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The Aims of the Muon Accelerator

Program

Muon accelerator R&D is focused
on developing a facility that can
address critical questions spanning
two frontiers...

The Energy Frontier:
with a Muon Collider capable of
reaching multi-TeV CoM energies

and
a Higgs Factory on the border
between these Frontiers

unique
accelerators SPANS 2 FRONTIERS
June 08, 2013 3¢ Fermilab
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Outline

Physics Motivations

Muon Collider Concept

Muon Collider and Neutrino Factory Synergies
The MAP Feasibility Assessment

Concluding Remarks

Backup item (Central part of MAP R&D)
 R&D Challenges
* Recent R&D Highlights
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THE PHYSICS MOTIVATIONS
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 u—an elementary charged lepton:

The Physics Motivations

200 times heavier than the electron
2.2 s lifetime at rest

* Physics potential for the HEP community using muon beams

Tests of Lepton Flavor Violation (mu2e conversion)
Anomalous magnetic moment = hints of new physics (g-2)

Can provide equal fractions of electron

and muon neutrinos at high intensity for
studies of neutrino oscillations — m-senn
the Neutrino Factory concept <

m—enn,

2

m
Offers a large coupling to the “Higgs mechanism” ~ (—’;) =4x10*
m

e

As with an e*e™ collider, a u*u~ collider would offer a precision probe of
fundamental interactions — in contrast to hadron colliders
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Muon Accelerator Physics

Large muon mass strongly

Sup_pr_esses SynChrOtron : :::eu no beamstrahlung
radlatlon e+e- w. beamstrahlung
= Muons can ‘ .
. at much Beamstrahlung in
higher energy than electrons | any ete- collider
= Colliding beams can be of 2
higher quality with reduced - o Ef_'SME/E oc ¥

beamstrahlung

o b , , — .
2900 2920 2940 2960 2980 3000
center of mass energy (GeV)

Short muon lifetime has impacts as we
— Acceleration and storage time of a muon beam is limited
— Collider = a new class of decay backgrounds must be dealt with

Precision beam energy measurement by g-2 allows precision Higgs
width determination

Muon beams produced as tertiary beams: p— 10 —> 7

— Offers key accelerator challenges...
Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



The Physics Needs: Neutrinos (I)

* |n the neutrino sector it is critical to understand:

>0.95

— Ocp

excluded area has CL

— The mass hierarchy

- 923 = TC/4, 623 < TC/4
or 6,5> /4

— Resolve the LSND and other short baseline experimental
anomalies [perhaps using beams from a muon storage
ring (vSTORM) in a short baseline experiment]

— And continue to probe for signs new physics -
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The Physics Needs: Neutrinos (II)

* CP violation physics reach of various facilities

1.0
Can we probe _
the CP violation 081
In the neutrino o
sector at the 5 06
same level as In JECE
the CKM Matrix? B

0.2
0.025 IDS-NF:

CKM 2011

GLoBES 2012

700kW target,

no cooling,

2x108 s running time
10-15 kTon detector
8 Higgs and beyond @ Tohoku Univ.
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& uj‘[o] * Assumes surface operation to be equivalent to
¢ deep underground operation for beam physics

P. Coloma, P. Huber, J. Kopp, W. Winter — article in preparation
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The Physics Needs: Colliders

. Muon Collider
p+u- Collider: Conceptual Layout

Center of Mass energy: 1.5 -6 TeV (3 Tev)
Luminosity > 103* em2 sec! (350 fb!/yr)

Compact facility

* 3 TeV - ring circumference 3.8 km

+ 2 Detectors

Superb Energy Resolution

Mc: 95% luminOSify in dE/E -~ Ool% CLIC Curves. Lucie Linssen, SPC, 15/6/2009
CLIC: 35% luminosity in dE/E ~ 1% ENERGY WHL™ with ISR

