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o -l 3GeV-RCS in J-PARC

Parameters >
section 5y
Circumference 348.333 m ‘Beam
Superperiodicity 3 Collimator
Harmonic number 2 H- from : Injection Extraction
LINAC =29 section section _
F., 0.61-0.84 MHz ' "
F. 1.23-1.67 MHz MR&MLF
Injection energy 400 MeV 3arc a‘

) section
Extraction energy 3 GeV

Repetition rate 25 Hz

Particles per pulse  8.3e13 with 1 MW , 2 arc
~ RF section section

Output beam 0.8 MW o

power (1 MW)
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en” Time structure of accelerator operation
o MLF (Neutron Target)

40 ms (25 Hz)

Hadron

B MLF and MR can be
simultaneously
operated.

Therefore, all pulses are
NOT delivered to MLF!
(Actual beam power is

Macro bunch

- 0.81 ps (1.2 MH
ps (1.2 MHg)

TR

Intermediate bunch

Intermediate bunch

| Energy  14s 0~29s 09s <1 MW for MLF)
Extraction A p 5
_ 38 / ,L 30 GeV Acceleration Fall time of B However, Hadron
£ rpce L eime  of magnetic field Facility and Neutrino
= 25 . . 0 2 S T
2.l magnetic field - Facility cannot be
S st RES cycle simultaneously
(]
5 .1 (40msec=25Hz) 3GeV . &F:Late‘:- et th
= - as to select the
o 1 1 1 1 1 1 MR C’y’C|E T|mE )
o [0 @®» ® @© = @ @ operation mode (FX
Injection i for Neutrino, or SX
for Hadron) 6
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J-PARC 1 MW trial

2.00E+020 ‘

I 1 MW trial I I :
1.80E+020 f- - - / --------- 700 kW-for MLF- -~ - -800-kW |

I ' 510 kW for NU ' for MLF
1.60E+020 - - - i i 645 kW for HD F00KW-- ="

I l I | for MLF
14OE+020 ““““““ :‘GOO‘RW 'FC_)I::—M L‘F- 1-_--% ——————————— :=<—-->

1.20E+020 |500 kW. - - 164.5 kW for. HD
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Yellow '\Maintenance (All day)

Operation schedule an

Brown : Maintenance (half day)

d statistics of JFY2021

MR operation mode
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un#86(Cont) |\ 2021: Accelerator Operation Schedule e October FX : Neutrino 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
————~2—o—4 5% 7 8 9 10 11 12 13 14 15 1§ 5 20 21 22 23 24 25 26 27 28 29 30 % .
_wCS SX : Hadron Purple : Accelerator
MLF e [ L s
o / startup/commissioning
1 1 1 1 1 \
SX SX SX SX SX SX __FX FX FX FX FX FX FX FX FX FX FX FX FX__| FX FX FX November J” 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2% 25 26 27 28 29 30
T 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 2 25 26 27 28 29 30 31 Li
.....
|| || 8GeV (T78 (6d) LF RCS 50'mA (1) 5d
2 nll!jll{llllm-ll MR i s
Run#87 = FRI
SX| _SX SX SX SX SX SX/S.SX SX SX SX ;_‘m December 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 : Li T T
RCS
MLF RCS 50 mA(l): 3.5d  RCS 60 mA: 3.5d
e Vo o i e MR 5
SX SX SX SX SX SX SX SX  SX SX SX SX SX SX SX SX SX SX SX SX SX  SX SX SX SX SX SX SX
x s s s T 3 a5 e ot o 2 B et e s I e 2o 20T Jalr-'liuary T 2 8 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Li RCS
RCS
MLF MLF 1 1 1 1) 1 1 1 1 1
MR MR Run#88 cont.
August 1T 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 FBIE_"-'”V 1.2/3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28
Li i
RCS RCS
v MR
MR B ? MR
September 1 2 3 4 5 6 7 8 810 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 March 1
Li Li
RCS RCS
MLF MLF
MR MR
Scheduled time [h] Net operation time [h] Availability [%]
MLF (Neutron) 3608 3480 96.5
Neutrino 371 347 93.5
Hadron 1016 952 93.7




1 MW operation condition and issue under
high temperature and humidity
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gg:: Beam loss@1MW

Beam current@1 MW

After 1 MW, 40 hr trial for MLF (27th Jun. 2020), Measurement after 5 hours from beam stop
600 kW user operation (24th Jun. 2020) , Measurement after 4 hours from beam stop
Dispersion Peak :550 pSv/h (400 uSv/h)

