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* High Intensity Proton Accelerators
* Facilities to use the secondary beams
* Operated by Japan Atomic Energy Agency (JAEA) and -

High Energy Accelerator Research Organization (KEK)

* LINAC (400 MeV)
* Rapid Cycling Synchrotron (RCS) (3 GeV)

Experimental Facility (MLF)

* Main Ring (MR) (30 GeV)
— Hadron Hall
— Neutrino Facility
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High Power Beams to Users

Materials and Life Science
Experimental Facility (MLF) (2008-)
* 21 Neutron beam lines

* 3 Muon beam lines

* RCS Design Beam Power : | MW

BLO8 SuperHRPD
BL09 SPICA

BL10 NOBORU

BL11 PIé\NET -\

DM

BL12 HRC

SLine —%Dﬁ

Proton beam line

BLO6 VIN ROSE
BLO5 NOP

—Uu Llne
D1 Instruments%ﬂ
D2 Instruments
BL14 AMATERAS
BL15 TAIKAN

BL16 SOFIA
BL17 SHARAKU

“_BL23 POLANO
BL22 RADEN -
»-BL21 NOVA

““BL19 TAKUMI
BL18 SENJU

Future Plan of the MLF Second Target Station
* New design of target, moderators, reflectors

* Neutron Brightness : > 20 times

* Muon Intensity : > 50 times

¢ RCS Beam Power : 1.5 MW

LPARC 215

Future Program with the

Linac Beam :

Proton Irradiation Facility
with laboratories of

* Post irradiation examination

* Accelerator development for ADS
* 400 MeV, 250 kW

s L/ ‘\ i 4 .
\ PIE'specimens

Hot-labo,
PIE specimens




High Power Beams to Users

Future Plan for the extension of the Hadron hall
* More intensity of secondary particles

* Purity
* Aplp

+ hypernuclei
=+ _hypernuclei

phi meson mass
@ in nuclei

COMET: * -e conversion search

Neutrino Facility (2009-)
* Long baseline neutrino oscillation experi

ment (T2K)
—

p\elSig Elngllel'lglel=  » Upgrade Plan for the
Woisoor="2 Neutrino Experiment

* Far Detector
— 50 kton — 260 kton
= Water Cerenkov detector
260kton s * MR Beam Power

+ — 750kW — 1.3 MW
J-PARC Main Ring
Beam Power Upgrade

E—
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e Introduction to J-PARC

* Linac and RCS: Operation status and upgrade plan
* MR: Slow extraction operation status and upgrade plan
* MR: Fast extraction operation status and upgrade plan

* Summary
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Linac: Operation Status

Partlcle: H_ || 90-deg dump (0.6 kW) H
Energy: 181 MeV g
— 400 MeV (Annular Coupled Structure (ACS) modules installed in 2013) 100—(3e3 V\?)ump o

Peak Current: 30 mA
— 50 mA (Front-end system, Ion Source and RFQ, replaced in 2014)
— 60 mA for beam study
Macro Pulse Width: 0.5 ms
— 0.6 ms for beam study ¢ront-end

" . =1S+LEBT+RFQ+ MEBT MEBT2
Repetition Rate: 25 Hz o (Buncher1-2) ace

_ ot 2) sprL jem (972MHz)

27 m 91m 108 m

T L, el
;i_ 3 MeV 50 MeV 191 MeV
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- - > : M. Otani MOPTS048
Linac: Tuning for the Beam Loss Reduction -
* Tuning of the 1on source, LEBT, RFQ and chopper Beam Loss Distribution
* Transverse optic matching at MEBT1, MEBT2 and L3BT ol , .
* RF phase scan of DTL, SDTL and ACS. T=1.0(design)

40% mitigation

* The intra-beam stripping of H™ causes serious beam losses in ACS. G« by simulation

