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Status of my recent projects
PRISM project is the origin of my interest in 
FFAG. It is an experiment to search the 
muon to electron conversion, which is 
strongly forbidden in the Standard Model of 
the particle physics, with the ultimate 
sensitivity.  
 The experiment needs an very intense and 
monochromatic muon beam. 
μ intensity : 1011~1012 μ-/sec 
momentum : ~40MeV/c with Δp/p of ~±2%
no pion contaminations 3
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Key components of PRISM/PRIME
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B(µ− + Ti → e− + Ti) < 10−18

PRIME
A detector to search 
for µ-e conversion 
processes.

(1) Pion Capture System
It provides an intense muon beam 
(>1012µ-/sec). Pions and muons are 
collected effectively by high solenoidal 
magnetic field produced by 
superconducting magnets. 

(2) Muon Phase Rotator
In order to realize a monochromatic 
muon beam of Δp/p ~ ±2%, a bunch 
rotation is applied in a FFAG ring. It 
also work to decay out the pions in 
the ring. 
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Akira SATO　 　MuSIC 

The 1st pion capture system : MuSIC 

5

at RCNP, Osaka Univ. (Built 2009JFY)

Successfully demonstrated to produce 108µ/sec 
muon beam with 400W (392MeV, 1µs) proton beam.
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MuSIC: Development of the pion capture system
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(1) Pion Capture System
It provides an intense muon beam (>1012µ-/sec). 
Pions and muons are collected effectively by high 
solenoidal magnetic field produced by 
superconducting magnets. 

The 1st Pion Capture System, MuSIC, 
was developed and its performance was 

successfully demonstrated at RCNP, Osaka.

Start COMET experiment
 at J-PARC

A µ-e conversion experiment was 
funded by KEK/J-PARC. The 

experiment named COMET aims 
the  sensitivity of 10-16 without the 

FFAG ring.  

Start construction of µ beamline 
MuSIC-M1 at RCNP

To start muon experiments for 
material science, nuclear physics 
chemical etc, the MuSIC solenoid 

channel was extended with a 
normal conducting beam line.

Working as 
the main detector (CyDet) group leader

Working as 
the responsible person of MuSIC
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Staging approach of the μ-e conv. experiments
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COMET @J-PARC

COMET Phase-I : 
physics run 2017-
BR(μ+Al→e+Al)<7x10-15 @ 90%CL
  *8GeV-3.2kW proton beam, 12 days
      *90deg. bend solenoid, cylindrical detector
      *Background study for the phase2

COMET Phase-II : 
physics run 2019-
BR(μ+Al→e+Al)<6x10-17 @ 90%CL
 *8GeV-56kW proton beam, 2 years
 *180deg. bend solenoid, bend spectrometer,  
   transverse tracker+calorimeter

Stopping
Target

Production 
Target 

Detector Section

Pion-Decay and
Muon-Transport Section

Pion Capture Section
A section to capture pions with a large 
solid angle under a high solenoidal 
magnetic field by superconducting 
maget

A detector to search for 
muon-to-electron conver-
sion processes.

A section to collect muons from 
decay of pions under a solenoi-
dal magnetic field.

Detector Section

Pion-Decay and
Muon-Transport Section

Pion Capture Section
A section to capture pions with a large 
solid angle under a high solenoidal 
magnetic field by superconducting 
maget

A detector to search for 
muon-to-electron conver-
sion processes.

A section to collect muons from 
decay of pions under a solenoi-
dal magnetic field.

Stopping 
Target 

Production 
Target 

2020-
PRISM/PRIME : 
physics run 202X-
BR(μ+Ti→e+Ti)<10-18 @ 90%CL
 *4MW proton beam, 2 years
 *180deg. bend solenoid, bend spectrometer,  
   transverse tracker+calorimeter
 * FFAG as a phase rotator

PRISM

Funded!
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　MuSIC Akira SATO　 　μ-e conversion searches 

COMET : Collaboration
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COMET Collaboration meeting@KEK 26-30 Jan 2015

COMET Collaboration

164 collaborators 
37 institutes, 12 countries

S.Mihara, J-PARC PAC Meeting, 16/Mar/2012

COMET Phase-I
Proto-collaboration

• 107 collaborators
• 25 institutes
• 11 countries
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COMET Collaboration Increasing...
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Akira SATO　 　μ-e conversion searches 

COMET : Status
COMET building completed!
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COMET Building Completed !