@30cm positon: 4.5 uSv/h (2 uSv/h)
\/\\H—*“‘ (p ‘“Hm;\i -

Lo . Dispersion Peak f“\)‘ —T— %”’\\' \\\-“\,\ _
After injection Extraction :360 pSv/h (250 pSv/h) S e
\ : J @30cm positon:6 pSv/h (3uSv/h) :g Extraction Branch: 15 pSv/h (14 pSv/h) ™"y N
e L . & @30cm positon:0.5 uSv/h (0.3 uSv/h) e ) ~. ‘
. i 1o o a I L1
§ 43 - There is no 3I<BM chamber :2000 pSv/h (1000 pSv/h)
a 6 1 . 'f' t I g@: Ocm positon:20 uSv/h (13 uSv/h)
sl | signiricant 10Ss :
5 1 . g :I[l)(?(')lfg\jgtgl;;; 1Sv/h) i_/}nd Sec. col. :20000 pSv/h (13000uSv/h) Dispersion Peak :360 pSv/h % \\
E) N In the curre nt @30cm position I\ G @30cm positon:830 uSv/h (330 uSv/h) @30cm pos'ton(flOSOLTSS\/’,:l} \ \
P ] H H 2120 pSv/h (60 pSv/h) 1st Sec. col. :1500 pSv/h (510 uSv/h) ' ' \,Vj
,‘%_‘U 2 ] g mon Itor SIg nal " @;’0:; (];(())siton:Zzg uSv/h (OOLLS\/h) (2 uSvih) i ‘
; ‘ 1 . " Ist Foil Chamber Dispersion Peak :70 uSv/h ;j \ \\
0 5 10 15 20 19000 uSvfh‘(T’OOO uSv/hy (50 pSv/h) \ \
Time (ms) I : @30cm positon:100 LSv/h (80 uSv/h) /
Beam loss monitor signals | ~"Resi
q Dispersion Peak :80 pSv/h (80 uSv/h) . 7 ‘/ RGSId ual dose
—_ Collimato | 1stAr | Extr. | 2"dArc|RF| 3“Arc | Inj [3N|Inj| k /;/ distribution
-E 2 € ~ dainp &Km\ -7 /\/
- . R =TT
Eﬂ i M PS th res |10|d BM chamber :200 uSv/h Dispersion Peak :60 iSv/h (55 puSv/h)
E 15| / 7 (@30cm positon: 10 puSv/h
c . .
o ] Black:after 1 MW continuous trial
" | Blue: after 600 kW user operation
= A N
@ \/\/\AM&MW\ faX .,
] > 4 - Enough small, acceptable beam loss
0 0 0 30 0 50 60 0 80 90
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te de, aélum tube -, g
o Cooling water issue (2020}

Trend of cooling water temperature in 1 MW trial 2020.
1MW 0.6 MW

,'i's' 45 o 1Ak y\ o > /
" cooling waterlt? b \Fature (return) | N After second
40 { - rwf/ : ; f | interlock, outside
RF Cavity ] temperature was
. "'\...‘J'W increasing.
Acceleration Gap 'G. .
1 Q
—~ cooling water temperature (supply) 4 L
g
3 ,} We cannot keep 1
g 0 £ , ;% MW and reduce to
g__ o f ’ "% 0.6 MW.
IS 25 3 ; %E\

N: 1

o

7\ *
20 S, L_,V_,V,U V,
dg\.\\ e _,;v ‘L;l)

Outside temperature

Final Amp. = ==

&

2020/6/25 0:00 2020/6/25 12:00 2020/6/26 0:00 2020/6/26 12:00 2020/6/27 0:00

Tetrode Vacuum Tubes Stop by the interlock Stop by the interlock
of Vacuum tube. of Vacuum tube.

To protect the vacuum tube, beam operation
was stopped by the interlock when the cooling

water temperature exceeds 47 degrees. i
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RCS RF system.



Heat exchanger Expansion tank

— = K \
e

Heat source
[ Secondary cooling water pump

Deoxygenation device

&)

Ion exchange

resin vessels (Magnets, RF cavities...)

Open type cooling tower  Primary cooling water pump
Schematic view of the RCS cooling water
system.

* The primary cooling water is separated from the
secondary cooling water by a heat exchanger.

* The secondary cooling water is cooled by an open-type
cooling tower installed outdoors.

+ Since the heat is removed by the vaporization of the
secondary cooling water itself, the performance of the
cooling water system deteriorates with rise in the outside
air temperature and humidity.
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Cooling water issue (2020)

Trend of cooling water temperature in 1 MW trial 2020.

cooling water, lfiéﬁt peratiire (return) ‘\\_\‘/
40 {

Temperature [ C]
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) 1MW 06MW

95 HIk LS Bg

After second
interlock, outside
temperature was

).

-\__.—"w increasing.
35

cooling water temperature (supply) 4 L

We cannot keep 1

% fi | , Xp MW and reduce to

N f % 0.6 MW.

t ! !
5 1 /’ X
p W

\v’;

2020/6/27 0:00

Fad
B

Outside temperature
15

2020/6/25 0:00 2020/6/25 12:00 2020/6/26 0:00 2020/6/26 12:00 2020/6/27 12:00

1 L)
Stop by the interlock Stop by the interlock
of Vacuum tube. of Vacuum tube.

2020/6/28 0:00

We could not continue the operation of the 1 MW beam

when the outside temperature was high
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<€ Investigation of the cooling water system performance