* The new lattice has been demonstrated for ACS with Txy/Tz = 0.7
from the original equipartitioned lattice. ‘
* Meanwhile the transverse and longitudinal coupling instability by — “[ -
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Circumference: 348.333 m
Super-periodicity: 3 Injection
Harmonic number: 2
Injection Energy: 400 MeV
Extraction Energy: 3 GeV
Original Design Beam Power: 1 MW
- Large Aperture: 486m mmmrad
- Painting injection during 0.5 ms (307 turns)
- Beam Loss Localization with Collimators
- Lattice for high transition y: 9.14
Repetition Rate: 25 Hz
Ramping Pattern: Sinusoidal . :

from
linac

=

400-MeV H-

Secondary collimators
Primary collimator
Injection section
Charge-exchange foil

(Injection point)

3-NBT

Extraction
beam dump

~) \ /B kW)

3 to MLF |
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Beam Power History at MLF

* The beam power of the recent user operation is 530 kW.
* The power will be increased by carefully confirming the soundness of the neutron production target.
* The operation of the original beam power target of 1| MW was successfully demonstrated.
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RCS: I-MW Operation and the Beam Loss Reduction

* A stable 1-hour operation of the 1-MW beam was successfully achieved with 25 Hz

and the following operational parameters.
» Transverse painting area: 200mr mmmrad.

» Sextupole field patterns:
* Correction of the resonance of vx—2vy=—06 for beam loss reduction (t < 5 ms)
* Chromaticity manipulation for instability suppression (t > 9 ms)

* Momentum offset applied in longitudinal painting: —0.1 %
* The 2" harmonic RF is applied for the larger bunching factor.

e The beam loss of 1073 level was achieved and the loss was localized at the collimators.
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RCS: High Power Operation beyond 1 MW

 The upgrade is planned for 1.5 MW with the 2" target station of MLF.
* The operation of 1.2 MW equiv. was demonstrated for the acceleration of up to 1 GeV.
* RF system will be upgraded this summer for the beam loading compensation for the beam power beyond 1 MW.

BM field ramping
MM

Paint bump

50ma =2 1MW (Desi
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lea=30mMA . onducted in Oct. 2018.

=12 MW
Ieak=60 mA
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* Introduction to J-PARC

 Linac and RCS: Operation status and upgrade plan

* MR: Slow extraction operation status and upgrade plan
* MR: Fast extraction operation status and upgrade plan

* Summary




MR Design and Operation Modes

* Circumference: 1567.5 m Beamabortline  , Fast extraction
* Three-fold symmetry '
* Harmonic number: 9
* Original Design Beam Power: 750 kW
- Large Aperture
- Beam Loss Localization
- Imaginary Transition y Lattice

Hadron
. Experimental Hall

Rf cavities

| g\leutrino beamline

* Slow extraction mode (SX) for the
hadron hall: 2s-spill extraction.

* Fast extraction mode (FX) for the
neutrino Facility: 1 turn extraction.

< 2000 = 2000
€ 1600 = 1600 |
g / \ / \ / /\ /\ N\ A\ N\
3 o / N /1 s /N /N N\ \/
f IS WA W AR W A 1V
= o0 s 0

0 2 4 6 8 10 12 0 2 4 6 8 10 12

Time (s) Time (s)
SX (5.2 ) FX (2.48 s)
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c " Slow Extraction Tunings and the Beam Loss Reduction

» Extraction scheme with a third order resonance of vx = 22.33 1 Beam Envelople
* The extraction efficiency of 99.5% was achieved with fine during Injection |
tunings of N\ N
* Main Quadrupole Magnets ; '
* Resonant Sextupole Magnets
* Bump Magnets
* Electro-Static Septum (ESS) 30 um W ribbons at high f=40 m

5 a @ / 5 BB =
* Septum Magnets (SMS) TN SR : # g
e '\.“I\\ \/,/,//,H i :’,, // ’ ’;’
\~"/ ~J

Fred B 5 B Beam @ flattop
ixed Bum namic Bum . .
—— P y i . | with Bump Orbit
ESSwres 1% 0 20 40 60 80 100
X=X L(m)
phase space : —_— Beam Loss Distribution
Step size 20 mm =5 . ; »
u -
w30+ 4
']
220k &
Emf E
Bump1l-4 2 d i
current ’ i loss moniEturr address = *
vs. time

