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applications according to personal taste

● Some of the material was developed with Jean-Luc
Biarrotte (IPN Orsay) for a seminar on
superconducting cavities



« Definition » of a High Power Proton LINAC (HPPL) and range 
of applications

HPPL for neutron source

HPPL for Radioactive Ion beams production

Lecture Outlook

PART 1
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HPPL for Nuclear waste treatment

PART 2

Superconducting cavities for HPPL : basics, advantages, 
performances overview and technological challenges



Why high power proton accelerators ?
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Specification for a High Power Proton Accelerator (HPPA)

R.I.B.      νννν& µµµµ Neutrons      Transmutation
(EURISOL)                 (CERN)                          (ESS)                        (DEMO→→→→Industriel)

Î mA 0.1→→→→ 30 10               30→→→→100         10→→→→100

<I>mA 0.1→→→→5 2                 1→→→→ 4               10→→→→ 40

EGeV 0.02→→→→1-2 2                 1→→→→1.3 0.6-1
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EGeV 0.02→→→→1-2 2                 1→→→→1.3 0.6-1

D.C.     100%           20%               6%                 100%

<P>MW 0.1→→→→5 4                 1→→→→ 5              6→→→→ 40

HPPA: Power ranging from 100 kW so sevral MW 



High Power Proton Accelerator used 
for neutron sources produced by spallation
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Condensed matter study: why neutrons ?
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Condensed matter study: why neutrons ?
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J-PARC : Japan Proton Accelerator Research 
Complex (under construction)
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J-PARC (Japan) : Accelerator complex
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J-PARC : Overview

Nuclear 
Transmutation

Joint Project between KEK and JAEA Hadron Experimental 
Facility

Materials and Life Science Experimental 
Facility (MFL)

500 m

Multi-
Purpose 
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J-PARC = Japan Proton Accelerator Research Complex

3 GeV Rapid Cycling 
Synchrotron (RCS)

(25 Hz, 1MW)

Neutrino 
Experimental 

Facility

50 GeV Main Ring 
Synchrotron (MR)

(0.75 MW)

Linac 181 MeV 
(400MeV)

Purpose 
Facility 



J-PARC : Planning
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J-PARC : Pictures

Linac building
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3 GeV building



J-PARC : Pictures

Hadron Hadron Hadron Hadron 

ExperimentalExperimentalExperimentalExperimental

FacilityFacilityFacilityFacility

RCS RCS RCS RCS 

J-PARC Photo
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J-PARC : commissioning

History of beam commissioning

2001 Construction started.

2006 Linac beam commissioning started.

2007 Linac beam energy of 181 MeV was achieved.

RCS beam commissioning started.

RCS beam energy of 3 GeV was achieved.
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2008 MR beam commissioning started.

First proton beams reached to the neutron target.

MR beam energy of 30 GeV was achieved.

First proton beams reached to the Hadron target.

User operation of MLF started.

2009 First proton beams reached to the Neutrino target.



J-PARC : commissioning

Dec. 2010: 

300 kW during 
1 hour of  beam 
power issued 
from the RCS
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100-deg dump

90-deg dump• Major Parameters
– Particles: H-

– Energy: 181 MeV 

(400 MeV for ACS, 600 MeV for SCC)

– Peak current: 30 mA (50 mA for 1MW at 3GeV)

– Repetition: 25 Hz  (additional 25 Hz for ADS)

– Pulse width: 500 µsec

J-PARC : Linac parameters
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Front-end
(7 m)

Debuncher 1SDTLDTL
Debuncher 2

0-deg dump 0.6kW

30-deg dump 0.1kW

Front-end = IS + LEBT+ RFQ + MEBT

(84 m)(27 m)

50 MeV 181 MeV3 MeV
(ACS)

(109 m)
(400 MeV)



