.4# PR
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N
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harmonics [dBc]
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chl ch2 ch3 ch4 ch5 ch6 ch7 ch8

—o—2nd harm. s/n:200001 —o— 2nd harm. s/n:200002

—o—2nd harm. s/n:200003 —@—2nd harm. s/n:200004

-~ 3rd harm. s/n:200001 ~M- 3rd harm. s/n:200002

M- 3rd harm. s/n:200003 ®- 3rd harm. s/n:200004

-70dB8~0.

031%: Neglective on our system

cross-talk

-60

65 |
70+
-75
-80
85 |
90 |
-95

cross-talk [dB]

-100
-105

-110

<-T2d8

chl ch2 ch3 ch4 chS ch6 ch7 ch8

—-chl input -#-ch2 input - ch3 input - ch4 input
A ch5 input X ch6 input #-ch7 input —-ch8 input

-72dB~0.025%: Neglective on our system
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Stability of Amplitude

amplitude and phase stability
@MEBT1 Buncher1

amplitude [a.u.]

phase [deg.]

18000:
16000; / >>>>>>>>>>>>>>>>>>>>> -]
14000; / — Lesso
12000} / E. 16560/
- S 165401
10000 | 2 1o ¢ 0.1%
80001 £ 16500 N A A
C 16480/
6000: 16460
4000 ( a)j 16440/
2000: 164200250 300 350 400 450 500 550 600
[l time [psec]
P P s o S S I BRI
00 100 200 300 400 500 600 700
time [usec]
350
H — 305
H £ 304f
300; % 303
250i E} ngf 0.1 deg.
2000 299F
H 208/
H 207}
150: 29.6/
100 H 29500 250 300 350 400 450 500 550 600 .
H (b) time [usec] )
50 -
-
00 100 200 300 400 500 600 700

time [usec]

performance ~+/-0.1% in amplitude,

~+/-0.1 deg. in phase

humidity dependence test
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temperature dependence test

100 32 100

and Phase

32\

) R 3) —temperature (const. temp. & humi. chamber)
e 30 . 180 — @30 —humidity (const. temp. & humi. chamber) 80
g Humidity: 10% = 55 % 3
=08 160 > =28 L 1 60
: | 5 & —
g 2 ——temperature (const. temp. & humi. chamber) | ]| 40 g g 2 l 14
%24 —humidity (const. temp. & humi. chamber) 1920 = %24 temperature: 23~31°C 1 20
8 ale] n 8 ale] n
4.0 4.0
50 | [ —ADCT —aADC2 -
—ADC3 ADC4
i —ADC5  —ADC6 i
S, 10 —ADC7 —ADCS <, 1.0
£ 00 £ 00
3 3
% -1.0 % -1.0 —ADCI —ADC2
£ 20 £ 50 —ADC3 ADC4
—ADCS5 —ADC6
-3.0 . 30 r -
i phase drift: > 2 deg. o phase drift: ~0.42 deg./°C
1.0 1.0
— 08 -] —ADCl  —ADC2 — 98 || amplitude variation: ~0.05 %/°C
§ 0.6 —ADC3 ADC4 § 0.6
= 04 —ADC5  ——ADC6 g 04
T 0.2 T 0.2
= = 0 VAL )
g 0.0 g 0.0 ‘ el :
g 02 802
ED ED —ADCI  —ADC2
| - . - —ADC3 ADC4
£ 06 amplitude variation: < 0.2 % (max.) f°¢ —ADC5  —ADC6
08 | 08 —ADC7  —ADCS
-1.0 -1.0
6/8 14:24 6/10 0:00 6/11 9:36 6/12 19:12 6/14 4:48 6/14 6:00 6/14 10:48 6/14 15:36 6/14 20:24 6/15 1:12 6/15 6:00 6/15 10:48 6/15 15:36
date & time date & time

humidity [%]

The substrate material (Ro4003C) was tested and sorted in advance, but good results
were not obtained as a humidity characteristic test.



Beam Loading Compensation System
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Obtained transfer funct1on at SOTLO1

= 1t |
s
i .
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frequency [MHz]

for standard two bunches

intermediate pulse beam 1oading compensation

=3
U\
T

(a) standard two bunches 0.815ns (a) conventional rectangular structure

———

phase

z

(b) adapted to the intermediate pulse structure

phage [degreg]
£
—

I\'N'" [ ‘ ! |

(b) thinning pattern 1: fffefffc

= 8
"
e

@SDTLO2

6
frequency [MHz]

adapted to intermediate pulse adapted to thinning structure @SDTLO01

—16600
=

5 16580
© 16560

amplitude

— iteration: 10

| — iteration: 1000

iteration: 2000

-c 0N
£16540

| — iteration: 3000

16440 \
16420 —rsoromeen +0.23% 16 S DS U
1640?_.‘.‘ 11 PR VI 111 I T T T T 'Y
00 250 300 350 400 W50 500 550 600 650
. . |usec]
intermediate pulse
— 30.2 frequency component (1.23 MHz) o 1o
< 30.15 phase // | — iteration: 1000
2 301; iteration: 2000
2. 30.05 f— wve| = iteration: 3000
30§
29.95F
29.9F
20.85F- +0. 036 deg.
29‘§_IAIA L ..I“ ||||1|A|1|A|A|||||1
00 350 300 350 400 450 500 550 600 650

time [usec]