T t11

ESS1 2 SMS1 2 3
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Slow Extraction Tunings for the Beam Spill ™ ©m M

* The SX beam power of 51 kW is achieved for user operation, which is limited by the target capacity.
* Users prefer uniform extraction of beam spill in 2 s.
* The spill duty is tuned with the following instruments.
* Main quadrupole magnets are ramped to move the tune toward the resonance of 3vx = 67.
* Correction Quadrupoles (EQ and RQ) are feedbacked by the signals of the spill monitor.
* Transverse RF is adapted for further improvement of spill duty.
* The target will be upgraded this summer for the capacity of 57 kW — 95 kW.

Beam Intensity ‘Run7s snot 355140 | Beam Power 51 kW
Ext. Efficiency 99.52%

Spill length  2's
Spill Duty Factor 48%
25

" ‘ D= [/!fz I(r)dr] )/{/: (ﬁ-./: Ig(r)dr}

0. [ 2018 Feb 23 10:12:45 - Run 78 Shot 355140 |
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T

Beam spill
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/ " SX for the p to e conversion search experiment e FeeLs2
./

* The COherent Muon to Electron Transition (COMET) experiment to search for the process of lepton flavor violation
requires
* slow extraction of 8 GeV beam for suppression of the anti-proton production and
» sparse bunched beam for the signal detection with the extinction ratio of 107!° for the empty bucket.
* Empty bucket production with RF chopper
* 1 bunch acceleration in RCS
* Injection kicker timing shift in MR
* The proton beam required for the phase 1 was delivered to Hadron hall to measure extinction factor of secondary beam.

8GeV 1MHz pulsed beam Empty bucket prgduction by chopper The beam in the empty bucket is killed
4 1ooms i oo Pt Leak rate is 107-6 by MR injection kicker timing shift
10ppuse S| scraper ordinary shifted
Kicker timi kicker timi
% Prompt Background RFQ DTL _/Ltlmmg\_ _/Lhmmg\_
é Stopped Muon Decay ® O ® O
ﬁ Timing Window main  residual main  residual
; RF chopper beam beam beam beam
- 1D’= o o i - Enries 16570180410
! £ ""i" qg ...... | S| B — pregd
0 Time (us) 1 2w “:I'"” .u‘:l ....... s-:l ......... .»t.l .........
- e Sop (€ 1&g |2
1.6 X 10" ppb”_~ F: R
- & ™ 4 [ [ (] ©
thunch | W X 10t " by I o
; . /6.2X102ppb, w o S (O s
wod E bod i ] Y N | N S— :
Empty bucket R g wp | 1 ! l 5 L We found the solution for the
4 bakh injoction '\‘: o :- m!— & . - h k/ e t. t. f K4
h 4 bunches { B I I o e Xtimction 1or - rear.
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e Introduction to J-PARC

 Linac and RCS: Operation status and upgrade plan
* MR: Slow extraction operation status and upgrade plan
* MR: Fast extraction operation status and upgrade plan

* Summary
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MR Beam Power History

* The beam of 490 kW has been provided stably with the beam loss of 500 W in the recent FX operation.
* The user operation of 500 kW for 50 shots was achieved with the beam loss of 700 W.

MR Beam Power (kW)

500
450
400
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300
250
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100

50

SX

N ] [ o] [ N [ [ [ N
o o o o o o o o o o
o = & ® = o o ~ ® ©
S S S S S S S S S S
= S = P = s S =~ s =
o o o o o o o o o o
= [ = = = = = = = =
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Typical Operation Status for FX

Beam Power : 504 kW

Cycle Time : 2.48 sec

Number of protons at injection : 3.3 X 10!3 protons per bunch (ppb) X 8
Number of protons at extraction : 2.61 X 10'# protons per pulse (ppp)
Beam Loss : ~700 W < Collimator Capacity: 2 kW

