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JJ--PARCPARC

CommissioningCommissioning

BirdBird’’s eye photo in January of 2008s eye photo in January of 2008

Neutrino T2KNeutrino T2K

JFY2009 BeamsJFY2009 Beams

30GeV MR

30GeV MR

Hadron hallHadron hall

MLF, SNS and mMLF, SNS and m--onon

JFY2008 BeamsJFY2008 Beams

3 GeV  RCS3 GeV  RCS

CY2007 BeamsCY2007 Beams

181MeV 181MeV LinacLinac



RFQRFQ ISSUEISSUE

No.1: 30mANo.1: 30mA--Operational RFQ:  Operational RFQ:  in operationin operation

Discharge problem limits power and availabilityDischarge problem limits power and availability

No.2: 30mANo.2: 30mA--BackBack--up RFQ:        up RFQ:        in in fabricationfabrication

No.3: 50mANo.3: 50mA--Full spec.Full spec. RFQ:     RFQ:     in in designingdesigning



RFQ,RFQ, in operation (No.1)in operation (No.1)，，，，，，，，BackBack--up (No.2) up (No.2) 

and Final version (No.3)and Final version (No.3)

No.1No.1, in operation, in operation No.2No.2, BACKUP, BACKUP No.3No.3, FINAL, FINAL

CURRENTCURRENT 30mA30mA 30mA30mA 50mA50mA

RF STRUCTURERF STRUCTURE ININ--VACUUMVACUUM DIRECTDIRECT DIRECTDIRECT

RF STRUCTURERF STRUCTUREVACUUM VESSELVACUUM VESSEL

Direct evacuationDirect evacuation

~1m~1m××××××××3 unit =
 ~3m

3 unit
 = ~3m



RFQ discharge problem: RFQ discharge problem: 
Causes and MeasuresCauses and Measures

Damage during 

operation and 

conditioning

Damage during Damage during 

operation and operation and 

conditioningconditioning

Poor vacuum 

properties: 

poor pressure and 

accumulation of 

impurities from 

LEBT

Poor vacuum Poor vacuum 

properties: properties: 

poor pressure and poor pressure and 

accumulation of accumulation of 

impurities from impurities from 

LEBTLEBT

Improvement of Improvement of 

interlockinterlock

Suppression of notSuppression of not--

necessary beams from necessary beams from 

the ion sourcethe ion source

Gentle conditioningGentle conditioning

Addition of vacuum Addition of vacuum 

pumps, diagnosticspumps, diagnostics

Degassing by bakingDegassing by baking

Estimated causesEstimated causes MeasuresMeasures

55
Oil free systemOil free system



PUMP SPEED IMPROVEMENT AROUND RFQPUMP SPEED IMPROVEMENT AROUND RFQ

RFQ VACUUM CHAMBER

BEAM

GV GV

：：：： IMPROVED ITEMS

MOISTURE 

FREE FILTER

ORIFICE

DOWN SIZED ION 

SOURCE APERTURE

H
2
G
A
S

①①①① REDUCE GAS FLOW FROM.    

UPPER STREAM.

②②②② ADOPT MOISTURE FREE FILTER. 

③③③③ OIL FREE ROUGH PUMP SYSTEM.

ION

SOURCE 

RFQ PUMP SPEED [l/sec]：：：： 3,300 12,500

IMPROVED ON MAR. 2009

IMPROVED ON JUL. 2009

IMPROVED ON SEP. 2009

Become stableBecome stable 100100kW start in Nov.kW start in Nov.

CRYOPUMP: recom
mend. of A

TAC. 

CRYOPUMP: recom
mend. of A

TAC. S. Holmes chair
S. Holmes chair



77

Overall layout of backOverall layout of back--up RFQup RFQ

Modules are aligned on the platform and bolted outside Modules are aligned on the platform and bolted outside 

the diaphragm sealing at the brazed SUS flange.the diaphragm sealing at the brazed SUS flange.

End plate will have waterEnd plate will have water--cooledcooled DSRDSR’’ss and endand end--stubs.stubs.

Metal seal for vacuum at brazed SUS flange.Metal seal for vacuum at brazed SUS flange.

Totally 24 fixed tunersTotally 24 fixed tuners

Input couplerInput coupler

Vacuum portVacuum port

((～～～～～～～～2000L/s/port for H2 at the 2000L/s/port for H2 at the 

slit)slit)
Monitor Monitor 

portport

Total length: 3.2m,  and 3 longitudinal modules are connected.Total length: 3.2m,  and 3 longitudinal modules are connected.



