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Outlines
• First Beam Commissioning

Basic settings and Integrated schedule
Li commissioning: schedule, results, problems
RCS commissioning : schedule, results, problems

• Re-commissioning after earthquake
• 181à400MeV Energy-upgrade
• 30à50mA Current-upgrade
• DTL1 issue after 50mA operation
• 60mA beam study
• Beam loss mitigation



J-PARC Milestones 3

Year Event
Linac bldg. construction start
MR bldg. construction start
RCS bldg. construction start
RCS bldg. is completed
Linac bldg. is completed

2006 Beam commissioning start (Linac)
181 MeV acceleration is achieved at linac
MR bldg. is completed
3 GeV acceleration is achieved at RCS

2008 30 GeV acceleration is achieved at MR
2011 Earthquake and recovery 

2014 Linac upgrade (energy & intensity) plan is completed. 

2015 Equivalent 1 MW operation is achieved

2018 Continuous operation with a beam power equivalent 
to 1 MW is succeeded

2002

2005

2007

Commissioning goal

First beam (5, 30 mA)
Preparation for operation

Re-commissioning
Commissioning for upgrades

Power rampingup
Fine tuning (15, 30 mA)

Fine tuning (30, 50 mA)

Fine tuning (50, 60 mA)



JFY2005 JFY2006 JFY2007 JFY2008

Linac

RCS

MR

MLF

Hadron

Neutrino

-Summer shutdown period is not shown

-Accelerator operation includes beam commissioning for higher beam intensity  

Integrated Schedule 
building/tunnel construction

Installation/alignment

off beam commissioning

Beam commissioning operation

Beam commissioning of upstream
during installation/alignment of 
downstream

• Radiation shielding walls and/or air-
tight separators

• Day/night time sharing

An “integrator” is important

Basic Settings and Integrated Schedule
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Commissioning Including…
• Off beam commissioning 
(with machines being on line) 

-air conditioner, cooling water
-vacuum evacuation
-scheduled timing, synchronization
-control system, interlock system (PPS, MPS) 
-comprehensive machine operation 
-EMC
-… (eg. For rings BM and QM tracking study, etc)

J-PARC Control/Monitor System Condition before Linac “Day 1”
All device status were monitored through the control system.
Most of devices could be controlled through the control system.
Ill-behaved devices causing multi-cast storm and eating-up network bandwidth 
were identified and removed.

• Beam commissioning 



“Day-1” Linac Beam Commissioning 
• Procedures: 
Ion Source test 
RFQ, DTL, SDTL high-power conditioning
RFQ, MEBT tuning (5mA, 3MeV beam stop) 
RFQ, MEBT tuning (30mA, 3MeV beam stop)
DTL tuning (5mA, w/o chopping, 0 deg dump)
SDTL tuning (5mA, w/o chopping, 0 deg dump)
Overall tuning for straight section (5mA, 0 deg dump)
High intensity operation (30mA, 0 deg dump)
Arc tuning (5mA, w/o chopping, 30 deg dump)

• Dec. 2006 ~ Sep. 2007 Linac 0, 30 deg dump
• Sep. 2007~ Linac 30, 90 deg dump 
low current mode 
180 MeV
5mA peak current 
50μs width 
5 Hz (also single shot) 
w/o chop
0.23 kW 

high current mode 
180 MeV
30mA peak current 
50μs width
1 Hz 
w/o chop
0.27 kW 
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Linac Beam Commissioning Runs

Beam commissioning cycle: 9 * (12-day run + 9-day interval)

(Intervals are adjusted to accommodate maintenance periods.) 