Beam Intensity “run 79 shot 14g5027 | Beam Loss D|str|but|on BWiov Gan |
. S 8000 : : : : : : : : -nghGam
: 1° 5 ¥ L
St = I O T O I
Tor = Gl:-no—\l;--;CO“i-ma-tQF--~§~-~~
S 1% AR
2 ;20
3 . 4000
- -1 I TR T T T T T S N
10 ] -l Monitor sensitivity: X 8
/ 35
1S N T (U | S ]
0 05 1 5 BB R L i Rl
time from K1 [sec] Addrass#
e Time (s) . MR address
Injection  Acceleration Extraction 21



Tunings for the Beam Loss Reduction

MR Power 500 kW
Space Charge Tune Shift: 0.4

- Simulation based on the measured
transverse emittances and bunching
factor

RCS parameters optimization for
the injection beam

2 harmonic RF

Optics measurements and

corrections

- with trim coils of main Q magnets for
the leak fields of the FX septum
magnets.

Third order resonance corrections

- with trim coils of four S magnets.

Transverse instability suppression

- with chromaticity parameters and

- Intra-bunch feedback system.

21.5
04

03

vy

01
21.0

Olgy

02

MR SCTR Space Charge Tracking (21.35,21.43)
Gauss H 15z V 191t MR 500kW Np=3.2e13 Bf=0.3
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Ve Beam Power Upgrade Concept
Y pemPoverlpmdeCoen

Beam Power |Cycle Time Number of Equivalent
accelerated beam power in
protons RCS

Present 500 kW 2.48 s 2.6x10% ppp 780 kW
Original Design 750 kW 1.32s 2.1x10' ppp 610 kW
New Plan 1.3 MW 1.16 s 3.3x10% ppp 1 MW

* For the Beam power upgrade of 500 kW — 1.3 MW
* Factor of 2 by faster cycling
* ~30% gain by intensity increase

2.48 s Cycle 1.16 s Cycle

__ 2000 __2000

< ...

~ 1500 +~ 1500

] ]

= 1000 = 1000

= =

S 500 S s00

Q Q

@ 0 @ 0

o 1]

= 0 2 4 6 =2 0

2 4 6
Time (s) Time (s) e



[ & Mid-term Plan of MR
FX: Faster cycling: 2.48 s — 1.32 s for 750 kW — 1.16 s for 1.3 MW
SX: Mitigation of the residual radiation for 100 kW

Event HD target IS'EES Jown

FX power [kW] 475 500 500 500 >700 800 900

SX power [kW] 50 50 50 70 > 80 > 80 >80

Cycle time of main magnet PS 2.48s 2.48 s 2.48s 2.48s 1.32s <1.32s <1.32s

New magnet PS # Mass production/installation/test H

High gradient rf system -—— e

24 harmonic rf system # Manufacture, installation/test M L ’
. . Capacity Capacity

Ring collimators 2 kW 3 5KW

Injection system ﬁ Kicker PS improvement, Septa manufacture /test M
FX system ﬁ Kicker PS improvement, FX septa manufacture /test M

SX collimator / Local shields — Ll 2

Ti ducts and SX devices with Ti
chamber

Ti-ESS-1

24
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New Magnet Power Supply for Faster Cycling

* A new power supply was designed with capacitor banks for the cycle of 1.3 s.
* The power supplies for the BM families are being constructed and tested.

Requirement : Higher Repetition Rate (2.48 s — 1.3 s)
K Issue : Large power variation @ AC maingrid P =VI = (Lﬂ + RI)I \
— No Recovery 2.48s dt
—w — With Recovery 1.34s 1.3 sec CVCIG
; /\
R I AP,, > 100MVA
£ L= AP, ~ 60MVA
= . .
I \ l ‘ Not allowed by Electric Power Supplier
k 0 us Lo 1s 20 2% Energy Recovery with Capacitor Banks J
Time [sec]

Interior of Container



/[ 2 Installation Plan for RF Cavities

» Higher RF voltages are necessary for the faster cycling. ———
* The following numbers of RF cavities are necessary for the operation of 1.32 s and 1.16 s. &&=
* For 1.16 s operation, 11 fundamental cavities and 2 second harmonic cavities.