88

Design principle for BUDesign principle for BU--RFQRFQ

Present RFQPresent RFQ BUBU--RFQRFQ memomemo

MaterialMaterial 0.2% Ag doped 0.2% Ag doped 

oxygenoxygen--free free 

coppercopper

highhigh--purity oxygenpurity oxygen--free free 

coppercopper

＋＋＋＋＋＋＋＋
HIP (HotHIP (Hot IsostaticIsostatic Pressing)Pressing)

Predominated in Predominated in 

high field deviceshigh field devices

Removal of inner Removal of inner 

defect by HIPdefect by HIP

MachiningMachining 2D machining 2D machining 

with formed bitewith formed bite

NC machining with NC machining with ballball--end end 

millmill

Machining test is Machining test is 

conducted.conducted.

Surface Surface 

treatmenttreatment

acid wash acid wash CP or EPCP or EP (TBD)(TBD) Smoothing surface Smoothing surface 

to prevent from to prevent from 

dischargedischarge

Joining Joining 

methodmethod

Bolted with RF Bolted with RF 

contactors in the contactors in the 

vacuum chambervacuum chamber

Vanes and ports are Vanes and ports are joinedjoined in in 

one step brazingone step brazing

Unifying RF Unifying RF 

contact and contact and 

vacuum sealing  vacuum sealing  

Dipole Dipole 

suppressorsuppressor

PISLPISL’’ss Dipole Stabilization Rods Dipole Stabilization Rods 

((DSRsDSRs))

Simple structure Simple structure 

and low surface and low surface 

electric fieldelectric field

As well as the several measures for the operating RFQ, we are deAs well as the several measures for the operating RFQ, we are designing and signing and 

constructing a backup RFQ. The concept is to achieve constructing a backup RFQ. The concept is to achieve ““stable operationstable operation””..



Energy upgrade of the Energy upgrade of the LinacLinac: 181 to 400 : 181 to 400 MeVMeV
�� The current The current linaclinac energy 181 energy 181 MeV MeV limits RCS power <600kWlimits RCS power <600kW

�� RCS 400 RCS 400 MeV MeV injection is the necessary condition to achieve RCS 1MWinjection is the necessary condition to achieve RCS 1MW-- and MR 750 kWand MR 750 kW--

operationoperation

�� The budget for 400 The budget for 400 MeVMeV energy upgrade was funded (2008~2011) energy upgrade was funded (2008~2011) 

�� The mass production of ACS (annular coupled structure) for highThe mass production of ACS (annular coupled structure) for high--ββββββββ section is well underwaysection is well underway

99Block Diagram of the Block Diagram of the LinacLinac

181(191)181(191)MeVMeV (400MeV)(400MeV) (600MeV )(600MeV )

L3BTL3BT

ACSACS

Energy 190.8-400 MeV

Frequency 972 MHz

Section Length 108.3 m

E0 4.1 MV/m

RF pulse width 0.6 ms

Duty factor 3 % max

21 Acceleration

2 Bunchers

2 Debunchers

Number of modules
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Machining of ACS disksMachining of ACS disks

Copper platesCopper plates 1st machining1st machining 2nd machining2nd machining



RCSRCS

11111111

BeamBeam

CollimatorCollimator

InjectionInjection

sectionsection

ExtractionExtraction

sectionsection

RF sectionRF section

H0 DumpH0 Dump

(4 kW)(4 kW)

11stst arcarc

sectionsection

22ndnd arcarc

sectionsection

33rdrd arcarc

sectionsection

•• CircumferenceCircumference 348.3 m 348.3 m 

•• Injection energyInjection energy 181MeV 181MeV 

(400 (400 MeVMeV))

••Extraction energyExtraction energy 3.0 3.0 GeVGeV

•• Repetition rateRepetition rate 25 Hz25 Hz

•• Output powerOutput power 1.0 MW1.0 MW



RCS Status RCS Status 

T(s)T(s)
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22ndnd harmonic (80%)harmonic (80%)

--0.1% momentum offset0.1% momentum offset

22ndnd harmonic (80%)harmonic (80%)

--0.1% momentum offset0.1% momentum offset

Phase sweep Phase sweep --80 to 0 deg80 to 0 deg

2.58 x 102.58 x 101313 ppp ppp 

(310 kW(310 kW eqeq.).)

at extractionat extraction

1 shot operation1 shot operation

1212

�� First beam First beam �������� Oct. 2007Oct. 2007

�� High intensity demonstrations Sep.High intensity demonstrations Sep.--Dec. 2008Dec. 2008