Viadimir Shiltsev SCAN

0.20 +B“r[ ichten)

ete with ISR

3 TeV Muon Collider
3 Tev CLIC

e*e with
ISR+BStr

Beamstrahlung in
any e+e- collider

BE/E o 42

EVENT RATE

AN A B B T AT A B TR A A A B RN B B

2900 2950 3000 3050 3100
2020 2040 2950 2980 3000 1020 E (GeV)

Center of mass energy £ (GeV)

Luminosity density L/L_per GeV

Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab




Muon Collider Reach

e For /s <500 GeV
- SM thresholds: Z°h W*W-, top pairs
- Higgs factory (/sx 126 GeV) v

e For /s >500 GeV

- Sensitive to possible Beyond SM physics.
- High luminosity required. v

Cross sections for central (] 6 | > 10°) pair
production ~ R x 86.8 fb/s(in TeV?) (R % 1)
At Js =3 TeV for 100 fb?! ~ 1000 events/(unit of R)

e For/s>1TeV

- Fusion processes important at multi-TeV MC

M
s

o(s) = O]H(M}%

)+ ...

- An Electroweak Boson Collider v/
7
10 Higgs and beyond @ Tohoku Univ.
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Muon Accelerators

Cooling@hannel ~200 MeV
(muon source) MICE 160-240 MeV

Muon®torageRing 3-4 GeV
NSTORM 3.8 GeV
Intensity@FrontierfhFactory 4-10 GeV
FNALNFPhasedFPXPhER) 4-6 GeV
FNALENFPhaseRIFPXAPh2) 4-6 GeV
IDS-NFDesign 10 GeV

Higgs#Factory ~126 GeVXoM
s-Channel@iCollider ~126 GeV[EoM

EnergyF¥rontier@ollider >A TeVXoM
Opt.=A 1.5 TeVidoM
Opt.2 3 TeVioM
Opt.[B 6 TeVaAoM

Higgs/yr
5,000-40,000

Avg.Auminosity
1.2x10%cm™s™
4.4x10*cm™s™
12x10**cm™?s™

Program Baselines
And Potential Staging Steps

*MecaysBiEnAndividualBpecies{ie,AMDrEm)
12 Higgs and beyond @ Tohoku Univ.
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Muon Collider Concept

Muon Collider Block Diagram

Acceleration Collider Ring

Hou
_)(_

— | -
o o
= N
(_U (%))
S D
€ S
3 &
o
(O]
< U

Hg-Jet Target

Capture Solenoid
Decay Channel
Phase Rotator
Final Cooling

Accelerator Types: Linac,
Recirculating Linacs (RLAs),
Rapid Cycling Synchrotrons (RCS)

\ J

1

Proton source: Goal: Collider: Vs =3 TeV
For example PROJECT X Produce a high intensity Circumference 4.5km
at 4 MW, with 2+1 ns long u beam whose 6D phase L = 3x10%* cm=s't
bunches space is reduced by a u/bunch = 2x10%2

factor of ~106-107 from o(p)/p = 0.1%

its value at the EN =25 um, g,=72 mm

production target S =5mm

Rep. Rate =12 Hz
13  Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



Higgs@Factory

MAP Designs for a Muon-Based Higgs

Factory and Energy Frontier Collider

MuonXolliderBaseline@®arameters

rovarat®

Multi-TeV@Baselines

Upgradedr

Initial@ | CoolingB

Formiab Ste Parameter Units Cooling | Combiner
,,,,,,,,,,,,,,,,,,,,,,, CoMEnergy TeV 0.126 0.126 1.5 3.0
Avg.@uminosity 10**em?s™|  0.0017 0.008 1.25 4.4
BeamEnergyBpread % <;o.oo3 0.004D 0.1 0.1
Circumference km—" 0.3 0.3 2.5 4.5
No®fiPs 1 1 1 2 2
Exquisite Energy Repetition®Rate Hz 30 15 15 12
Resolution /B* cm 3.3 1.7(1d0.5-2) |0.5[{0.3-3)
Allows Direct No.@Enuons/bunch 10% 2 4 2 2
Measurement No.Bbunches/beam 1 1 1 1
of Higgs Width Norm.E'rans.Emittance,® [p mm-rad 0.4 0.2 0.025 0.025
Norm.Aong.®Emittance,®, [P mm-rad 1 1.5 70 70
Site Radiation BunchAength,3 cm 5.6 6.3 1 0.5
mitigation with BeamBizeF@AP nmm 150 75 6 3
depth and lattice Beam-beam@®arameterE/AP 0.005 0.02 0.09 0.09
Proton@river@Power MW 4* 4 4 4