24-hour operation for RF/12-hour beam test
“Commissioning”/“Conditioning” pattern

181 MeV acceleration: Jan 24, 2007

Inspection for licensing, PASSED: 
Feb. 21, 2007 

Sept. 2007
Ready for Stage 2
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Li Beam Commissioning Items
• Ion Source test [Apr.-Nov., 2006] 
• RFQ, DTL, SDTL high-power conditioning [Sep.-Nov., 2006] 
• RFQ, MEBT tuning (5mA, 3MeV beam stop) [Dec., 2006] 

RFQ, LEBT tuning 
Minimum beam orbit correction (transmission optimization) 
Beam diagnostics test (CT , FCT , BPM, WS) 
Emittance measurement (bend line) 
Buncher phase/amplitude scan 
Chopper tuning 
Single shot operation 
Beam diagnostics test with chopper or single shot operation 
BPM beam-based alignment 

• RFQ, MEBT tuning (30mA, 3MeV beam stop) [Jan., 2007] 
The same items with the above 5mA tuning 

• DTL tuning (5mA, w/o chopping, 0 deg dump) [Feb., 2007] 
Minimum beam orbit correction (transmission optimization) 
Phase/amplitude scan 

• SDTL tuning (5mA, w/o chopping, 0 deg dump) [Mar., 2007] 
Minimum beam orbit correction (transmission optimization) 
Phase/amplitude scan 
Transverse matching at DTL-SDTL transition and SDTL exit 
BPM beam-based alignment 

• Overall tuning for straight section (5mA, 0 deg dump) [Apr., 2007] 
Debuncher phase/amplitude scan
Orbit correction
Chopper tuning 
Single shot operation 

• High intensity operation (30mA, 0 deg dump) [May, 2007] 
Transverse matching
Orbit correction
Chopper tuning 

• 1/3 arc tuning (5mA, w/o chopping, 30 deg dump) [Jun., 2007]
Bend tuning 
Achromaticity check 

• Ready for injection tuning [Sep., 2007] 
High duty(5.4kW) operation (using 30deg dump) 
Bend tuning (remaining 4bends) 
Achromaticity check for entire 1st arc 
Transverse matching to 1st arc and collimator section 
Orbit correction 
100 deg dump current monitor calibration 
Collimator tuning 
Injection line tuning(using RCS H0dump) 

Reproduction 
of beam 
commissioning 
at Tsukuba 

8

MEBT buncher1 phase scan

Output beam energy vs RF phase

Q2 Q3 Q4

Chopper

(OFF)

Buncher1

FCT2 FCT3

TOF measurement

Phase scan

Beam

• The buncher phase is scanned monitoring the

output energy with TOF measurement by two

downstream FCT’s.

• The amplitude and phase are successfully

tuned within a required accuracy (<5deg, 5%).
RUN1

MEBT buncher2 phase scan

Output beam energy vs RF phase

Q5 Q6 Q8

DTL1

Buncher2

FCT4 FCT5

TOF measurement

Phase scan

Beam

Q7

• Similar tuning is performed for buncher2

also.

• The required accuracy (<5deg, 5%) for the

tuning has been achieved. RUN2

FCT pairs for DTL tuning

SDTL1A SDTL1BDTL3 SDTL2A

Beam

SDTL2BDTL2DTL1

FCT (Fast Current Transformer)

TOF for DTL1 tuning

TOF for DTL1 tuning

TOF for DTL3 tuning

The tank between the FCT pair is to be turned off and detuned while

tuning to avoid influences on the TOF (Time-Of-Flight) measurement.

DTL1 phase scan

The beam is accelerated

with MEBT buncher 2 by

40 keV

The offset of 60 keV is

assumed for the output

energy measurement in the

analysis.

The measurement tends to

deviate from simulation

with lower tank level.

Tank level: 1.05

1.03

1.01

1.00 (design)

0.99

0.97

Lines: simulation, Filled circles: measurement
RUN2

FCT pairs for SDTL tuning

SDTL2A SDTL2B SDTL3A

Beam

SDTL3BDTL3

FCT (Fast Current Transformer)

SDTL1A SDTL1B

Klystron Klystron Klystron

Phase scan

Long TOF pair apart by 21βλ

Short TOF pair
apart by ~2βλ

Short and long TOF pairs are prepared for each klystron.

Short TOF pair is utilized to avoid miscounting of wave numbers in the long pair.



Li First Beam and Fine Tuning Results 
Beam energy measurement vs. design in SDTL(1~15) 
Jan. 2007 Run 3             à Sep. 2007 Run 9

Downstream 
residual radiation 
reduced to <1/3!

