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PRISM task force

Aims:

® Address the technological challenges in realising an FFAG-based muon-
to-electron conversion experiment,
® Strengthen the R&D for muon accelerators in the context of the

Neutrino Factory and future muon physics experiments.

Areas of work:

® the physics of muon to electron conversion,

@ proton driver,

© pion capture,

® muon beam transport,

@ injection and extraction for PRISM-FFAG ring,

® FFAG ring design including the search for a new improved version,

® FFAG hardware systems R&D.
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PRISM features

® High muon intensity (10'1-1012 p-/s): large 6D acceptance (FFAG),

® Pulsed beam (for background rejection): >100 Hz,
® Low momentum muon (for less scattering backgrounds),
® Quasi-monoenergetic muon beam (for thinner muon-stopping

High Energy

target): phase I'Otati()n, . ? Advanced Phasze

Low Energy
Delayed Phase

® No pion contamination (<10-18), ~150 m in FFAG, beam extinction

between pulses.
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PRISM parameters

Proton Driver:

Proton beam power 1-4 MW
Proton beam energy several GeV
Proton bunch duration 10 ns

Target and pion capture:

Target type solid

Pion capture field 4-10T
Phase rotator:

Reference ©~ momentum 40-68 MeV /c
Momentum acceptance +20%
Acceptance (H/V) 38/5 mm.rad
Harmonic number 1

RF frequency 36 MHz

RF voltage per turn 3-5.5MV
Repetition rate 100-1000 Hz
Final momentum spread +2%
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FFAG accelerator

FIXED FIELD ALTERNATING GRADIENT

& a static guide field

like cyclotrons:

AND

& a strong focusing.

like synchrotrons:
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Zero-chromatic FFAG

Advantages:

© stable optics for very large momentum spread.

® allows a good working point with a large acceptance far
from harmful resonances.

)

» Quasi-zero beam loss!
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Challenges

Compressed bunch beam

© 2 methods established:

© Based on LINAC,

H- linac

®based on high power synchrotrons. ‘
Booster

® Where?
® Fermilab,
®J]-PARC,
© CERN,
®RAL (MW upgrade),
® ESS.
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Challenges

Target and capture system:

@ full synergy with the Neutrino Factory and a Muon Collider
studies.

®requires a detailed study of the effect of the energy deposition
induced by the beam

RF system

®large gradient at the relatively low frequency and multiple

harmonics (the “sawtooth” in shape).
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Challenges

Design of the muon beam matching from the
solenoidal capture to the PRISM FFAG ring.

® very different beam dynamics conditions.

® very large beam emittances and the momentum spread.

® Muon beam injection /extraction into/ from the FFAG ring.
® very large beam emittances and the momentum spread.

® affects the ring design in order to provide the space and the
aperture.
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RF development

® Substantial progress has been achieved in the design of MA cavities using

a new FI3L.
® Large-size MA cores have been successfully fabricated at J-PARC. Those

cores have two times higher
impedance than ordinary FT3M
MA cores.

® For the PRISM RF system in
order to either reduce the core
volume cutting the cost by a factor
of 3 or to increase the field

gradient.
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\ V2 Solenoid-FFAG matching

PRISM

®S-shaped scenario to transport muon beam from

pion production to alternating-gradient channel. ~-

® Matching solenoid, adiabatic switch from

conimumuilf 11 1]

solenoid and 5 quad lenses.

@ dispersions and beta-functions matched in

dedicated transport L™
S
Straight FFAG

Channel. matchingsection &

2t Quad Section and

Dispersion Creator 1 Scaling FFAG ARC

y oo oo | (DispeArsionCreaAtorZ} |

™ can be done without big losses within the 2.5 5 7.5 710 1z.5 15
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Vertical injection with 2 kickers and a septum.

Remain challenging to cancel vertical dispersion for the whole momentum

range.

~2 times
beam radius

chker 2
cicker1 /" 0.0088T
0.0058T /"

e
e

i) 2
Weak kickers can be used
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AVl Injection in FFAG ring (2)

PRISM

Alternative injection scheme

If we can switch off the F magnet...
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AVl Injection in FFAG ring (3)

PRISM

Alternative injection scheme

Inflector, flux

shielding channel?
Circulating F magnet

beam (parallel gap is needed)

Beam can be put on orbit (injected) using kicker(s).

A. Yamamoto et al. | Nuclear Instruments and Methods in Physics Research A 491 (2002 ) 2340

Inspiration from g-2
experiment:

I, ||
|||||w'\J
s
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Phase rotator (1)

©10-cell DFD FFAG ring designed at RCNP, Osaka University.
© FFAG magnet designed, manufactured and tested.
® Phase rotation principle demonstrated with a particles.

® Problems of injection / extraction.

1rad)

i

600 1 - = ,  —

1 Horizontal Phase Space

ur(m

&
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Phase rotator (2)

New magnets with larger Injection Septum
vertical gap (to be designed)

Existing
" PRISM
RF

Injection Kickers 1 nad 2

® Development of insertions
with larger vertical gap

magnets needed in this

Extra(;_tion Kickers 1 nad 2

configuration.
" Extraction Septum

® Possibility to restore the dynamical acceptance.
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Phase rotator (3)
Study of DA for new design

10-cell FDF FFAG

Horizontal Vertical

T 0000000 ¢ -

....... -

>50/>3 mm.mrad (H/V) achieved.
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Kicker study

Preliminary

oFlat top 40/210 ns (injection / extraction)
orise time 80 ns (for extraction)

efall time ~200 ns (for injection)
olength=1.6m '
ob=0.02T

o Aperture: 0.95 m x 0.5
*Wmag=186 ]

oL =3 uH (preliminary)
oImax=16kA
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Conclusion (1)

® PRISM /PRIME aims to probe cLFV with unprecedented

sensitivity (single event - 3x10-19).

® The reference design was proven in many aspects (phase

rotation, magnet design, RF system, etc.) in the accelerator

R&D at RCNP, Osaka University.
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Conclusion (2)

® Vertical injection is proven to be very challenging due to
huge perturbation caused by the septum magnet(s). It seems
we need a new idea for PRISM injection.
® Concept of the inflector vertically separated effectively
“switching off” one of the magnet followed by vertical
kicker looks interesting.
® The difficulty is pushed from optics into the magnet
design.
® This design needs a careful consideration before any

conclusion can be formulated. B Lagrange - nuFACT16



Thank you for your
attention

The PRISM Task Force welcomes you!