design: <10 TeV

14  Higgs and beyond @ Tohoku Univ.
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126 GeV Higgs Factory

1800

1600
2 1400
= 1200

L step=
0.05 fb!
R=0.003%

1000

-.03 -.015 126 +.015 +.03

Vs (GeV)

[p= Lstepz

421 MeV 0.05 fb~!

R=0.003%

Ok .
—.03 —.015 126 +.015 +.03

Vs (GeV)

Han and Liu
hep-ph 1210.7803

Emittance evolution in cooling channel

Longitudinal Emittance (mm)

Required for

102 TeV Colliders

—
o

102

Merge
12—1 bunch

6D Cooling

Required for
Higgs Factory

10°

Transverse Emittance (micron)

Major advantage for Physics of a p*u~ Higgs

Factory: possibility of direct measurement of the
Higgs boson width (I'~4MeV FWHM expected)

15

Higgs and beyond @ Tohoku Univ.
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Reduced cooling:
g,y =0.3m=mm-rad,
8||N :1Tl:mml‘ad

6D Cooling

on

Initial .

Phase Rotat
to 12 bunches

DoE
March, 2013

10*
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Demonstration of cooling channel - I\/IICE

)1 eré.f Caupling, Coil Cold Mass-* I
‘.‘2*";,;" ‘q Bemg Readled for Tralnlng
A'J ’%ﬁd ; :

Currently preparing for
MICE Step IV
Includes:
— Spectrometer Solenoids
— First Focus Coll

Provides:

— Direct measurement of
interactions Wltl‘_]
absorber materials

— Important simulation
Input

\

Spectometer Coll (RFCC)
Solenoids Units

June 08,2013 2= Fermilab



o hoce,
ol K
o

T"}('( Updated 63 x 63 GeV Lattice

o

i

JEm ccs | Matching Section Y Arc
D (m) Al

40 &0 20 100

Optics functions in half ring for *=2.5cm
Parameter

Beam energy 63 P

X P
Average luminosity 103 em2fs 8.0 , '\'\/

Colision energy spread MeV 4 » dispersion

Circumference, C m % \ suppressor b* tuning
Number of IPs - 5 ~_ section

B* - : chromaticity correction
Mumber of muons / bunch sextupoles

MNumber of bunches / beam - One I P |n

Beam energy spread

Nomalized emittance, =, g L th e |ateSt
Longitudinal emittance, £, ; . d es | g n

Bunch length, o,

Beam size atIP, rm.s.

Beam size in IR quads, rm.s.
Beam-beam parameter
Repetition ratz

Proton dnver power

T :
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Parameter

Beam energy

Repetition rate

Average luminosity / IP 103%4/cm?/s
Number of IPs, Np -

Circumference, C km 2.73
B* cm 1 (0.5-2)

Momentum compaction, a, 10° -1.3

Normalized r.m.s. emittance, ¢,y m-mm-mrad 25

Momentum spread, ,/p %

Bunch length, o, cm

Larger chromatic function (Wy) is corrected Number of muons / bunch 1012
first with a single sextupole S1, Wx is
corrected with two sextupoles S2, S4 Number of bunches / beam -

separated by 180° phase advance. Beam-beam parameter / IP, & -

RF voltage at 800 MHz MV

18 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



Wall Plug Power Estimates

Wall Plug Power

Estimate assumes
a base 70MW
Facility Power

requirement as in
LC analyses.