Energy jitter suppression measured in Run 9 

SDTL exit DB1 exit DB2 exit 
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“Day-1” RCS Beam Commissioning 
• Sep. 2007 ~ Apr. 2008 
Linac beam condition

5 mA peak
50 μs ( RCS 24 turns injection)
chopped beam
single shot or very low beam rep., 

RCS 
Start with “center injection” (no transverse painting) 
Machine @ 25 Hz 

(1) 90 deg dump <---> RCS injection commissioning [H0 dump] (“H0-dump mode”) 
(3rd foil is used for charge exchange H--->H+ ) 

(2) injection orbit study using DC kickers [3GeV dump] (“1/3 RCS mode”) 
(3) storage and RF capture study (30π mmmrad) (“DC mode”)
tune, COD.... [3GeV dump]
(4) acceleration [3GeV dump] (“Acc. mode”)
(5) extracted beam study (10π mmmrad) [3GeV dump] 
---> 0.8 × 1012 ppp (10kW, if 25Hz rep.) 
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RCS beam commissioning

RUN#09 : Tuned up the injection and H0 dump line orbits
RUN#10 : Succeeded in “181MeV circulation”  &  “3GeV acceleration”,

roughly making operation parameters for coming inspections
RUN#11 : Took the inspection for “3GeV acceleration mode ”
RUN#12 : Took the inspection for “H0 dump mode ”
RUN#13 & 14 : Started beam studies in earnest



RCS First Beam Commssioning Results 
Measured β-functions à correction Consistency of the measured 

profiles of the injection beam 

Measured dispersion à correction
Matching of the injection & closed orbits
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Linac Issue

■ Linac risks for RCS Day One: Spares. We have prepared spare 
klystrons. However, other spares have not been sufficiently stored 
or ordered for other components, although it is difficult to 
estimate the “sufficient”spares.

■ Linac control should be made more intelligent before the RCS 
beam commissioning.

■ Beyond RCS/MR Day One, we have a lot to do: the ion source 
development for a full power operation, stable and reliable 
operation, the sufficient beam quality both longitudinal and 
transverse for high-intensity RCS injection, and so forth. 

9Linac

Linac Issues found in “Day 1”

Sufficient monitoring 
and just-in-time anaysis

Long-term stability and 
reproducibility
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Re-commissioning after the Earthquake 2011'Beam'commissioning'aNer'the'earthquake�

• #Beam#power#before#earthquake#(13.3kW)#restored.##
• #Beam#loss#miAgated#in#the#intervals#of#user#operaAon.�
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#� Linac#beam#tuning�
Beam#supply�

User#operaAon#
(7.2kW)�

181MeV#acceleraAon�

#�

First#beam#aWer#
earthquake� Beam#delivery#to#RCS�

User#operaAon#
(13.3kW)�

User#operaAon#
(16.9kW)�

Previous#ATAC�

Run39
Run40

Li
RCS+MLF

Problems and solutions
Beam loss & increased residue radiation (~mSv/h on contact)
Misalignment à re-alignment and abnormal orbit setting before DTL1
FCT (Fast Current Transformer) and cable replaced à recalibration 
SDTL5 became unstableà set to higher amplitude (109% ~ 116%) to avoid multipactor

ACS11

MEBT2_04

ACS13

ACS16
w/o chop

December 17

When BLM started work properly

When we started to deliver 
the beam to RCS

Before earthquake

SDTL5 problem:
Method 1: Trial-and-error phase tuning
Method 2: Re-design longitudinal focusing 

Red: design 
Blue: SDTL4 -17 %, SDTL5 +16 % 

SDTL4
SDTL5

Beam Power was recovered 
and later ramped up
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Energy Upgrade

J-PARC linac consists of 
• 50-keV negative hydrogen ion source 
• 3-MeV RFQ
• 50-MeV DTL (Drift Tube Linac)
• SDTL (Separate-type DTL) 181-MeV à190MeV
•400 MeV ACS (Annular Coupled Structure Linac)

Front-end
(7 m)