» Upgrade of the anode power supplies are planned for the beam loading compensation.

MR 1.32-sec MR 1.16-sec

Events operation operation
FT3L 4GAP Cavities 7 7 7 9 9
additional 4GAP Cavity - - - - 2

2nd harmonic cavity 2 2 2 2 2
Accelerating voltage 300-390 KV 300-390 kV  300-390 kV 510 kV 600 kV
(2nd Harmonic) 110 kV 110 kV 110 kV 120 kV 120 kV

Ins A: 2 27 harmonic cavities

Insertion C Ins B: 2 fundamental cavities
=" Ins C: 9 fundamental cavities

RCS RF Anode power supply




Simulation Studies on Dynamic Aperture for the Beam Loss Reduction

* Beam loss should be reduced for the beam intensity increase of ~30%.
* Dynamic aperture at the current operation tune of (21.35, 21.45) is affected by the structure resonance

of vx—2vy = —-21.
*  Working points of (22.35, 22.45) and (21.35, 20.45) may be free from the structure resonances.
* Beam study is necessary for the new working points. B g
/ Newoss|ble x. p.

Dynamic aperture survey (22.35 )
(No magnetic error/ no space charge)

Aperture Score (21 xx, 21 xx)
No error, Chrom 75%, dp=0.0%

2146
21.39 vy :C2u1rFeqF2v§/.p TS
215 ._(35' 5) ............. .............

2132 / P S
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21.25 21
o118 INew oss;; w p.
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Multi-MW Beams to the Neutrino Experiment

* 3.2 MW with a new 8-GeV Booster in J-PARC
* 9 MW with a 9-GeV proton driver in the KEKB Tunnel after the B-factory project.

J-PARC Tokai site KEK Tsukuba site
Present accelerator configurations
40{.)-Me\l 1 MW
L 30-GeV MR
RCS 3-30BT
scraper
MLF
Proposed future accelerator configurations
409-Me\l 2 MW
linac -GeW\
\Rcs /[ 3-88T
scraper scraper
MLF
RCS 8-GeVbooster MR
Physical aperture (mm mrad): 486n 189n 81n
Collimator aperture (mm mrad): 324n 126n 54-60m
Collimator capability (kW): 4 4
3-8BT 8-30BT
Scraper aperture (mm mrad): 126n 54-60n
Scraper capability (kW): 2 2

For the acceleration in the 2" to 4t" straight section, the ILC cavity is adopted.
- Peak current : 100 mA (pulse)

-Beamduty:1%

-Beam power:9GeVx0.1Ax1%=9 MW

R&Ds : High duty horn, higher gradient SC cavity, high power targe%.g..

Conceptional Design of 8 GeV Ring
Circumference 696.666 m
Super-periodicity 4
Transition gamma ~15 GeV




c " Summary
» J-PARC accelerators have been providing high power beams for 10 or more years to users at

- Materials and Life Science Experimental Facility

- Hadron Experimental Hall

- Neutrino Facility.
The Linac original design current of 50 mA was achieved with efforts of beam loss reduction.

- The operation of 60 mA was demonstrated in the beam study.
With RCS, the one-hour stable operation of 1| MW was achieved with the loss of 1073 level.

- The beam power of 1.2 MW equivalent was demonstrated in the beam study.

- The beam power of 1.44 MW will be tested for the upgrade plan.
MR delivers the SX beam to the hadron hall with the beam power of 51 kW and the extraction efficiency of
99.5%.

- Hadron target will be upgraded this summer for the capacity of 57 kW — 95 kW.

- The proton beam of 8 GeV required for the phase 1 of the muon to electron conversion search

experiment (COMET) was delivered to hadron hall to measure extinction factor of secondary beam.

The beam power of 500 kW was achieved for the MR FX operation.

- The beam power upgrade of 1.3 MW is planned with

- faster cycling : 2.48 s = 1.16 s, and accelerated protons : 2.6 X 10" ppp — 3.3 X 10! ppp.

- Possibilities are being explored for the beam power of multi-MW for the neutrino experiment.
30
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