CLIC
CLIC

= Muon Collider

1 Muon Collider
uon Collider
ILC

ic ¥ pwra

PWFA

Muon Collider

1.00 1.50 2.00
C.M. colliding beam energy (TeV)

== |.c =@~CLIC PWFA Muon Collider

19 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermllab




Luminosity Production

Mucn Collider

Luminosity
Metric:

Ndet 2 I—av /Ptot

g

Mucn Collider

10.00

PwFa PWFA

Mucn Collider cliT IL
5.00 HE —

T T T
1.00 1.50 2.00

C.M. colliding beam energy (TeV)

=p=ILC =—l—CLIC PWFA Muon Collider
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MUON COLLIDER AND NEUTRINO
FACTORY SYNERGIES
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Muon Collider - Neutrino Factory

Comparison
NEUTRINO FACTORY

Front End Acceleration i Storage Ring
1.2-5GeV

0.2-1.2 GeV = v Factory Goal:
Q 10 Gev ?l@ O(10%) plyear

~0.75km within the

Proton Driver

|
|

Accumulator
Compressor

Hg-Jet Target
Capture Solenoid
Decay Channel
Phase Rotator
4D Cooler

Accelerator Types: accelerator

Linac, Recirculating

Linac (RLA), FFAG acceptance

Proton Driver Acceleration Collider Ring

wroop
_) (_

|$| Target

Accumulator
Compressor

ECoM
126 GeV

1.5TeV
3 TeV

Hg-Jet Target

Capture Solenoid
Decay Channel
Phase Rotator

Accelerator Types: Linac,
Recirculating Linacs (RLAs),
Rapid Cycling Synchrotrons (RCS)

22  Higgs and beyond @ Tohoku Univ. June 08, 2013 A Fermilab
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Muon Accelerator Staging Study (MASS)

« Two approaches exist:
— A dedicated “green field” construction project

— A staged development based on evolving capabilities at an
existing facility
» Desirable if high quality physics can be produced along the way...
« Can provide clear decision points with well-understood risks for
moving forward

* Incremental deployment of expensive or technically challenging
elements

« 2008 P5 Roadmap called for a “world-leading Intensity
Frontier program centered at Fermilab”

— Can a Muon Accelerator effort support this goal as well as
provide a path to return to an Energy Frontier facility in the US?

— Can a staged Muon Accelerator effort provide both physics
output and the necessary accelerator R&D along the way?

— What are the timescales associated with such an effort?

23  Higgs and beyond @ Tohoku Univ. June 08, 2013 # Ferm“ab



All proposed muon-based accelerators
would easily fit at Fermilab

vSTORM (entry level Neutrino Factory) Intensity Frontier Neutrino Factor

e o Tk o =
= * Z 1 ,___—W—__,M L il e R D6 k
=z R g }:_?) ANilsor Hall— = ,“_v = N - 4 " B

Proton Driver: Neutrino

Linac option Beam

Ring option Muon Decay
= Ring

464 m

'\ /Near Detector Hall

)

N ’
B \

Phase Rotation

Cooling

@ —@r = - ..

Linac to 0.8 GeV 0.8-2.8 GeV RLA

(Crmm)
2.8-10 GeV RLA
> <)
e Also a muon-based Higgs
vSTORM would provide important Factory or Energy Frontier

hysi tput and critical R&D leverage :
Physics output and critical R& 9 Muon Collider InuG——
24 Higgs and beyond @ Tohoku Univ. June 08, 2013 =¢ Fermilab



V,/§ Neutrinos from Stored Muons
~ (arXiv: 1206.0294 (LOI), Fermilab P-1028)

Neutrino Beam

Require the

Development of
ANY
New Technology

vSTORM

Low energy, low luminosity muon storage ring.

