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Talks related to J-PARC accelerator (%..

*The 1st day:

« J-PARC's accelerator construction, commissioning and operation

- 400MeV Linac, 3GeV-ring (H. Oguri, Y. Liu)

*The 2nd day:

Experience with machine protection system at J-PARC (N. Hayashi)
Experience with control tools at J-PARC (H. Takahashi)

Beam commissioning at the MLF target station (S. Meigo)

Recent progress in LLRF (K. Futatsukawa)

Experiences of klystron operation (Y. Fuwa)

Status of accelerating cavities (Y. Kondo)

Status of beam monitor for linac (K. Moriya)



J-PARC Accelerators

area : 65 ha

®eLinac

H- beam acceleration
Beam energy : 400 MeV
Beam current:

50 mA for user operation
60 mA for beam study
(peak current at linac exit)
Pulse length : < 0.5 ms
Repetition: 25 Hz

® Rapid Cycling
Synchrotron(RCS)

Charge-exchange injection H=-> H*
Beam energy :3 GeV

Injection into MR

Delivery to MLF

Beam supply to MLF with the beam
power of 740 kW (in 2021)

e Main Ring (MR)

- Beam energy :30 GeV
- Beam power:
510 kW (in 2021) to NU
64 kW (in 2021) to HD




Construction and operation history 7.

Year |Event

2002

2005

2006

2007

2008
2014

2015

2018

Linac bldg. construction start
MR bldg. construction start
RCS bldg. construction start

RCS bldg. is completed
Linac bldg. is completed

Beam commissioning start (Linac)

181 MeV acceleration is achieved at linac
MR bldg. is completed
3 GeV acceleration is achieved at RCS

30 GeV acceleration is achieved at MR
Linac upgrade (energy & intensity) plan is completed

« Single shot mode operation with a beam power equivalent to

1MW is achieved

« Continuous operation with a beam power equivalent to 1 MW

iS succeeded



Construction (linac)




Construction (RCS)
Jul-14, 2004 _‘ Augi23, 2005

- ;;"i nissioning start
"3 GeV is achieved




Construction (MR)

Oct-1, 2004 L

Dec-13] 2005

*May, 2008: K
Commissioning start
*Dec- 23, 2008:
30 GeV is achieved
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Linac upgrade (energy) £ pGerme

B To suppress the space-charge effect, which limits the obtainable beam power
at the RCS, the beam energy from the linac was increased from 181 MeV to
400 MeV by adding ACS cavities in 2014.

D HiSLorv gf the AC_S T | T T T T T T T T 1 T T

| | R

« In the end of 2010, the first mass-produced ACS module S | Einj_400 MeV E
was completed and its high-power test was performed.

» Only five of the 25 total modules could be tested before
the installation due to the huge earthquake in 2011.

* In Aug. 2013, installation to the beam line was started.
> It took one day to complete for one ACS cavity.

* In Nov. 2013, high-power conditioning was started.
> An average conditioning time is 149 hours.

E,,=181 MeV

Beam loss:
~30% -><1%

Beam intensity (x1013)
\

« In Dec. 2013, the beam commissioning was started.

- - :| ' I I I | | | L 1| | |
> 400 MeV was achieved in Jan. 2014. 0% 5 10 15 20

Time (ms)

Beam intensity at RCS

By increasing the injection
energy, the beam loss was
dramatically reduced.
(~30% -> <1%)




Linac upgrade (intensity) {8

« A front-end part (ion source & RFQ) was replaced for increasing peak beam
current from 30 mA to 50 mA in 2014.

I ] I ]
| lon source | | RFQ |
B To achieve 50 mA, we changed the type of ion W At the beginning of the J-PARC linac operation,
source from the arc-discharge to the RF- an RFQ with a design current of 30 mA was
discharge for source plasma production. used. To achieve 1 MW, we replaced the new

RFQ with a design current of 50 mA.

N TEETEF OO CIECSTS Ol | || = The major engineering change between the

Source Arc discharge RF discharge two is the design of the RF cavity structure.
plasma (LaBg filament) , (int. antenna), o
production  (Cs free) (Cs injection) « The RF cavity is installed

H- beam 20mA (user op) 60mA (user op) in a large vacuum vessel.

current 32mA (max) 72mA (max) It isddifficult to Oblt_?_in
good vacuum quality

Cont. op. ~1,000 hours 4,001 hours h £

i @20maA GE0mA because the surface area

is very large.