Linac commissioning and beam studies for 400MeV upgrade: Scheme 
181MeV à 400MeV

ACS Installation in summer shutdown of 2013
Commissioning in Dec. 16, 2013 ~ Jan. 30, 2014

SDTL(+SDTL16)DTL

0-deg dump

30-deg dump

Front-end = IS + LEBT+ RFQ + MEBT

(84 m)(27 m)

50 MeV 181 MeV
à190MeV

3 MeV

100-deg dump

90-deg dump

RCS injection

1st Arc

50m

Collimator section

2nd Arc
Injection section

MEBT2 (+ 2 
new bunchers)

Newly installed
ACS section

400MeV

Major Tasks/Steps
• Establishment of 181MeV and monitor check
• Establishment of 400MeV

Phase scan of S16, ACS, bunchers and debunchers
• Fine tunings, matching

Preparation for user operation at 15mA
High power study at 25mA

• Preparation for operation
Check beam loss along linac and beam line
Check orbit, center energy, energy jitter
Check emittance for RCS injection

Sources and pattern of beam loss were changed!
• Before energy upgrade

Proton in the RFQ output: suppressed by MEBT1 chicane
H0 from gas stripping at SDTL and lost at downstream 

• After energy upgrade   
Good vacuum at ACS: no worry about gas stripping at ACS
àintra-beam stripping (IBSt) @ACS

• Other effects (very important)
Shielding effects and saturation of BLM
Dependency of residue dose on surround materials
Energy effects for 181à400MeV, factor of 2~10?
Improvement of alignment

ACS Residual Radiation after one week 15mA*400MeV

An abnormal loss pattern in all ACS cells

Beam
ACS tank A ACS tank B

Q1Q2 Q1Q2
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Current Upgrade
Li peak current 
Operation/Study 15/30mA à 30/50mA: Oct. 2014

New type ion source: LaB6 à RF IS
New RFQ: RFQ1àRFQ3
New MEBT1 (including new RF chopper)

Q-scans were applied to verify the initial Twiss

Q-scan 50mA,Q3 vs. WSM03B

RFQ3 Simulation (30~50 mA identical)
Measurement 30mA
Measurement 50mA

X                             Y

RFQ Q
１

Q
3

Q
2

Q
5

Q
4

WSM０１ WSM０３A WSM０３B

B1 Chopper

BSM

x

y

off

Beam

Fit to Twiss at
“MEBT1-MARK00”
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DTL1 Beam Loss Issue in 50 mA Operation
DTL1 Residue Radiation Increase after 50mA Operation 
Residue radiation increase at DTL1 aperture
Around DT56,7 the aperture transition 𝚽13à𝚽18
Hard to see from transmission (≲1%) or BLMP

Reason：
Increased envelope of 50mA compared with 40mA
EP lattice à increasing envelope along DTL
DTL1 deformation caused by the earthquake 2011.3
It was solved with abnormal orbit setting in MEBT1
But NOT fully cured

Solution: 
Local envelope correction 
Verified by scintillation monitor measurement

Due to big earthquake

DTL1 DTL2 DTL3

Corrected

50mA 500kW operation

Lattice Redesign for DTL1 Beam Loss
Ramping up nearby DTQ gradient à Local envelope correction

!13à!18
X-ZOOM

Y-ZOOM

6

~15uSv/h
（2020/02/05）

Residue Radiation Improved after Envelope Corr.

160% local correction 
was applied

Source of beam loss 
Seemed removed! 

MLF 500kW

Shut 
down

MLF 
500kWNU

By T. Morishita
9
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Injection pulse length:
ー 0.1 ms
ー 0.2 ms
ー 0.3 ms
ー 0.4 ms
ー 0.5 ms
ー 0.6 ms

60mA Study
Motivation:
For future 1.5MW operation
Ensuring stable 50mA operation

Difficulties:
Increased halo from IS

Countermeasures:
RFQ 106%
MEBT1 Scraper adjustment

Milestones of J-PARC LINAC Intensity Upgrade
181/190MeV à 400MeV:  Jan., 2014
Operation/Study 15/30mA à 30/50mA: Oct. 2014
è400MeV, 50mA: ready for 1MW from RCS (Demo:Dec.2014)
--------------------- Design accomplished ---------------------