�� 210kW210kW--70 sec70 sec

（（（（（（（（Limit with beam dump capacityLimit with beam dump capacity））））））））
�� 310kW310kW--１１１１１１１１shot Operationshot Operation

�� 100kW100kW--1 h Operation for MLF1 h Operation for MLF

�� Since 2008/12/23Since 2008/12/23：：：：：：：：User Operation User Operation （（（（（（（（20kW20kW））））））））
(Limit with RFQ performance)(Limit with RFQ performance)

1.772x101.772x101313

P
a
r
ti
cl
e
s

P
a
r
ti
cl
e
s

TimeTime

3NBT Current Monitor Signal3NBT Current Monitor Signal

210kW210kW--70sec Operation70sec Operation

ThisThis demonstration is very important progress to realize 1MW for RCSdemonstration is very important progress to realize 1MW for RCS !!



Plan of Tune manipulationPlan of Tune manipulation
to overcome space charge effectto overcome space charge effect

Improved by Improved by 

tune manipulationtune manipulation

at 0.5 msat 0.5 ms

at 8.0 msat 8.0 ms

(6.35,6.72)(6.35,6.72)

QQxx++QQyy=13=13

excited byexcited by

largelarge quadrupolequadrupole

rotation errorsrotation errors

RCS: 0.6 MWRCS: 0.6 MW

LINAC: LINAC: 

Peak: 30 Peak: 30 mA mA 

Pulse width: 0.5 msPulse width: 0.5 ms



MRMR
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Cabling Network improvements

Symmetric configuration:Symmetric configuration:

decouple normal and common modedecouple normal and common mode

Same pole connection:Same pole connection:

eliminate magnetic field by common eliminate magnetic field by common 

modemode



Magnet power supply issue;Magnet power supply issue;

Symmetry 3 line wiringSymmetry 3 line wiring

Power supplyPower supply Network of magnetNetwork of magnet

Two papers by Two papers by K. Sato and H. TokiK. Sato and H. Toki

�� Synchrotron magnet power supply network with normal and common Synchrotron magnet power supply network with normal and common modes modes 

including noise filtering NIM A565(2006) 351including noise filtering NIM A565(2006) 351

��Three conductor transmission line theory and the origin of electThree conductor transmission line theory and the origin of electromagnetic romagnetic 

radiation and noiseradiation and noise JPSJ Vol.78 No.9(2009)JPSJ Vol.78 No.9(2009)

Symmetry:decoupleSymmetry:decouple

Common and Normal modeCommon and Normal mode

JJ--PARC MR: PARC MR: 

��symmetrical 3symmetrical 3--line wiring for Bend, Quad. Sext. line wiring for Bend, Quad. Sext. 

��66--independent power supplies for bending magnetindependent power supplies for bending magnet



After symmetry After symmetry 

(10/29)(10/29)
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FFT of PFFT of P--N currentN current

Normal modeNormal mode

Before symmetry Before symmetry 

(10/8)(10/8)

DCCT

DCCT
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Cabling Network improvements

Symmetric configuration:Symmetric configuration:

decouple normal and common modedecouple normal and common mode

Same pole connection:Same pole connection:

eliminate magnetic field by common eliminate magnetic field by common 

modemode



ACCELERATION with 6 bunchesACCELERATION with 6 bunches

��No transition energyNo transition energy

��������Imaginary transition Imaginary transition γγγγγγγγ optics optics 

��Excellent repeatabilityExcellent repeatability

��Low Q cavityLow Q cavity

��������Core of magnetic alloyCore of magnetic alloy

��������Easy frequency modulationEasy frequency modulation



Slow Beam Extraction to Hadron Facility
Jan. 27 2009

Slow Beam Extraction to Slow Beam Extraction to HadronHadron FacilityFacility
Jan. 27 2009Jan. 27 2009

Need more studyNeed more study
��Lower the ripple of Power supplyLower the ripple of Power supply

��Feedback (EQ and RQ)Feedback (EQ and RQ)

��““BOSEBOSE”” feedbackfeedback

StepsStepsStepsStepsStepsStepsStepsSteps

Two shotsTwo shotsTwo shotsTwo shotsTwo shotsTwo shotsTwo shotsTwo shots

22.3022.3022.3022.30����22.35/0.5 sec22.35/0.5 sec22.35/0.5 sec22.35/0.5 sec

100 msec100 msec100 msec100 msec



FEED BACK for SLOW EXTRACTIONFEED BACK for SLOW EXTRACTION

DSP: digital signal processor

RQ: Ripple compensation Q ~10kHzRQ: Ripple compensation Q ~10kHz

EQ: Extraction Q ~300HzEQ: Extraction Q ~300Hz

Noise canceling headphonesNoise canceling headphones

““BOSEBOSE”” project: Challenge to apply active project: Challenge to apply active 