Provides with 1.7 x 10'® ™ stored, the following
oscillated event numbers

ve — 1, CC 330
v, — v, NC 47000
- v, — V. NC 74000
% v, CC 122000
10-100kW | =
0-100 f— v, — v, CC 217000

and each of these channels has a more than 10 o
difference from no oscillations

With more than 200 000 ., CC events a %-level v,
NUSTORM Worksho P held Sept 21-22 @ FNAL: cross section measurement should be possible

(

25  Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab


https://indico.fnal.gov/conferenceDisplay.py?confId=5710

26

vStorm as an R&D platform

A high-intensity pulsed muon source

100<p <300 MeV/c muons

— Using extracted beam from ring
— 1019 muons per 1 psec pulse

Beam avalilable simultaneously with
physics operation
— Sterile v search

— v Cross section measurements needed for
ultimate precision in long baseline
measurements

vSTORM also provides the opportunity to
design, build and test decay ring
iInstrumentation (BCT, momentum
spectrometer, polarimeter) to measure
1z::Imd characterize the circulating muon

UX.

Higgs and beyond @ Tohoku Univ.

Total momentum distribution after 3480 mm of Fe

Only 40% of ms decay in straight
Need = absorber

[150.00M]

DECAY RING - PLAN

June 08,2013 2= Fermilab



~ A Muon Accelerator Facility for |

Cutting Edge Physics on the
Intensity and Energy Frontiers
\___Based on Project X Stagell