Muon Transport Solenoid at J-PARC

Status of J-PARC Run Operation

Tokai&Campus�
SX&

FX&

• J-PARC operation for users 
restarted in November 2014, after 
the J-PARC Hadron Hall accident in 
May, 2013.


• Renovation  of the J-PARC Hadron 
Hall completed in January, 2015, 
and ready for slow extraction.


• Fire accident in MLF, J-PARC in 
January 2015.


• J-PARC operation resumed in the 
end of February, 2015.


• Slow extraction (SX) started in April 
9th, 2015.


• The J-PARC MR expects both SX 
and FX after 2 year shutdown.

Transport solenoid was installed.

15年9月17日木曜日



Akira SATO　 　μ-e conversion searches 

COMET : Status | CyDet
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CDC Construction

Assemble of End Plates and CFRP Outer Wall
5OMET

・Making tapped holes on the exact circle on support ring with  
   the correction ring (to keep the outer wall round) 
・Assemble the end plate and support ring by bolting (96 for each) 
   and adhesion with epoxy bond (same one for CFRP) 
・Measurement of the level of the endplates before and after 
   assemble, and the accuracy is within the designed value (<~0.2mm)

on 20th Mar. @Toho Company

CDC Assemble
4OMET

CFRP outer wall + support ring one of the endplates

discussion how to assemble

・Assemble is done in factory of 東邦工業 
   which produced our end plates 
・

Current CDC 
9OMET

We are looking forward to  
           start wire stringing !

CDC Assemble
4OMET

CFRP outer wall + support ring one of the endplates

discussion how to assemble

・Assemble is done in factory of 東邦工業 
   which produced our end plates 
・

CyDet Endplate

CyDet Outer wall
CyDet assembly CyDet on wire  

stringing assembly

Cylindrical Drift Chamber for e- tracking

15年9月17日木曜日



MuSIC: Development of the pion capture system
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(1) Pion Capture System
It provides an intense muon beam (>1012µ-/sec). 
Pions and muons are collected effectively by high 
solenoidal magnetic field produced by 
superconducting magnets. 

The 1st Pion Capture System, MuSIC, 
was developed and its performance was 

successfully demonstrated at RCNP, Osaka.

Start COMET experiment
 at J-PARC

A µ-e conversion experiment was 
funded by KEK/J-PARC. The 

experiment named COMET aims 
the  sensitivity of 10-16 without the 

FFAG ring.  

Start construction of µ beamline 
MuSIC-M1 at RCNP

To start muon experiments for 
material science, nuclear physics 
chemical etc, the MuSIC solenoid 

channel was extended with a 
normal conducting beam line.

Working as 
the main detector (CyDet) group leader

Working as 
the responsible person of MuSIC

15年9月17日木曜日



Akira SATO　 　MuSIC 

The DC muon beam line in Japan
RCNP-MuSIC-M1
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ST1
ST2

Triplet-Q

Triplet-Q

Triplet-Q

BM1

BM2

Spin rotator

gap 15cm
HV: +- 400kV

L=1.8m

　Goal of the beam performance
Positive muon：DC-μSR
beam size：φ10mm
angle：< 50mrad
intensity：2~4 x 104/sec

Negative muon：nuclear phys. chemi. μ-X
beam size：φ10mm~Φ50mm
angle：< 200mrad
intensity：2x104 ~2x105/sec

Commissioning and beam tunings
　2014, Jul.
　2014, Dec.
　2015, Feb. Jun.

build in 2013JFY

15年9月17日木曜日
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MuSIC-M1: Finalizing beam tuning

13
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Toward the PRISM
- ultimate μ-e 
experiment

15年9月17日木曜日



PRISM-FFAG R&D

15

R&Ds@RCNP
2003.4-2009.3

• PRISM-FFAG was 
disassembled. It is sleeping 
at W-exp hall of RCNP. 
• The PRISM task force was 

formed (Jaroslow’s talk).

15年9月17日木曜日



Issues of the PRISM
There are mainly two issues:
the transport line from the solenoidal pion 
decay channel into the FFAG ring
the injection and extraction system. 

Need to solve
I will show conceptual figures to solve 
some of these issues.