Cancellation of Cancellation of normal mode noisenormal mode noise



Fast Beam Extraction to T2K Beam Line
April 23 2009

22

After ~10 shots for tuning, proton 

beam hit around target center

Horn

Off

Horn

250kA

MR intensity

Proton beam profile monitor along nu beam line

OTR detector just in front of target  (fluorescence plate)

Muon monitor signal

Ionization chamber

Silicon

Scintillator

Muon monitor profile
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2008          2009         2010         2011        2012        2013        2014        2015

H20            H21          H22          H23          H24      H25         H26          H27 

6sec (2.7%)

3.52sec

(4.5%) 3.2sec

(5.0%)

1.0sec (16%)

2.23sec (7.2%)

PMR (8-bunch@30GeV) = 1.6 x PRCS / MRCYCLE

RCS POWER FOR MR

2.47

(6.5%)

★★★★1.7MW
AN EXPECTED BEAM POWER CURVES AN EXPECTED BEAM POWER CURVES 

FOR RCS AND MR FAST BEAM EXTRACTIONFOR RCS AND MR FAST BEAM EXTRACTION

MR POWER AT 30GeV

(maximum cycle with 

existing power supply)   

★★★★ 0.72MW

JFY

( ): Beam transfer ratio from RSC to MR



2007 2008 2009 2010 2011 2012

KEKB : 1 (ab)-1

ILC R&D EDR

Photon Factory
&  upgradeoperation

LHC

1st resultsoperation

J-PARC

construction

ERL R&D

KEK RoadmapKEK Roadmap (July, 2007 : KEK Roadmap Panel led by F. Takasaki)(July, 2007 : KEK Roadmap Panel led by F. Takasaki)

operation & completion of  1st goal

power upgrade

upgrading to Super-KEKB

continue R&D and compact ERL

LHC upgrade

operation

continue R&D

DG DG Atsuto Atsuto SuzukiSuzuki

1.7MW1.7MW



Fermilab Main InjectorFermilab Main InjectorFermilab Main InjectorFermilab Main InjectorFermilab Main InjectorFermilab Main InjectorFermilab Main InjectorFermilab Main Injector

upgradeupgradeupgradeupgradeupgradeupgradeupgradeupgrade：：：：：：：：PAC03PAC03PAC03PAC03PAC03PAC03PAC03PAC03

Beam power does not depend on energyBeam power does not depend on energy

(Beam energy) x (rep. Rate)=constant(Beam energy) x (rep. Rate)=constant

MR magnetMR magnet

>30 GeV >30 GeV 

Saturation startsSaturation starts

excitationexcitation

30GeV30GeV

4040

4545

50GeV50GeV

30GeV30GeV

Technology choice to achieve maximum beamTechnology choice to achieve maximum beam power power 
��Beam energy is 30GeV instead of 50 Beam energy is 30GeV instead of 50 GeVGeV (original design)(original design)

��Compact, symmetric and standardized magnet power supply systemCompact, symmetric and standardized magnet power supply system

��High gradient RF systemHigh gradient RF system
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2008          2009         2010         2011        2012        2013        2014        2015

H20            H21          H22          H23          H24      H25         H26          H27 

6sec (2.7%)

3.52sec

(4.5%) 3.2sec

(5.0%)

1.0sec (16%)

2.23sec (7.2%)

PMR (8-bunch@30GeV) = 1.6 x PRCS / MRCYCLE

RCS POWER FOR MR

2.47

(6.5%)

★★★★1.7MW
AN EXPECTED BEAM POWER CURVES AN EXPECTED BEAM POWER CURVES 

FOR RCS AND MR FAST BEAM EXTRACTIONFOR RCS AND MR FAST BEAM EXTRACTION

MR POWER AT 30GeV

(maximum cycle with 

existing power supply)   

★★★★ 0.72MW

JFY

( ): Beam transfer ratio from RSC to MR



High Rep. Rate for 1.7 MWHigh Rep. Rate for 1.7 MW

Rep. Rate:1Hz for BMRep. Rate:1Hz for BM
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Present: 16 magnets/1 PS High Rep. Rate: 4 magnets/1 PSHigh Rep. Rate: 4 magnets/1 PS

パターン形状パターン形状パターン形状パターン形状パターン形状パターン形状パターン形状パターン形状((sinsinででででででででsmooth)smooth)
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MAIN POWER MODULE

to provide large power

A SYMMETRIC POWER MODULE CIRCUIT AND A SYMMETRIC CABLING CAN BE 

REDUCE COMMON MODE NOISE FOR MAGNETIC FIELD.     