N4
~~~~~~~ To Homestakey N =
-3 W SN 4

I
~ -~
-~ -
L -~
-~y -y

-~ ~ - 4

~ ~ )
-~ -~ N v

| -. VS

~ =~ X Skl AR

LBNE "N B RLA to 63 GeV +
< ~Sea 300m Higgs Factory
& ) ; ~=30s.
Ao ~‘~:‘
e, ~

Linac + RLA to -5 GeV

N s 4 - e
T < =
e — e
‘ft'_'-;.'.;“_‘ ﬂﬁﬂ _—
) + Muon Beam
1500 1500R&D Facility
|

E)TONORT OTV- |




Advanced

& Indicates a date when

‘ MAP Feasibility
Assessment Systems R&D
| i A
Muon lonization Cooling ‘
Experiment (MICE) |
Prdj X Phll
Proj X Ph 1l

an informed decision
L should be possible

Proj X Ph 1l & IV

\4
age Ring

Evolution tg Full Spec n Factory

v Collider Conceptual
=» Technical Design

v

\ .

Collider Construction =>»
Physics Program

28 Higgs and beyond @ Tohoku Univ.
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THE MAP FEASIBILITY
ASSESSMENT
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The Feasib

Feasibility Assessment: Phase | ‘

FY13 - FY15:

* Identify baseline design
concepts

« |dentify high leverage
alternative concepts

« |dentify key engineering
paths to pursue:
* RF
» High Field Magnets

» Develop critical
engineering concepts (eq,
6D Cooling Cell)

« Support major systems
tests
 MICE Step IV

ility Assessment

Feasibility Assessment. Phase

mm - FY18:

« Technical demonstration
of critical baseline
concepts
* eg, 6D Cooling cell

* Pursue high leverage
alternative concepts

» Assess technical and
cost feasibility of
baseline concepts

« Support major systems
tests
« MICE Step V/VI

\' MICE RFCC

30 Higgs and beyond @ Tohoku Univ.

construction & testing/\

* 6DICE planning

June 08, 2013

Beyond the
Feasibility Assessment

FY19 =

* Plan contingent on
the feasibility
assessment!

« Can we launch the
design effort
towards a staged
implementation of
a NF & MC?

« Advanced systems
tests
« 6DICE?

* Support

2 -ermilab




CONCLUDING REMARKS

31 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fel"milab
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Some Thoughts...

The unique feature of muon accelerators is the ability to provide
cutting edge performance on both the Intensity and Energy Frontiers
— This is well-matched to the direction specified by the P5 panel for Fermilab

— The possibilities for a staged approach make this particularly appealing in a
time of constrained budgets

— vSTORM would represent a critical first step in providing a muon-based
accelerator complex

World leading Intensity Frontier performance could be provided with a
Neutrino Factory based on Project X Phase Il

— This would also provide the necessary foundation for a return to the Energy
Frontier with a muon collider on U.S. soill

A Muon Collider Higgs Factory

— Would provide exquisite energy resolution to directly measure the width of
the Higgs. This capability would be of crucial importance in the MSSM
doublet scenario.

Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



Conclusion

« Through the end of
this decade, the
primary goal of MAP
IS demonstrating the
feasibility of key
concepts needed for
a neutrino factory
and muon collider

= Thus enabling an
Informed decision
on the path forward
for the HEP

| A challenging, but promising, R&D program lies ahead! ]

33 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab
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THE R&D CHALLENGES

34 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fel"milab



|
[ — —
— mu/proton l-“u-=
- - emittance l-

L Tl L SN Looos
- —

transverse emittance (nm-rad)

Distance from Target (m)

« A multi-MW proton source, e.g., Project X, will enable
0O(10%Y) muons/year to be produced, bunched and cooled to
fit within the acceptance of an accelerator.

35 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



Technology Challenges - Target

 The MERIT Experiment at the CERN PS
— Proof-of-principle demonstration of a liquid
Hg jet target in high-field solenoid in Fall "07

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

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

-
\"0

~
o
T

Solenoid Jet Chamber

Secondary Syringe Pump \ /_:-_-‘:_ e

Containment \

Proton

Hg jetin a 15 T solenoid
with measured disruption
length ~ 28 cm

T -
36  Higgs and beyond @ Tohoku Univ. June 08, 2013 & Fermilab




Technology Challenges — Capture Solenoid

* A Neutrino Factory and/or Muon Collider Facility requires
challenging magnet design in several areas:

— Target Capture Solenoid (15-20T with large aperture)
Estoreq ~ 3 GJ

O(10MW) resistive
coil in high radiation
environment

Possible application /B ‘ rcuryPool\/deowTu\nNgast:;l(-:g::'el;?de
for H |g h Tem peratu re / Beam Dump Shield
Superconducting n | =

