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Why a Muon Accelerator Program?

Muon accelerator R&D iIs
focused on developing
facilities for two frontiers:

The Energy Frontier:

with a muon collider capable
of reaching the multi-TeV
center-of-mass energies

The Intensity Frontier:

with a neutrino factory
producing well-characterized
n beams for precise, high
sensitivity studies
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The U.S. Muon Accelerator Program

A MAP
I Interim MAP formed October 2009, MAP proposal March 2010.
I A merger of the efforts of 2 groups: the NFMCC and MCTF
I MAP formally approved in March 2011 with the mission:

Ao devel op and demonstrate t he c}v

required to produce, capture, condition, accelerate, and store intense

beams of muons for Muon Colliders and Neutrino Factories.

The goal of MAP is to deliver results that will permit the high-energy

physics community to make an informed choice of the optimal path to a
high-energy lepton collider and/or a next-generation neutrino beam facility.
Coordination with the parallel Muon Collider Physics and Detector Study and
with the International Design Study of a Neutrino Factory will ensure MAP
responsiveness to physics requirements. /
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Priorities

1. Demonstrate the feasibility of key concepts that would allow
us to build a multi-TeV muon collider

2. Continue to develop the critical elements of the neutrino
factory (NF) and muon collider (MC) designs

3. Support the ongoing muon accelerator R&D and MC & NF
concept demonstration

4. Establish close coordination with the detector and HEP
experimental community

5. As able, continue to support fundamental technical
development in the field that has the potential to contribute
significantly to the machine design
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Muon Accelerator Physics

A Large muon mass strongly
suppresses synchrotron
radiation & beamstrahlung

a Muons can be accelerated and
stored using rings at much
higher energy than electrons

a Colliding beams can be of
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Acceleration and storage time of a muon beam is limited
Collider i a new class of decay backgrounds must be dealt with

A é a mndons produced in tertiary beams: p- p- n
I Of fers key accelerator chall en
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Muon Collider Concept

FRONT END MUON SOURCE 6D COOLING ACCELERATION RING

Proton Source 5T o5 = O
OE 0 =29
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Proton source: 1‘ Col Il i d23TeV a
For example 10?1 muons per Circumference = 4.5km
PROJECT X at year within the L =3x10% cm?st?
4 MW, with 2 £1 ns acceptance of mbunch = 2x10 12
long bunches an accelerator : s(p)/p =0.1%
e.,=6000 nm € =25 MM, g,y =70 mm
e, =25 mm b* = 5mm

Rep Rate = 12Hz
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FRONT END MUON SOURCE ACCELERATION RING

NEUTRINO
FACTORY
Proton Source
FRONT END MUON SOURCE 6D COOLING ACCELERATION RING
| MUON
Proton Source D \./ COLLIDER
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In present MC baseline design, Front End is same as for NF
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Technical Challenges 1 Tertiary Production

Target Drift ¢-E Rotator Cooler
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A A multi-MW proton source, e.g., Project X, will enable
O(10%Y) muons/year to be produced, bunched and cooled to
fit within the acceptance of an accelerator.
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Technical Challenges - Target

A The MERIT Experiment at the CERN PS
I Proof-of-principle demonstration of a liquid

i Demonstrated a 20m/s liquid Hg jet injected =
into a 15 T solenoid and hit with a 115
KJ/pulse beam!

a Technology OK for beam powers up to
8 MW with a repetition rate of 70 Hz!

. Solenoid Jet Chamber
Secondary Syringe Pump S

Containment \ [ —| Proton

T

Hg jet in a 15 T solenoid
with measured disruption

; length ~ 28 cm
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Technical Challenges - Cooling

A Tertiary production of muon beams a
I Initial beam emittance intrinsically large
I Cooling mechanism required, but no radiation damping

A Muon Cooling a lonization Cooling

A dE/dx energy loss in materials
A RF to replace pj,

The Muon lonization
Cooling Experiment:
Demonstrate the H P ARy 5. M0
method and validate [ SR TS S0 A=

our simulations R RF-Coupling

Spectrometer™ Coil (RFCC)

Solenoids Units
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ADevelopmenbf a cooling channel design to reduce the 6D phase
space by a factor of O(0Y MC luminosity ofD(164) cm? st

R. Palmer LN A Some components

beyond state-of-art:
I Very high field HTS
solenoids (30-40 T)
I High gradient RF
cavities operating
In multi-Tesla fields

Emittance
Reduction
via lonization
Cooling

NEW HTS Final
NEW HTS 6D Non-flip
Phase Rotation
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The program targets
critical magnet and

Longitudinal space charge bound

cooling cell technical
demonstrations within
its feasibility phase.

102 103
Emit trans (micron
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Technical Challenges T RF

A A Viable Cooling Channel requires

I Strong focusing and a large accelerating gradient to
compensate for the energy loss in absorbers

a Large B- and E-fields superimposed

A Operation of RF cavities in high magnetic fields is a
necessary element for muon cooling

I Control RF breakdown in the presence of
high magnetic fields

I The MuCool Test Area (MTA) at Fermilab
IS actively investigating operation of RF
cavities in the relevant regimes

I Development of concepts to mitigate the
MTA challenges are being actively pursued

Beamline
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Spectrometer Solenoids
15t SS
I Magnet training in progress
2nd SS

I Cold mass and shield being
assembled into vacuum vessel

a Support MICE Step IV (2013-)

Coupling Coills
A First Coupling Coil cold mass being
prepared (at LBNL) for training in

new Solenoid Test Facility (at
FNAL)

a Support MICE Step V/VI (2016-)
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Breakdown tests with Be and Cu Buttons

A Both reached ~31 MV/m at 3T
A Cu button shows significant pitting —
A Be button shows minimal damage 1 | .

a Materials choices offer the possibility
of more robust operation in magnetic

flelds
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Cavity

(designed for both
vacuum and high Oy
pressure operation) T g i

A Vacuum Tests atB=0T&B=3T
I Two cycles: Bja B;a Bja Bj
I Gradient © 25 MV/m with & without
fleld

A Demonstrates possibility of
successful operation of vacuum
cavities in magnetic fields with
careful design
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Recent Progress: High Pressure RF

A Gas-filled cavity A Electronegative Spemes
I Can moderate dark current I Dope primary gas
and breakdown currents in i Can moderate the loading
magnetic fields effects of beam-induced
I Can contribute to cooling plasma by scavenging the
i Is loaded, however, by relatively mobile electrons

beam-induced plasma
T A Om— 17%D§ryfAirf(O;2%§62)inGHZ? fffffffffffffffff

Pure GH2

1% Dry Air_.
(0.2 % 02)

§ ~50% change in |

~26-100 10 20304059 . RF dissipation

E, = 25 MVim
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Recent Progress: High Field Magnets

Proqra

i

. Progress towards a demonstration of a final
stage cooling solenoid:

- ‘)

| ' AR ‘"1 \ B A Demonstrated highest field achieved in a solely
| ‘ LGt | el ] High Temperature Superconducting Coil: 15+ T
= (with 16+ T on coil) T BNL/PBL effort

-

Will soon begin preparations for a test with HTS
Insert + mid-sert in NC solenoid at NHFMLa >30T

\

BSCCO-2212 Cable -

Transport measurements
show that FNAL cable
attains 105% J, of that of
the single-strand
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Multi-strand cable
utilizing chemically
compatible alloy
and oxide layer to
minimize cracks
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