MAIN POWER MODULE

to provide large power

FINE POWER MODULE

provide active filter

FINE POWER MODULE

provide active filter

~10-3

~10-3

~10-4

~10-4

FILTER & 

ENERGY RECOVERY

FILTER & 

ENERGY RECOVERY

DCCT

~10-6

P

N

MAGNETDMAGNETD

A SYMMETRIC CABLING 

A STANDARD POWER SUPPLYA STANDARD POWER SUPPLY

INSERT RIGHT

POSITION 

TRACKING CONTROL

100 kW 100 kW 100 kW 300 kW

EXAMPLE FOR THREE PARALLEL OPERATION



RF acceleration structure at MRRF acceleration structure at MR

ReRe--entrantentrant

cavitycavity

AccelerationAcceleration

gapgap

beambeam

FM core

Water coolingWater cooling

1515kV/gapkV/gap

New materialNew material��������magnetic alloymagnetic alloy

(FINEMET of (FINEMET of Hitach Hitach metals)metals)



•• High Impedance Core: High Impedance Core: ＦＴ３ＬＦＴ３ＬＦＴ３ＬＦＴ３ＬＦＴ３ＬＦＴ３ＬＦＴ３ＬＦＴ３Ｌ ((New type New type 

•• Magnetic field is applied during nanoMagnetic field is applied during nano--crystallize. crystallize. 

•• ReRe--design of Cavity: number of accelerating gap will be increaseddesign of Cavity: number of accelerating gap will be increased

uQf (磁性体コアの特性）

0

2
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10

12

14

0 1 2 3 4 5 6
frequency　（MHｚ）

uQ
f (

G
Hz

)

uQf(FT3L,13um)
uQf(FT3L,18um)
uQf(FT3M,18um)

FT3MFT3M：：：：：：：：Present CorePresent Core

For higher acceleration:For higher acceleration:

��Number of accelerating cavityNumber of accelerating cavity

��Energy gain of each cavityEnergy gain of each cavity

High Impedance Core for 1.7 MWHigh Impedance Core for 1.7 MW

FT3LFT3L：：：：：：：：High Impedance CoreHigh Impedance Core

RF FrequencyRF Frequency

C.C.OhmoriOhmori



μSR @ J-PARC

��FT3MFT3M：：：：：：：：crystallize without magnetic field. Random crystallize without magnetic field. Random 
easy magnetization axiseasy magnetization axis

��FTFT３３３３３３３３LL：：：：：：：：crystallize with magnetic field. Uniform crystallize with magnetic field. Uniform 
easy magnetization axiseasy magnetization axis

渦電流

FT3M

Thickness of core material is also important parameterThickness of core material is also important parameter

B_RF

B-field

FT3L

Effective for FT3LEffective for FT3L

High Impedance CoreHigh Impedance Core C.C.OhmoriOhmori



Conceptual Design of CavityConceptual Design of Cavity

��Accelerating field: Accelerating field: 22.5 kV/m22.5 kV/m→→→→→→→→35 kV/m35 kV/m

�� Number of acc. Gap: Number of acc. Gap: 33→→→→→→→→４４４４４４４４
�� Thickness of core: Thickness of core: 35mm 35mm →→→→→→→→ 25mm25mm

�� Present power supply will be availablePresent power supply will be available

9unit X 60kV = 540kV9unit X 60kV = 540kV （（（（（（（（fundamentalfundamental））））））））
3unit X 66kV = 200kV  3unit X 66kV = 200kV  （（（（（（（（higher harmonicshigher harmonics））））））））

Field Gradient of ferrite and MA cavities
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SummarySummary

��Higher power operation in 2010Higher power operation in 2010
��RCS 300kWRCS 300kW

��MR >100kWMR >100kW

��400MeV 400MeV LinacLinac energy upgrade is essentialenergy upgrade is essential

��RCS 1 MW RCS 1 MW 

��MR 750 kWMR 750 kW

��Installation in 2012Installation in 2012

��R&D toward KEK Road map (MR 1.7 MW)R&D toward KEK Road map (MR 1.7 MW)
��Magnet power supplyMagnet power supply

��Compact, symmetric and standardized systemCompact, symmetric and standardized system

��High gradient RF systemHigh gradient RF system


