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Over the last decade there has been significant progress in
developing the concepts & technologies required to create a muon
source that would provide O(102!) muons per year within a 6D-
phase-space that fits within the acceptance of an accelerator.

This enabling R&D opens the way for:

NEUTRINO FACTORIES in which
muons decaying in the straight
section of a storage ring create a
neutrino beam with unique
properties for precision neutrino
oscillation measurements.

MUON COLLIDERS in which
positive & negative muons collide

in a storage ring to produce lepton-
antilepton collisions up to multi-TeV
energies.

Muon Decays

Muon Storage Ring

~1000 turns

before decay
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Muon Collider (MC) & Neutrino Factory (NF) R&D has been
pursued in the U.S. by:

-Neutrino Factory and Muon Collider Collaboration (NFMCC) since 1996
-Fermilab Muon Collider Task Force (MCTF) since 2006

The NFMCC & MCTF R&D programs have been coordinated by
the "Muon Collider Coordination Committee” comprising the
NFMCC+MCTF leadership

The NF part of the R&D has been internationalized, and is
being pursued within the context of the International Design
Study for a Neutrino Factory (IDS-NF) which aspires to deliver
a Reference Design Report by ~2013.

In the U.S. the NFMCC + MCTF activities are being merged
intfo a new national organization (MAP) to pursue MC & NF R&D,
hosted at Fermilab.
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Je. Muon Collider Motivation b
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e If we can build a muon collider, it is an attractive multi-TeV
lepton collider option because muons don't radiate as readily as

electrons (m, / m, ~ 207):

- COMPACT
Fits on laboratory site
- MULTI-PASS ACCELERATION
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S - MULTIPASS COLLISIONSIN 5
A RING (~1000 turns) 2
Relaxed emittance requirements £
& hence relaxed tolerances 3
- NARROW ENERGY SPREAD
Precision scans, kinematic constraints
¢ - TWO DETECTORS (2 IPs)
%l - ATounch ~ 10 ps ... (e.g. 4 TeV collider)
8 Lots of time for readout
o

Backgrounds don't pile up
- (m /my)? = ~40000

Lt —— 3 TeV Muon Collider
| — 3 TeV CLIC

Beamstrahlung in

any e+e- collider
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Enhanced s-channel rates for Higgs-like particles
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# Challenges

Muons are born (t — pv) within a large

phase space
- To obtain luminosities O(1034) cm-2s!, need to reduce
initial phase space by O(10°)

Muons Decay (tq = 21S)
- Everything must be done fast

- Must deal with decay electrons
- Above ~3 TeV, must be careful about decay neutrinos !
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4= Muon Collider Schematic T

FRONT END MUON SOURCE 6D COOLING ACCELERATION RING
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Proton source: 102! muons per / = 3x10% cm-2s-!
Upgr‘aded year that fit M/bunch = 2x1012
PROJECT X (4 within the o(p)/p = 0.1%
MW, 21 ns acceptance of g,n = 25 um
long bunches) an accelerator B* = Bmm

Rep Rate = 12Hz
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In present MC baseline design, Front End is same as for NF
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4= Achievements — Concepts
_ 163 Acceleration (eogacz)
S 0081 Trans. emittance 11, £ | - Low energy: IDS-NF scheme
8 0.06 - - /ﬁ(\ J -High energy: e.g. rapid cycling
o 0.04 1 p/p within 7 k"W 8§ syncrotron — magnet R&D (summers)
5 0.027 accepfnce’ Neuffer _| 4% Collider‘ Rlng (Alexahin, Gianfelice-Wendt)
0 100 200 | - Good progress on 1.5 TeV lattice
Distance from Target (m) with 1.2% momentum acceptance,

Front-End concept (up to initial
cooling) developed & simulated:

- Requires development o
cavities within few Tesla

f RF
fields.

Complete self-consistent 6D
cooling channel concept exists, with
several candidate variants partly

simulated:

- Technologies must be developed &

performance established

I
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42cm I Be RF
window (LBNL)

201 MHz RF cavities for MuCool &

HCC magnet tests MICE R&D (LBNL et al.) HTS cable R&D
(FNAL — TD) (FNAL - TD)
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Steve Geer

Department of Energy’
Office of Science
Washingten, DC 20585

October 2, 2009

Dr. Pier Oddone
Fermi National Accelerator Laboratory
P.0. Box 500

B ia, Mlinois 60510

Dear Dr, Oddone:

Our Office believes that it is timely to mount a concerted national R&D program that
addresses the technical challenges and feasibility issues relevant to the capabilities
needed for future Neutrino Factory and multi-TeV Muoa Collider facilities. This is
consistent with the guidance we obtained from the Accelerator Science Review in
ecember, 2008 and with the envisioned overall national strategy as articulated m the,
R¥ypgrt in 2008.

The “Muon>
presented at the 7 2
December 12, 2008, was pn-p .
Col]:lbom\ on (NFMCC) and the \{uon (ollldcr l'ask l—orcc lM('I'F) on behalf of three
s " DOE lak National L y, Fermi National
Accelerator Laboratory and Lawrence Berkeley National Laboratory. This involved:

A Bross (NEMOC Co-spokesperson)
H.Kirk (NFMCC Co-spokespersan)
M. Zisman (NFMCC Project Manager)

S. Geer (MCTF Co-leader)
V. Shilssev (MCTF Co-leader)

S. Vigdor (BNL, Chair MCOG)
S. Holmes (FNAL. MCOG)
1. Siegrist (LBNL, MCOG)

To proceed 05 a national R&D program, there needs fo be a responsible and accountable
program director and host laboratory that will present, defend and manage an integrated
national R&D plan.