40mA in Operation: Jan. 2016
Next step: 50à60mA or/and 500à600us: aim at 1.2/1.5MW@MLF
1st Trial of 60mA: Jul.5 2017: 68mA(IS) 62mA(MEBT1)
2nd Trial of 60mA: Dec.25,26 2017 60mA(DTL no accel. ), 57mA(Li) 
3rd Trial of 60mA: Jul.3, 2018 62mA(Li) 
50mA in Operation: Oct. 2018
50mA, 600us injection to RCS : Oct. 19, 2018 (~1.2MW@RCS)
60mA (4th Trial ), 500us injection to RCS : Dec. 26, 2018 (~1.2MW@RCS)
60mA (5th Trial ), 600us injection to RCS : Jul. , 2019 (~1.5MW@RCS)
60mA (6th Trial ), 600us injection to RCS with Li fine tuning : Dec. , 
2019 (~1.5MW@RCS) …

First 60mA*600us Inj. to RCS, Jul. 2019

600us

1.5-MW-eq at the RCS (Extracted at 0.8 GeV)

ー εrms with all
ー εrms with 95%
--- 6εrms with 95%

ー εrms with all
ー εrms with 95%
--- 6εrms with 95%

RFQ Simulation vs. Measurement

Zoomà

Zoomà

Present
setting

Possible
Candidate

Measured Distribution from IS (66mA)
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Li Beam Loss Mitigation
• After upgrades, intra-beam stripping (IBSt) became the dominant source of beam loss
• IBSt rate can be only affected by lattice
• IBSt loss localization is sensitive to aperture
• Highest：200MeV~400MeV esp. ACS

Several hot spots (surface)3.5mSv/h@500kW(40mA)  before 2018.7 @ACS-A entry
Source：IBSt

• Beam loss localization (ACS aperture rearrangement、2018.7)
Highest hot spots@ACS-A entry  3.5 à1.4 mSv/h@500kW(~2019.3)
Highest hot spots@ACS QM ~2.4mSv/h@500kW(~2019.3)

• Beam loss mitigation 
IBSt mitigation lattice TACS=0.7(2019.4~)

à Highest hot spots@ACS QM ~1.5mSv/h@500kW
à Highest hot spots@ACS QM ~2.0mSv/h@800kW(present)

IBSt vs. ACS Lattices

Accumulated loss power
0.675% duty

0.1W/m
For 50mA operation with optimized emittance
IBSt loss power is close to 0.1W/m at ACS

T=0.3 helps to reduced more than 50%
Stability?

T=1.0, E0 100%

T=1.0, E0 96%

T=0.3, E0 100%

T=0.3, E0 96%

Simulated envelope

Accumulated loss rate
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The abnormal pattern in all ACS were 
removed after aperture re-arrangement

T=1

Longitudinal redesign

Transverse redesign

Tune Diagram
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“Temperature ratio”

Stronger quad setting or weaker longitudinal focusing

5

H0 Loss-pattern Simulation(2)

MEBT2   ACS à
zoom

Simulated H0 Loss-localization



Conclusion and Outlook
• J-PARC started its first beam with 5mA from Nov. 2006, 
now operates at 50mA, 800kW BoT with satisfying stability and reproducibility, 
and on the way toward 1MW and 1.5MW operation

• Continuous study activities for 50mA operation and 60mA study in J-PARC
Investigation of 3D initial beam property (frontend)
Beam loss mitigation (IBSt is the dominant)
Improvements for long-term stability (with AI etc., too)
All other operation-related issues
Beam halo control for 60 mA

• We try to run J-PARC exactly as design (or re-design) avoiding arbitrary 
manual optimizations

Best wishes to ESS and ESS-J-PARC collaboration



Backup
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Most of original App. are of Java or Java based environment
Still work today
New features à Python

LEBT Sol 2d-scan

LEBTStm 2d-scan

IS Vacc 1d-scan

Phase scan

Transverse matching

Java or JCE
RFQ tank level scan

New DTL phase scan App.

New CCL phase scan App.

Python