J-PARC : Linac pictures

Klystron
RFQ
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QuadrupoleDTL

RFQ



Design Parameters

Energy 400-600 MeV

Frequency 972 MHz

β 0.71-0.79

No. of Cell 9 cell/cavity

No. of Cavity 2 cavity/cryomodule

No. of Cryomodule 11 cryomodules

600MeV

RCSACS Facility
Preliminary design of SC proton linac

J-PARC : The SC Linac parameters
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No. of Cryomodule 11 cryomodules

Length 57.7 m

Surface Peak Field 30 MV/m

Accelerating Field 9.7-11.1MV/m

Synchronous Phase -30 deg

No. of Klystron 11 klystrons

Total RF Power 10 MW

Loaded Q ~500,000 400MeV

Amplitude and phase stability (±1% & 1deg) in pulsed operation



•Two 9-cell elliptical cavities of β=0.725 at 2K (972 MHz)

•Stiff structure for cavity and tuner to reduce Lorentz force detuning

•80K thermal shield by LN2 and 5K thermal intercept by LHe

Vacuum Vessel
Magnetic Shield

LHe Reservoir Tank

Superconducting Cavity

RF Power Coupler

J-PARC : The SC Linac cryomodule
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Cavity Support

Thermal Shield (80K)

Higher Order Mode Coupler

Tuner

Beam Axis



Radiation
shieldJoint Box

J-PARC SC Linac : R&D on 972 MHz cryomodule
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Cryomodule

Valve Box

Waveguide
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Cavity Phase for several pulses during ~1min

(Eacc~10MV/m, Pulse length:1ms, Repetition:25Hz)
@2.1K

@4.2K

J-PARC SC Linac : R&D on 972 MHz cryomodule
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� Phase stability < ±1 deg

� Changing slowly

�Control of LHe vessel pressure &

automatic tuning system

� Phase stability < ±5 deg

� Scattering significantly

(Microphonics ?)

(Bubbling of He ?)

Phase stability of ±1deg is realized in 2K operation, impossible at 4.2 K



SNS : Spallation Neutron Source 
Oakridge, Tennessee, USA
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(under commissioning)



SNS : the US spallation neutron source
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SNS layout
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SNS : Main parameters
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SNS : Main parameters
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SNS : Planning
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Commissioning of the accelerator at low power (10 kW) achieved 
in May 2006. Next phase is the power ramping up to 1. 4 MW.
Present status is around 1 MW



SNS : aerial views
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End 1999

End 2000



SNS : aerial views
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2006



SNS : Linac pictures

RFQ
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DTL



SNS : Linac pictures : SC cryomodules
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SNS : Design vs achieved parameters (oct. 2009)

Sébastien Bousson, High Power Proton Linac, JUAS, Archamps, 8th March 2012 - 34 -



SNS : Design vs achieved parameters

SNS Linac : Achieved accelerating gradients in SC cavities
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Future : finish commissioning up to 1.4 MW. 
Upgrades plans:beam power upgrade to 3 MW with increasing beam energy from 1.0 GeV to 
1.3 GeV (adding 9 additional high-beta cryomodules) and by increasing beam current from 38 
mA to 59 mA.



ESS : European Spallation Source 
(Lund, Sweden)
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(Lund, Sweden)

(project just approuved)



ESS : the European Spallation Source
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OECD: « a high power spallation source in each global region »

ESS : the European Spallation Source
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ESS : the European Spallation Source
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ESS : the European Spallation Source
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Technical objective:

5 MW long pulse source
(Upgrade 7.5 MW)

Long pulse (~2 ms)
20 Hz rep rate
Protons beam

ESS : the European Spallation Source
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Protons beam

High reliability (>95%)
Low losses



ESS : the European Spallation Source
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� This architecture is mainly an evolution of the SNS linac with less critical 
subsystems: H- source, fast chopping, Pils RFQ, ring injection.
� Main innovation (risk?): Spoke Resonators are used to enhance the flexibility 
and the accelerating efficiency at medium energy.
� More robust than 2003 design: lower peak current for the same power (higher 
energy) without any extra length (power coupler limitation) and no funnelling.



ESS : the European Spallation Source

Project planning
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