LaBs .,
filament .
* Vacuum-tight

cavity structure is
adopted. To this
end, we adopted
brazing for the

| Present-Is |[§ SRS R e At 9
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Operation status
(Linac, RCS)
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Accelerator status for one year (JFY2021)
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Linac beam intensity {8

60 2018 2020 = 2022
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2019 2021
50
— Oct. 2018 /
E Linac 50mA
.:. 40 Sep. 2014 operation start
o Dec. 2008 Linac intensity
S 39 | MLFuser upgrade
O operation
c start
3 20
o After upgrade
10
Before upgrade
o 1
20 25 30 35 40 45 50 75 80 90

Run Number

Operation history of the linac beam intensity

« In 2008, MLF user operation started with linac beam current of 5maA.

« In 2009, beam current was increased to 15mA and operated for about next five year.

« In 2014, after linac upgrade was completed, 30mA operation started.

« In 2018, 50mA (nominal) operation was started. 12




RCS beam power { g
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« In JFY2022, 800-kW beam is delivered to the MLF with >95 %6 availability.
13



Continuous operation with 1MW (linac) /%..

At the end of June 2020, we conducted continuous operation with 1MW for
about 40 h.

Time variation of output voltage Comparison of residual dose at
of each HVDC power supply 1-MW and 600-kW operation
2020/06/25 00:00 to 2020/06/27 13:00 250
1751 — < ACS (between QM)
105kV \>~
1025 I 2000
' £ —— : : = 3 B 600kW B 1MW
100.0 R
o) 0 1500
- (]
9.0 1MW operation
§
925 1 m
-
90.0 .c
75 o h s 'g 500
P No trip occurred k. | ‘
s”l — : N it = R S EESSS y ACSO1A ACS10A ACS21B
06/725-00'00 06/25 12:00 06/2é 00:00  06/2612:00 06/27V00'00 061271200
— LI_RFQ:HVDCO1:MON:CATHODE_VOLT — LI_S01:HVDC02:MON:CATHODE_VOLT LI_SOS:HVDCO03:MON:CATHODE_VOLT H H
LI_S09:HVDC04:MON:CATHODE_VOLT — LI_S13:HVDCOS:MON:CATHODE_VOLT — LI_MEBT2B1:HVDCO6:MON:CATHODE_VOLT Res I d u a I d Ose IS a | m OSt
LI_ACS01:HVDCO7:MON:CATHODE_VOLT LI_ACSOS:HVDCO8:MON:CATHODE_VOLT LI_ACS09:HVDCOS:MON: CATHODE_VOLT H
LI_ACS13:HVDC10:MON:CATHODE_VOLT LI_ACS17:HVDC11:MON:CATHODE_VOLT LI_ACS21:HVDC12:MON:CATHODE_VOLT proportlonal to the bea m power'

» No beam loss specific to 1-
MW operation was
observed.

Down time:
« HVDC power supply: 0 min

» Accelerating cavity: ~ 6 min
(This data is not shown on this slide) 14




Continuous operation with 1MW (RCS)

Beam currentat1 MW

Injection Extraction

Particles/pulse

0 5 1:0 15 20
Time (ms)
v No significant loss

L
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Comparison of residual dose at 1-MW
and 600-kW operation

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 uSv/h (400 uSv/h)
@30cm positon:4.5 puSv/h (2 pSv/h)
),(\H‘* oo !JF—M,N

o
Dispersion Peak ;3‘\/‘ o . N‘"‘x\’ T~
:360 puSv/h (250 uSv/h) 9‘* %“
@30cm positon:6 puSv/h (3uSv/h) /¢ Extraction Branch: 15 pSv/h (14 pSv/h) 0" ~_
. @30cm positon:0.5 pSv/h (0.3 uSv/h) N _”‘\M\”‘“—m.w
/ 57\ ﬁ/\/ omg ~
%BM chamber :2000 pSv/h (1000 pSv/h) %

%C?»Ocm positon:20 uSv/h (13 uSv/h)

HO dump entrance i/znd Sec. col. 120000 pSv/h (13000pSv/h)