@S0TLO9

SDTL09: vector sum amplitude

STLO01: vector sum: amplitude

— =
::16600: E 16300 £ Jl
& E =
5165503 9% ‘;‘ 162{“); TS VO 00 SO T BT AL OO |
g £ macro pulse (100 ps) = 16100E
= 16500 < > = S0 \ades iny
E Ly ooy - | = 16000 F . =
e VAN AR NN e T I e TR At comsentonai rctang
16400 _w Ok e JW..... w WW w WWW E = —1.U /0 1 LA | LI B B adapted to
F 15800 =V the thinning structure
16350 E - P S I R
° E 200 250 300 350 400 450 500 550 600
163000 T a0 360 380 400 420 440 460 time [p.S]
time [ps]
SDTLO09: vector sum phase —_— = STLO1: vector sum: phase
= 166F Y 25¢
E Q =
S 2
2 166.65 1fleg =] = a
B 16655 @ 235F T M
E ¥ =] 23N A MENLALNY Ny ' VR IR e e W et
167F o = »
167.2 G A"‘r\‘.‘ d’“"’«l\*'w"’,'w"‘"iwf Fir P 22.5 = + - TR
e TP M | 1E 0.degc
167.4F i ; = b ) adapted t_o
167.6F — current FF_BEAM 215V — T i __the thinning structure
167.8; new FF_BEAM_chop 200 250 300 350 400 450 500 5.5(]. 600
0 30 e m0 400 420 440 40 time [p.S]
time [ps]



Cavity & RF Status @2025

I 2021 Summer Shutdown @ MEBT1 " 2021 Summer Shutdown @ RFQ I

May 2020 @ SDTLO2 Jan. 2020 @ SDTL1
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072-MHz station
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l pTCA4 based DFB&FF

RF referenc
signal

B & [l

5§

- g s am  f f a v v "

IS
Buncherl
Chopper
Buncher2
DTL1
DTL2
DTL3
SDTLO1
SDTLO2

I

MEBT1

— digitize box DFB&FF

SDTLO03
SDTLO04
SDTLOS
SDTLO6
SDTLO07

SDTLOS

SDTLO09

SDTL10

SDTL11

SDTL12
SDTL13
SDTL14
SDTL1S
SDTL16
Buncherl
Buncher2
ACS01
ACS02
ACS03
ACS04
ACS05
ACS06
ACS07

I

MEBT2

ACS08
ACS09

ACS10
ACS11
ACS12
ACS13
ACS14
ACS15
ACS16
ACS17

ACS18

cPCI based DFB&FF

ACS19
ACS20
ACS21

Debuncherl
Debuncher2

l

L3BT

#comp onents

LLRF(DFB and DFF)

RT source

cavity station

324 MHz

[ s(utca.4) [ 19aigitizer vox)

V 20(kiystron) V¥ 4(SsA)

[]24

972 MHz

| 2s(cPCI)

v 25(Kklystron)

[]2s

2021 Summer Shutdown @ RFQ, DTL1-2

2020 Summer Shutdown @ DTL3, SDTL01-16
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We are purchasing items this fiscal year in preparation for next year’s upgrade.

324-MHz station 972-MHz station
'

[] [] [] [] ] [ & i ] ]

RF reference
signal

pTCA4 based DFB&FF ! ] i

one eRTM,
one shelf,--- w .

| | | 1 | | |
four MRTMs&AMCs s 4 N7 v s 4

cPCI based DFB&FF

IS
Buncherl
Chopper
Buncher2
DTL1
DTL2
DTL3
SDTLO01
SDTLO02
SDTLO03
SDTLO04
SDTLO0S
SDTLO06
SDTLO07
SDTLO0S
SDTLO09
SDTL10
SDTL11
SDTL12
SDTL13
SDTL14
SDTL1S
SDTL16
Buncherl
Buncher2
ACS01
ACS02
ACS03
ACS04
ACS05
ACS06
ACS07
ACS0S8
ACS0Y9
ACS10
ACS11
ACS12
ACS13
ACS14
ACS15
ACS16
ACS17
ACS18
ACS19
ACS20
ACS21

Debuncherl
Debuncher2

I
1
1

MEBT1 MEBT2 L3BT
#comp onents LLRF(DFB and DFF) RF source cavity station

324 MHz []24uTCcA.9) [] ocaigitizer box) | ¥ 20(kiystron) ¥ 4(SSA) []24

972 MHz |2s(cPcy) V¥ 25(klystron) []2s
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Logic Test @972 MHz S KEK J\&

We “temporarily” 1installed a digitizer box in the ACS21 station and conducted logic tests.
v wo Beam
« parameter adjustment program (IQ offset, ADC/DAC rotation)
« transfer function measurement
v w Beam
« Beam loading compensation system

