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Outline

e International Collaboration
e MUCOOL in NFMCC
*MICE
¢(Scaling) FFAG Studies in Japan
eERIT FFAG for neutron sources at KURRI,
Kyoto University
e PRISM FFAG for muon phase rotation at
Osaka University
eSummary
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International Collaboration

*NFMCC
e The Japanese group has joined the MUCOOL studies
since 2000.
e Major contributions are the development of liquid
hydrogen absorbers of convection type.
* MICE
® The Japanese group has joined the MICE collaboration
from the beginning.

¢ |SS/IDS Studies






o/'

Contribution to NFMCC 2%
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e The Japanese group has participated in NFMCC since 2000.
using the US-Japan Collaboration Program.
e Major area of our contribution is the construction of liquid
hydrogen (LH2) absorber for MUCOOL
e Convection type absorber
e He gas exchanger removes heats from the absorber wall.
e Advantages:
e simple, less LH2
¢ Disadvantages:
e |ess cooling power (need prototype.
e MICE uses convection type.

Cold—He



Cooling Test at MTA@FNAL @J a 't s

KEK LH2 absorber test - Evolution of LH2 temperature gradient versus applied power
(with +/- 5% error)
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. Temperature gradient (TC-106-H - TC-110-H) versus applied heat for
Temperature rise of several LH2 absorber bath temperatures.

2.4 Ktor 20 W, and dT=2.3 K for 20 W > dT=9 K for 78 W
LH2 has 9 K range. (T =23K, T.. =14K)

max

Heat road up to 70 kW can be taken by convection cooling.



US-Japan Program

¢ \We obtained the budget from the US-Japan program
(between DOE and MEXT in Japan, and funded by MEXT)
since JFY 2000.
e Qur proposal for JFY 2008 is also turned down.
e Since JFY 2007, the total budget of the US-Japan became
half and the competition became harder.
* Need to looking for other budgets ?
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MICE Test LH2 Absorber at KEK

H2 gas tank

Cryocooler (2000 1)

® Bendix 18 pin
® connector x2

TMP

H2 press.
transducer
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(Scaling) FFAG R&D
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FFAG-based
Scheme

¢ Japanese scheme of a
neutrino factory is based
on scaling FFAGs.

e proposed in 2000.

¢ a study report in 2001.

e series of FFAG rings
¢(0.3-1/1-3/3-10/10-20
GeV/c
e Advantages
* |arge acceptance
® quick acceleration
¢ cooling is not a must
(but better if cooling is
available.

FFAG-I
0.3-1GeVic

NuFACT-J

100m

Muon Acceleration based on
a series of FFAGs

Proton Driver v beam

Hg Target o
Capture
Drift

Storage
Ring /

Buncher
Bunch Rotatiorf’
Cooling

S8 Design (227,
cooe) 7"

Dogbone

15_50GeV Acceleration
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Types of FFAG

» Scaling type FFAG * Non-scaling type FFAG
e pbetatron tune : constant e pbetatron tune : not
(zero chromaticity) constant
* non-linear field elements * [inear field elements
Scaling FFAG  Radial-sector Spiral

B(r,0) = Bi<f>kF(9 — nln—.)
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Scaling FFAG R&D in Japan

e Past
e KEK
¢ 500 keV Proof-of-Principle (POP) machine (2000)
¢ 150 MeV proton FFAG (2006)
® Present
e KURRI, Kyoto University
* Accelerator Driven System (ADS) (2007)
¢ 3 FFAG rings + reactor
e FFAG for neutron sources (ABNS) (2008)
¢ ERIT (emittance/energy recovery internal target)
e storage ring + internal target
e Osaka University
e PRISM FFAG for muon storage ring (2008)
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FFAGs at KURRI, Kyoto University

15



Status of ADS FFAG

e [njector Ring (Spiral- e Booster Ring
induction FFAG) e completed June, 2006.
e completed in Jan., 2006. eE=11.5 MeV, |=0.8 nA
o[F=1.2 MeV, |=50 nA e Main Ring
® under commissioning

Innovation Research Laboratory KUCA Building

Booster (20MeV)
-

e -
3 Injector(0.2-2.5MaV) &
B, 2 P, e I it
main ring (150MeV) _" lf-f' o 4

- P »
. 3.7
" -
00 )
S

»

£ '.\b" - 1 -
_ A
//"""" . - _‘ .v - - oo Thad 35
) Fo i e S —r
- W

16



Neutron Sources with Internal Target : FFAG-
ERIT at KURRI, Kyoto University

¢ ERIT = Emittance / Energy Recovery Internal Target

¢ neutron source from internal target in the proton FFAG

e internal target (Be foil) and RF

e need large acceptance _AE N=3x10'3 n/sec

injector (proton Linac) negative 70keV neutron
hydorogen beam —— —

la(ave. beam current)

hegative 50micro-A
hydrogen ion

source

Proton acceleration was
completed, and neutrons from N
internal target were observed +AE

iIn March 2008. U

Is(circulating beam

current)
50mA

internal target
Be ~10um

re-acceleration by rf
Erf ~ 200kV
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PRISM-FFAG for Muons
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COMET/PRISM Projects in Japan