. : y Dispersion Peak :360 uSv/h
:3100 pSv/h (2500 pSv/h) @30cm positon:850 pSv/h (350 pSv/h) P

(200 pSv/h)

@30cm position _ FARN
(@30cm positon:4.5 uSv/h }
¥/
»*

1120 pSv/h (60 pSvih) \X% I'st Sec. col. :1500 puSv/h (510 uSv/h)

¥ R (2 uSv/h)
5? @30cm positon:220 uSv/h (60 uSv/h)

Dispersion Peak :70 uSv/h

(50 uSv/h) ’f

Ist Foil Chamber
19000 pSv/h (7000 pSv/h)
(@30cm positon: 100 pSv/h (80 uSv/h)

' Dispersion Peak :80 uSv/h (80 uSv/h) ’ /

i f"’-\»fww e -

BM chambef :200 pSv/h Dispersion Peak :60 uSv/h (55 puSv/h)
‘ | @30cm positon:10 puSv/h

 Residual dose is almost proportional to the beam power.
> No beam loss specific to 1-MW operation was observed as well as linac. 15
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Summary § g e

« Beam commissioning of the J-PARC accelerator started in 2006
(linac).

« In JFY2021, the accelerator provided beams of up to 740 kW to
MLF, 510 kW to Nu, and 64 kW to HD, respectively.

« In JFY2021, the availability of the accelerator achieved 96% for
MLF and 93% for NU and HD.

« In JFY2022, the MLF beam power is increased to 800 kW for user
operation.

« Continuous operation with a beam power equivalent to 1 MW was
conducted, and it was confirmed that there were no critical issues
in both linac and RCS, such as a significant increase in beam loss
or an increase in the trip rate of the accelerator components.

17
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Thank you for your attention!

18
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Buck up slide

19



Layout of linac components § g e

« The J-PARC linac consists of an ion source and four types of accelerating
cavities (RFQ, DTL, SDTL and ACS), and is installed in an accelerator tunnel
approximately 13 meters underground.

« The RFQ, DTL and SDTL are driven by 324-MHz klystrons, and the ACS is
driven by 972-MHz klystrons. These klystrons are installed in a 330-m-long
room called the klystron gallery at ground level.

50keV  3MeV  50MeV 191MeV 400MeV RCS W/ %
tunnel
DTL H spbTL o  ACS > J
to RCS j
l
I
1
1
4T ]
it
!
IS RFQ | LINAC tunnel (330m) /
B s < res ;ﬂ“‘“ T ey . e . . y v~ -—

| Beam Dump

20



Layout of RCS components
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« We have chosen the lattice with three-folding symmetry in order to keep three long
straight sections (injection section, RF acceleration section and extraction section).

The HO dump is used to dump un-
stripped beams at the stripping

The stripping foil in the foil. The capacity is 4kW.

injection section is used
to convert H™ beam from
the linac into protons.

HO Dump ”Ww
: st
(f 1st arc .b,. |

’,"f’ section
Beam

Collimator

Extraction |
section
In jection

section | RCS has a three-fold symmetric lattice
whose circumference is 348.3m.
! 3rd arc
W, section 27 arc
gy, section
RF section

=

Twelve RF cavities in total are installed in the tunnel,
whereas an accelerating electric field is excited by
applying an RF power fed using the tetrode.

101\ to

& MR&MLF

The beams are
extracted by kicker
magnets and DC
septum magnets at
the extraction
section, and then
transported either
to MLF or to MR
with a pulsed
bending magnet
placed in the 3NBT
line.

21



Time structure of accelerator operation /..

MLF

40 ms (25 Hz) f

RCS

Macro bunch

T 0.81 us (1.2 MHz

TR}

Intermediate bunch

Intermediate bunch

Extraction

I Energy
35 ' ‘
- : 30 GeV . — >
2: | Accgleration Fall time of Acceleration Fall time of
' magnetic field Injection Extraction\, magnetic field

RCS cycle
(40msec=25Hz)

DoT 3GeVl

10 20 30 40 50 80 70 « s

Injection Time (jsec) MR cycle (2.48s for NU, 5.20s for HD)
RCS operation cycle

Magnetic field [arb.]

o
o

Time

MR operation cycle 22