Results of Beam Loading Compensation

for standard two bunchers adapted to intermediate pulse adapted to thinning structure
ACS21: vector sum (beam: no-thin): amplitude ACS21: vector sum (beam: fifcfffc); amplitude ACS21: vector sum (beam: fffcfffc): amplitude
'; 1720“ E f Lo} 1681()'('.‘ = -1 T .1 T ? 16800 ; | El 1 W]
2 1ok / 2 6ok L . . o0k I
8 2 | = 3 { ‘ = g ! L
g 16800 | 3 16600 - ikl Ly g 16600 7 1 T |
16600 . = H I'. i \‘ ST AL) 1 .II - _wmm"_ ¥ b .. . - e i
§ 164““;\/ ' : é lﬁsmw 0 o 1 I|'nI i I|H| "MI T é mstmg : =
'_ﬂ'.. 16200 ; )_k L E‘ 16400 3 A il ‘ i “l 111 - |||i|i| I | ||‘ ——— conventional rectangular I E 16400 = A ! I conventional rectangular
E 16000 ; 1.0 0 ‘r no FF_BEAM E 16300 ;4@ 1.0 0 s T | L ! i......| 1 adapted to . E 16300 ;4$ 1.0 0 2 ... adapted to
« 15800 ; R R e | —— FF_BEAM adjustment w 16200 E — p— S S— T the intermediate pulse structure | = 16200 E — — p— R " the thinning structure
300 320 340 360 380 400 420 300 320 340 360 380 400 20 300 320 340 360 380 400 420
time [ps] time [|1s] time [ps]
46 ACS21: vector sum (beam: no-thin): phase 165 ACS21: vector sum (beam: fffcfffc): phase 465 ACS21; vector sum (beam; fffcfffc); phase
= o - o0 - ]
) 46 3 ) 46 F i 5] 46F
= " B e oo ) B ek 1 SO { O O |
| T = g " : = ety o
= B 445 ; N\ i I L | —— conventional rectangular B aas ; /N q"u w w WU conventional rectangular
no FF_BEAM 415-d,-1.0-des. adapted to : 4 1:0 deg: laped o
—— FF_BEAM adjustment é Y 5 " the intermediate pulse structure = Y 5 T the thinning structure
380 200 220 Bl 3 0 30 380 300 220 Ble 3w 30 360 380 300 220
time [ps] time [ps] time [ps]

Excluding detailed adjustments, we confirmed that the logic worked without any issues.
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Hardware Development @972 MHz  «, kek -

The eRTM and MRTM boards for the 972 MHz system are currently under development.
The prototypes have already been manufactured, and performance test is in progress.

eRTM w LTC6954: 972MHz 4 & AD8302§FliR—F D RE E&REH

Loop Design®) {0 972MHzIE. FB% TIX &R BICFIHERY ThDEEA -ﬁfiﬂ‘zm& BB EERAFIE
i T TES, HEYBREHZIYAIZELAS, LTC6950
EERT HEIFARD ? s

|| I |

A)yb: VCORMPLLA7 A&
SYNCAILTC6954& 2771t

Phase Monitor Output [V]

Phase Monitor Output [V]
; =
& :

12MHzA 4 B AT §E(CMOS, LVDS) .
Ihe F—N—ZARYH? CMOS or LVDS 1 mV=0.1 deg.
1.817 181
1 1 18:00 21 1 1 18 1 1 824 0:( 41 825 12:00 1 7 0:00 1
D: Dat
- — 1706950 f = f:"; . 4 80 34
Z [] P ey ol " i 70 2
- \ o | mmmemy ey e Rseme 60 Q T
2n - J i < 30 &
[rees ! \ ' % ]
= Elg el | f f L ;
...... . On . =) z 40 3
7 é.‘.(\ 5
»e . III/ 4 —— Temperature [deg.C] ; 5 24 | —— Temperature [deg.C] =

—=— Humidity [%] 10 22 —=— Humidity [%] 10

- 12:00 15:00 18:00 21:00 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 ?:13 12:00 8/240:00 824 12:00 8/250:00 8/2512:00 87260:00 8/2612:00 8/270:00 827 12:00
= Date Date
------ ) -" 12MHz output > |l = P 2 B == = e Ly,
ADS8302DAIFEEDEEN F/INEL(<0.1 deg.), BIEEIFIEFETES, — FBIZEAATHE

Feature of 972-MHz DFB&FF prototype system:
The eRTM prototype board implements a phase drift compensation function using the phase
detector AD8302. Both the AD8302 and the frequency divider LTC6954/LTC6950 have been
tested using evaluation boards.
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v" We have been developed and operated the cPCl-based DFB&FF system. It is currently being
replaced by the MTCA.4-based system, which provides improved performance.

O Present Status:
« MTCAA4: MEBT 1(buncher x2, chopper x2), RFQ
« digitizer box: DTL(3), SDTL(16)
 cPCIL: 972-MHz(25)

O 2025 (plan):
« MTCA.4: 324 MHz(24=6 sets)
 cPCIL: 972 MHz(25)

v" We are confident that updating the digital system of the 972-MHz stations will significantly
improve the beam quality.

v" Preparations for the 972 MHz DFB&FF system are also in progress, and replacement to the new
system will be implemented sequentially, if the budget allows.
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