COMET

Pion Capture Section
A section to capture pions with a
large solid angle under a high

PW&H%
\\\ solenoidal magnetic field by super-

Production  conducting magnet.
Target

W

iy,

eI

W
3
o
=}
w
3> T
o 3
= =
=& m
=y

Muons

Vit

7)
/////WUUmlllllilililiﬂﬂDDDHHDDDDD oan0e

N

I =T
5]
3
|w)
= @
o]
)
<
So
2
Aa
93]
=
= o O
= €2
7
4./'
g
R
R
‘\
AN
8
»
P
4
4
7

sect t llect m
rom decay of pions under a
solenoidal magnetic field.
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B(p~ + Al — e + Al) <107 1°

e\vithout a muon storage ring.

e\ith a slowly-extracted pulsed proton beam.
edoable at the J-PARC NP Hall.

ercgarded as the first phase / MECO type
e[Early realization

iy

By~ +Ti—e +Ti) <107

e\with a muon storage ring.

e\vith a fast-extracted pulsed proton beam.
eneed a new beam line and experimental hall.
ercgarded as the second phase.

eUltimate search
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PRISM FFAG Ring

e use a FFAG ring to store
muons.
e phase rotation to make
narrow energy spread
* climinate pions.
® being constructed at
Osaka University for
2003-2007.
¢ a scaling FFAG
e |arge acceptance
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PRISM FFAG ring construction
has been started in 2003.
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PRISM FFAG Magnets =

e radial sector with C-type
yoke
o D-F-D triplet
e machined pole shape to
create field gradient (k)

¢ trim coils for variable k
values (future)

e vertical tune : F/D
e horizontal tune : kK value

* magnetic field design :
TOSCA

Pl g .
ﬁm Ce Ly
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Alpha Particle Tracking with One Magnet Cell

Purpose: study beam dynamics at large

muon 68 MeV/c =
alpha particle 2.5 MeV.

Injector

—
AIpha-raykou rce
241 Am

\\

A-ray position

detector
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Transfer Map with Truncated Taylor Expansion

X truncated Taylor expansion of higher orders

Transfer map e
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Tunes (and amplitude dependence) from
transfer map and Zgoubi agree one another.

to include non-linearity

Xo(1) =) R Xp(0) + > Tupe Xp(0) X (0)+

b,c

Z UabeaXp(0) X(0) X4(0) + - - -,

® advantages of this method

® 3D magnetic field
measurement Is not
needed.

® Only one magnet would
give the performance of
the ring.
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o6 Sector PRISM-FFAG
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Demo. of Phase Rotation with a-particles =
Purpose: study demonstration ) ]
of phase rotation with a 6-cell
rng with one RF cavity by : ]
single alpha particle tracking. e
 6-sector FFAG ring o 2

* PRISM-FFAG Magnet x 6. RF x 1 wl Py=9OMeVIC ]
e Beam : x-particles from radioactive isotopes | RF 100kV/m 2MHz Sawtooth |

o 211AmM 5.48MeV(200MeV/c) T e e e e

e — degrade to 85MeV/c

e small emittance by collimators
¢ pulsing by electrostatic kickers
e Detector:
e Scintillator
e position
e Solid state detector
e energy (50 kV resolution)
¢ timing (50 nsec)




6-sector PRISM FFAG
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RF for 6-sector PRISM FFAG >

SELECT
OQUADRANT

DEFINE
PLOT

L OP PARNS
(MKRS etc)

| © 2.00MHz
| ®2.85MHz

gap1 Vpp (kV)
N
S
b=y

4NN=409Q /
U= TUOQOR V/TITI

25 35 45 55 6.5 75
Input Vpp x a (V)

RF system for 6 sector PRISM-FFAG
has been developed.
100kV/m @ 2MHz is promising.
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Alpha Particle Injector and Detector e

Alpha particle injector Alpha particle detectors

Plastic scintillator with ZnS with both-
end readout for position measurement

In addition, a SSD detector
for energy measurement
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The First Alpha Events in the 6-Cell >
PRISM-FFAG Ring.

The first alpha events were detected on the 28 March, 2008.
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PRISM FFAG Test at RCNP, Osaka University

e Research Center for Nuclear e The plan is to install the PRISM
Physics (RCNP), Osaka University FFAG ring at RCNP to produce
has a cyclotron of 420 MeV. The muons.

energy is above pion threshold. e Budget request is under preparation
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' Close collaboration between NFMCC and the
' Japanese groups has been established.
Further development should lbe pursued,
despite limited resources.




End of My Talk.
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