magnet technology i . Magnets

37 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



echnology Challenges - Cooling

« Tertiary production of muon beams =
— Initial beam emittance intrinsically large
— Cooling mechanism required, but no radiation damping

« Muon Cooling = lonization Cooling

« dE/dx energy loss in materials
* RF to replace p,pq

The Muon lonization
Cooling Experiment:
Demonstrate the | =t e R A R S AT
method and validate i S iP5 S

our simulations S RF-Coupling

Spectrometer™ Coil (RFCC)

Solenoids Units
38 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab




lonization Cooling

e Muons cool via dE/dx in low-Z medl

um

1:_ '@j&'y" T | @ jonization
_oF \;}-% \ oy 3| minimum is
<o \;\ \__—" _~T| =optimal
u” dE dE  dE AR working point:
dx dx dx N p longitudinal +ive
r.f. r.L r.f. r.f. 32 i feedback at
[ S . lower p
[ dE\ b | Sireseing &
—{ — ¥ = p/Me
— Absorbers: E=E dx As "“t'n'!t - “]'I.n S U “f'i'llm reacceleration at
. ) Muon momentum (GeVic) higher p
60— 0 + 9;;3—;6\'“' lonization energy loss
multiple Coulomb scattering
— RF cavities between absorbers replace AE
— Net effect: reduction in p, at constant p,, i.e., transverse cooling
dey | dE,\ ey B (0.014 GeV)?
dey N : :
s B2\ ds | E, 2B°E,m, X, (emittance change per unit length)

39 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



Technology Challenges - Cooling

* Development of a cooling channel design to reduce the 6D phase
space by a factor of O(10%-107) — MC luminosity of O(1034) cm™2 s

el - Some components
beyond state-of-art:

— Very high field HTS
solenoids (230 T)

— High gradient RF
cavities operating
In multi-Tesla fields

R. Palmer )
Emittance

Reduction
via lonization
Cooling

NEW HTS Final
NEW HTS 6D Non-flip
Phase Rotation

€
=
{=70]
=
B
=
L

The program targets
critical magnet and

Longitudinal space charge bound

cooling cell technology
demonstrations within
its feasibility phase.

102 103
Emit trans (micron
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Technology Challenges — RF

* AViable Cooling Channel requires

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

= Large B- and E-fields superimposed

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

— Control RF breakdown in the presence of
high magnetic fields

— The MuCool Test Area (MTA) at Fermilab
IS actively investigating:

« Operation of RF cavities in the relevant
regimes
« Breakdown mitigation techniques

41 Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



RF Breakdown in Magnetic Fields

pf‘ (O

« The RF breakdown could be related by heating through field emission with
external magnetic field and RF field:

— External magnetic field
— Ohmic heating

« Possible solutions
— ExB
— Choice of materials Skin depth
— Surface preparation
— Lower initial temperatures

Flectron beamlet Thermal diffusion

Thermal diffusion

E field contou

Magnetic insulation

42  Higgs and beyond @ Tohoku Univ. June 08, 2013 # Fermilab



Technology Challenges - Acceleration

 Muons require an ultrafast accelerator chain
= Beyond the capability of most machines

 Several solutions for a muon acceleration scheme have
been proposed

> — Superconducting Linacs
4988 — Recirculating Linear Accelerators (RLAS)
4 “\N\& — Fixed-Field Alternating-Gradient (FFAG)
e B O\\N Machines
"« MBP\\X\\  >EMMA at Daresbury Lab is a test of the
> p R\ promising non-scaling type
“\\ — Rapid Cycling Synchrotrons (RCS/VRCYS)

;,e — Hybrid Machines
\\ \
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An Initial Acceleration Scheme: RLAS

244 MeV

0.9 GeV

3.6 GeV | e
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Pre-linac

202 m

RLA |

86 m
0.6 GeV/pass

RLA I

255 m
2 GeV/pass

900 MeV

3.6 GeV

| 12.6 GeV
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201 MHz SCRF R&D

Cavity going into test pit
& in Newman basement
(Cornell University)

P /'/ f I \

3‘,' \4' " : ;f 5 }7,
Neo P %&@r‘:'é ,
: ~ Cauvity lengt
W

Pit: 5m deep X 2.5m dia. [//*

Sl
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Technology & Design Challenges — Ring, Magnets, y{
Detector Te

A,

« Emittances are relatively large, but muons circulate for ~1000
turns before decaying

— Lattice studies for 126 GeV,
1.5 & 3 TeV CoM

MARS energy

B deposition map
for 1.5 TeV

8 collider dipole

« High field dipoles and
guadrupoles must operate
In high-rate muon decay
backgrounds

— Magnet designs under study B

* Detector shielding & performance

— Initial studies for 1.5 TeV, then 3 TeV and
126 GeV

— Shielding configuration

— MARS background simulations f GG,
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Technology Challenges:
Heat Load in Arc Magnets (N. l\/lokhov)

Decay products trajectories : — ¢

20

1.60x10% 1.70x10% 1.80x10% 1.60x10% 1.70x104 1.80x10%

Horizontal view Vertical view Cross-section view

in the ring dipole cold mass @LHe temp 25 W/m - a factor of ~5 too high!
Wrods 80 W/m
in the quadrupole cold mass @LHe temp 38 W/m
in masks between magnets 1.5-3 kW/m

— abandon the open-midplane design, put W absorber inside the dipole bore
— sweep away the decay electrons before they obtain considerable vertical displacement: use
combined-function magnets
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Backgrounds and Detector

Non-ionizing background ~ 0.1 x LHC
40 But crossing interval 10us/25 ns 400 x

Much of the background is soft

and out of time

« Nanosecond time resolution
can reduce backgrounds by
three orders of magnitude

Requires a fast, pixelated

tracker and calorimeter. — °

e EE S A B S E— E—
108 107 109 105 104 103 102 10" 10° 107" 102 103 104 1073 100 1077 108

Z,
cm

Neutron fluence (cm~-2 per bunch x-ing)

Rejection

Tracker hits

Calorimeter
neutrons

Calorimeter
photons ' ns
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RECENT R&D PROGRESS -
SOME HIGHLIGHTS
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MAP Design & Simulation

MAP Design Efforts / High Performance Computing

n*{nscl sull B8

Accelerator EnergyBcale Performance

CoolingThannel ~200 MeV EmittanceReduction
MICE 160-240 MeV g i .m
MuonBtorage®Ring 3-4 GeV l _______
NSTORM 3.8 GeV — -

Intensity@Frontierth@Factory 4-10 GeV sy : / ;‘ v 4
FNALINFPhaseAiPXPhE) 4-6 GeV J\:‘“ e e ) e ) A
FNALBNFPhaseRIFPXPhR 4-6 GeV o’ =2b) ;i el )

IDS—/?FIZDesigrfr 10 GeV * = WP _/ “‘c"’ ‘
. Code Parallelization (G4Beamllne ICOOL)

Higgs®Factory ~126 GeVEoM Higgs/yr
s-Channel@rollider ~126 GeVEoM 4,000-40,000

Energy®Frontiermiollider >A TeVEoM  Avg.Auminosity - Enables Multi-Objective Parallel
Opt.@ 1.5 TeV@oM  1.2x10%’cm?s™ Optimization of Accelerator Designs

> Performance improvements > 104

Opt.2 3 TeV@oM  4.4x10*cm”s™

Opt.B 6 TeV@oM  12x10%’cm?s™ Liquid Hg Jet Targetéc2

- Staging Study (MASS) Contributions

Cooling

Window water- Oooled
Tungsten-Carbide
Shield

Mercur\; Pool
Beam Dump

N Capture Solenoid (15-20T):
e ~3 GJ large aperture magnet
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Recent Progress | - MICE

,Ewﬁ Caupling, Coil Cold Mass-* I
W Being }\Qeadied for Training Miges
2" \ v - -

N

-
= S

~
=
¥
N
W 11

=
e FL k-

)

—
s

Fermilab Solent

FS

Currently preparing for
MICE Step IV
* Includes:
— Spectrometer Solenoids
— First Focus Caoil
* Provides:

— Direct measurement of
interactions Wltl‘_]
absorber materials

p&
— Important simulation ‘

input Spectometer Coll (RFCC)
Solenoids Units
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Breakdown tests with Be and Cu Buttons
* Both reached ~31 MV/m

* Cu button shows significant pitting

* Be button shows minimal damage

= Materials choices offer the possibility
of more robust operation in mangetic



Cavity
(designed for both

vacuum and high
pressure operation)

e Vacuum TestsatB=0T&B=3T
— Two cycles: B, = B; ® B, = B,
* No difference in maximum stable
operating gradient
— Gradient = 25 MV/m
« Demonstrates possibility of successful

operation of vacuum cavities in
magnetic fields with careful design
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E,=

54

Gas-filled cavity

— Can moderate dark current
and breakdown currents in
magnetic fields

— Can contribute to cooling

— |Is loaded, however, by
beam- mduced plasma

10 20 30 40 50

—20-10 0

25 MV/m

Higgs and beyond @ Tohoku Univ.

Recent Progress IV: High Pressure RF

* Electronegative Spemes |
— Dope primary gas

— Can moderate the loading
effects of beam-induced
plasma by scavenging the
relatively mobile electrons

1.0 ‘\ fffff 1%DiryfAir—(O;z%TOZ—)finfGHzi 77777777777777777
' ll Pure GH2

;L% Dry Air..
(0.2% 02)
in GH2 at

¥ ~50x change in |
RF dissipation

10
E,=25MV/m
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Recent Progress V. High Field Magnets

— Progress towards a demonstration of a final
/ l y stage cooling solenoid:
« Demonstrated 15+ T (16+ T on coll)
?“‘ ~25 mm insert HTS solenoid
BNL/PBL YBCO Design
Hilgg)est field ever in HTS-only solenoid (by a factor of

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

l
*ﬁ\ \

BSCCO 2212 Cable - e ——
Transport measurements
show that FNAL cable

attains 105% J, of that of

the single- -strand

D
o
o

.
<
g
X
N
<
N—r

Multi-strand cable
utilizing chemically
compatible alloy
and oxide layer to
minimize cracks

|
C
D
)
1S)
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