J-PARC
We analyzed the Thermal exchange efficiency
performance of the cooling T1in — T1out Differential between the return and
water system by thermal Dy = supply temp. of primary water was
exchange efficiency (I)h Tiin — Tsin normalized by the differential between
the return temp. of primary water and
T, input temp. of secondary water
n
(Prim. return) Sec. output
0.9 ;o :
& - Year_month_power
085
I - 16_06_180
0.8 | -17_06_150
T1oyt Toin Dy, - - 18_06_520
(Prim. Supply)  (Sec. input) 05 b - 19_06_540
E Sl ; ] -20_06_600
Heat exchang - . . . [ B o . ] - 20_06_900
—= . _icpansmn tank Deoxygenation device 0.7 . _mm".*;&%“. 2021 - ' 21_05—750

=

7/ lon exchange ~ Heat source 14 16 18 20 22 24 26
(Magnets, RF cavities...)

/‘ Secondary cooling water pump resin vessels

. : . wet-bulb temperature [°C]
Open type cooling tower ~ Primary cooling water pump

Degraded each year!
2022/10/18 ARW2022
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Primary and

~ secondary water
% flows alternately
= between the

_ Plates are
= layered plates.

T iy disassembled.

= eat exchanger |
Plates are layered

Cooling water and wet—valve

i . —
e B
o- L d
heat exchange unit § | T
in the summer B 2020%6 kwtﬁ“
shutdown peried 3 »| B o
2021. b oo BT
S : X
8 o 202244 F 830 kW
Secondary loop i 17 19 2 2 2s 2
was contaminated Wet-valve temp. ['C]
with sludge ! After cleaning, the cooling water
Removed it by the temperature had decreased by about 2° C
: . i ]
2022/10/18 chemical cleaning  €Ven though the power had increased!
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J-PARC

Finally, we tried 1 MW continuous operation June 24-26 2022.

70

—Stop by the interlock

1.00E+014

— Number of accelerated particles
of Vacuum tube. — Vacuum tube cooling water temperature
/ Outside temperature = °
60 \ 910 kWI g 0oE+013 £
3
— o
&) =
<, 50 r MT1~T11 H 6.00E+013 &
2 ™ et 600kW B
g 40 4.00E+013 8
(5 1 <
v o
30 F%‘\.\ |/ ™~ 2.00E+013 &
/*J T \\—\,\/v/ g
z
[ ]
20 0.00E+000
06/24 11:00 06/24 23:00 06/25 11:00 06/25 23:00
. Date R
Trend of cooling water and outside temperatures.
40 L | | b . *
—2022 12022, 1 MW Trial
Ave. (1990-2020)) | ! HE Temperature trend of
—35F--d T e .
O ! : } Mito city (~10 km from .
530____5____5____1___ Tokai-mura)
% | |
3 25 q— T R e Temperature of 25t
E) l l \/ was more than 35 °C! o
0r-=N~f--f--- This value is just mid-
s : ; summer!
5 10 15
2022/10/18 ARW2022

Operation started at 11:14 June 24, but stopped at
13:33 due to interlock of vacuum tube temperature.
We reduced the beam power to 800 kW and restarted
at 14:21, but the temperature of the vacuum tube
frequently rose to near the threshold. Therefore, we
had to stopped each time and wait cooling down.
However, the outside temperature was kept around
30°C and the cooling water temperature did not down
enough. We gave up 1 MW and ran at 800 kW until
morning.

8:30 in the morning of June 25, the temperature of
the vacuum tube rose to just before the threshold.
We Reduced 600 kW.

12:38, an failure occurred at RF #10. We could not
recover it immediately.

We tried to 800 kW in the evening(18:00), but at 800
kW and 700 kW, there were frequently an additional
loss during acceleration and the beam was stopped.
Finally we continued to operate at 600 kW until the
next morning.
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@ Additional system

EikEEICIZIFIFRA"

IR DR
F=2—F &Y

uA 4988256 W/K
LMTD 2.4658 °C

3110247 °C

[°C]

=Y
-

Temperature

(#1721m3/h
37.2°C>32°C|
o B3

1721 m3/h

123 MW

We considered reinforcement of the éooling water system
cost : ~several Oku-¥ (M$)
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—2022
e 20211

40 2020

—2019
—2018
—2017
—2016
35 2015
—2014
—2013
Ave. (1990-2020)
T

Date
Temperature trend of Mito city during 10 years

Temperature of this year is extraordinary!
We need this new cooling system only a few days
because we stop the operation at the end of June.

Not cost effective.
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* As a result of the 1 MW trial at J-PARC RCS, it was found that the performance of
the cooling water system deteriorated due to high outside temperature and humidity.

* An analysis of the thermal exchange efficiency revealed that it had been
deteriorating year by year.

* We cleaned the thermal exchanger unit during the 2021 summer maintenance period.
We confirmed the effect of the cleaning.

e Unfortunately, it turned out that the capacity of the cooling water system itself was
insufficient in the extremely hot and humid environment of Japan’s summer.

* The enhancement of the cooling water system seemed not cost-effective, thus it is
necessary to consider an operation plan with systematically reducing the power in
June.
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