16
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A concept of new PRISM

Muons are decelerated in the μ-FFAG ring. 
V-FFAG or H-FFAG?
Good solutions for extraction? 17

proton-ERIT-FFAG
Ep~600MeV

µ-FFAG
pπ ~100MeV/c
pµ=80MeV/c
  →40MeV/c

proton
Ep~600M

eV

π
- :100M

eV/c

µ- :80→
40M

eV/c

π- decay

µ- 

mono energetic 
40MeV/c µ-

to the µ stopping target 

time (RF phase)

Δp
/p

80±α MeV/c

40MeV/c

bunch rotation 
in the μ-FFAG

15年9月17日木曜日



A concept of new PRISM

A racetrack FFAG is better for the proton ring?
18
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IDS-NF baseline 2010/2.0

After the pion 
production target, it 
has 

buncher, 
phase rotator,
cooling, and 
muon accelerator ...

Very complicated and 
a lot of technical 
challenges !

19
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MERIT + nuSTORM / NF

possible?
Is this work as a NF? μ acceleration is not necessary! 20

π- decay

µ- 

ν beam 

µ+ 

π+ decay

ν beam 

proton-ERIT-FFAG
Ep~60GeV?

• Neutrino energy can be changed by 
changing magnetic field  of the µ-FFAG 
rings.

• It is good for 
• ν-N cross section studies and
•  the leptonic unitary triangle studies.

15年9月17日木曜日



Some comments 
to FFAGs
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Comment 1
We have built many FFAGs and studied many 
things. We also have many unique ideas which 
work with FFAG.
I think it is very important time for future FFAGs, 
because some projects are considering to use 
FFAGs as practical accelerators. eRICH, PRISM,,,
Some people said...
“We can not reproduce performance of real built 
FFAG in computer models”, pointed out by Meot. 
It is very crucial problem.  Performance of practical 
accelerators can be predicted by simulations.  

“We need to demonstrate many aspects of FFAGs” 
22
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Study with booster or ERIT
Most of people are working with 150MeV-FFAG at 
KURRI and Kyushyu-U.
There are many progress in these years.
But, I think still we have a lot of unknown things of the 
150-MeV FFAGs. 
It is the most difficult FFAG, 
yoke free, saturation in the iron
500Gauss stray field at the center of straight section.

There are many  150MeV-FFAG specific issues.
We should categorize the issues to 
(1) FFAG common issues
solve and study the issues with the booster FFAG / ERIT FFAG

(2) 150MeV specific issues
need to work with 150MeV FFAG

23
15年9月17日木曜日



Akira SATO

Scaling FFAGs operated

24

Site Ion Emax

(MeV)
Sector 
type Cell Radius

(m)
First
Beam

Acc.
Scheme Comments

PoP KEK p 1 Radial 8 0.8-1-1 2000 rf The 1st proton FFAG. Accelerate protons 
from 50 keV to 500 keV in 1 msec.

150MeV KEK p 150 Radial 12 4.5-5.2 2003 rf 100 Hz, 90% extraction

ADSR-
Injector 2.5 Spiral

(40°) 8 0.6-1.0 2006 induction

ADSR-
Booster KURRI p 20 Radial 8 1.4-1.7 2006 rf Initial spec : 120 Hz, 1 μA

Later : 1 kHz, 100 μA, 200 MeV

ADSR-
MR 150 Radial 12 4.5-5.1 2008 rf

ERIT KURRI p 11 Radial 8 2.35 2008 rf 70 mA ionization cooling ring to produce 
a neutron beam for BNCT

PRISM-
demo Osaka-U. α 1.0 Radial 6 3.0 2008 rf Demonstrate phase-rotation for the mu-e 

conv. experiment (PRISM)

EB-FFAG NHV Co. e 0.5 Spiral
(30°) 6 0.19-0.44 2008 induction

Prototype of electron FFAG for industrial 
applications 

Radiatron
RadiaBeam 

Technologies, 
LLC (US)

e 5 Radial 12 0.3-0.7 (2008) induction
Prototype of a high power accelerator for 

industrial applications

15年9月17日木曜日



Scaling FFAG
Features of the scaling-FFAG
beam dynamics dose not depends on 
the energy
zero-chromaticity (constant tune)

Magnetic field : 
usually we adjust B at the mid plane.

But most of FFAG has tune variation
I propose to make a magnetic field to 
realize a perfect scaling FFAG. 
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