We believe that Fermilab is the natural host laboratory for this initiative because of its
potential as the site of these possible facilities. So, I would Jike you to work with the
Iaboratories and NFMCC and MCTF to determine what an appr\)pnﬂ!:

nt structure might be and who the proposed program director she
envision a structure and ming policy similar to LARP, but other model. buuld be
considered and proposed if believed to be more appropriate and cffective. The new
collsboration management should revisit the proposal previously submitted and modify it

as it deems necessary. A revised proposal, incorporating the new management plan and
detailed schedule and deliverables for the next $ years, should be submitted to OHEP for
review by the collaboration when it is ready.

lease let me know what the proposed nsanagement structure will be and whea OHEP
might expect a revised R&D plan proposal. OHEP would like o review this plan before
the end of calendar year 2009, if possible.

Sincerely,

Dennis Kovar

Assaciate Director of Scieace
for High Energy Physics

cc: . Vigdor, BNL
S. Holmes, FNAL

1, Siegrist, LBL

A_ Bross (FNAL, NFMCC Ce-spokesperson)
H. Kirk (BNL, NFMCC Co-spokesperson)

M. Zisman (LBNL, NFMCC Project Manager)
S. Geer (FNAL, MCTF Co-leader)

V. Shiltsev (FNAL, MCTF Co-leader)

G. Crawford, SC
M. Procario, SC

L. K. Len, SC-2
B. Strauss, SC-25

~

I
EuCARD 1st Annual Meeting

MAP Initiative

Department of Energy

)91 Office of Science
3/ & Washington, DC 20585

Dr. Pier Oddone

Fermi National Accelerator Laboratory

Octcber 2, 2009

nr [)T (_)&i\')ncf

Our Office believes that it is timely to mount a concerted national R&D program that
addresses the technical challenges and feasibility issues relevant to the capabilities
needed for future Neutrino Factory and multi-TeV Muon Clollider facilities. This is
consistent with the guidance we obtained from the Accelerator Science Review in
December, 2008 and with the envisioned overall national strategy as articulated m the PS5
Report in 2008.

‘ Muon Accelerator Program
MAP
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MAP Organization & Proposal
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DOE-OHEP
Program Manager
(tbd) )

p
MUTAC - — MCOG ]__ - L Director
Oddone

G

Technical Board
Institutional Board |

—

L Program Co-Directors
S. Geer; M. Zisman

Program Management
Office

Control

Advice = == =-

“Level 0’

€—

/ Management Council
A. Bross
R. Fernow
A. Jansson
R. Palmer
| l Physics rep. (tbd)

~
Design & Simulations Technolc:g\,r Development System tests | I11 1]
R. Fernow J [ A. Bross A Jansson & Level 1

<“Level 2”

* Interim assignments

Steve Geer

Submitted by Pier Oddone
on behalf of the MAP

collaboration, 1st March
2010.

214 MAP participants (at
birth) from 14 institutions:

ANL, BNL, FNAL, Jlab, LBNL, ORNL,

SLAC, Cornell, lIT, Princeton, UCB,
UCLA, UCR, U-Miss.

Anticipate a DOE-OHEP
review soon.
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# MAP Goals & Deliverables 7&1

rograc®

Deliverables in 6-7 years:
-Muon Collider Design Feasibility Report (FY16)
- Hardware R&D results — technology choice
- MC Cost range (FY16)
- Also contributions to the IDS-NF RDR (FY14)
Will address key R&D issues, including
- Maximum RF gradients in magnetic field
- Magnet designs for cooling, acceltn, collider
- 6D cooling section prototype & bench test
- Full start-to-end simulations based on
technologies in hand, or achievable with a
specified R&D program

Steve Geer EuCARD 1st Annual Meeting RAL 13 April, 2010 12



4= Impact of the MAP Plan

Muon Collider Development
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4 Finally ... T

A rograt®

There is a muon-based vision for Fermilab's future that
leads back to the energy frontier.

Within the next 6-7 years we propose to find out
whether a Muon Collider is feasible, and roughly what it
would cost (cost range), and contribute to the IDS-NF
work (— NF RDR). Muon Collider

Conceptual Layout

There is a new U.S. org-
anization (MAP). The MAP Erpee

Compressor Ring
Reduce size of beam.

proposal builds on past
achievements, & is designed [ENEESIIG
to do what is necessary to |

give Fermilab an attractive [EEsENG—_G_
option if LHC results e

motivate a multi-TeV lepton
collider.
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4= Muon Colliders are Compact Tl

A rograc®

A 4 TeV muon collider would fit on the Fermilab site:

Comparison of Particle Colliders Muon Collider
Conceptual Layout

To reach higher and higher collision energies, scientists have built and proposed larger and larger machines.

Project X
Accelerate hydrogen ions to 8 GeV
using SRF technology.

Compressor Ring
Reduce size of beam.

Target
Collisions lead to muons with energy
of about 200 MeV.

Muon Capture and Cooling
Capture, bunch and cool muons to
create a tight beam.

Initial Acceleration
In a dozen turns, accelerate muons
to 20 GeV.

Recirculating Linear Accelerator
In a number of turns, accelerate
muons up to 2 TeV using SRF
technology.

Collider Ring N Fermilab Site
Bring positive and negative muons

into collision at two locations 100

meters underground.
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From NFMCC to MAP

NOW
(FY10)

Interim
MAP

~10 M$

FY11

MAP

~15 M$ (requested)

4

!
"
First Last couple
~10 years of years
NFMCC
NFMCC T
MCTF
~4 M$ ~9 M$
Steve Geer EuCARD 1st Annual Meeting
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MUCOOL Test Area built at FNAL for ionization cooling component testing:
5T magnet, RF power at 805MHz & 201MHz, LH2 handling capability, 400MeV beam from linac.

—— E MICE Experiment under way
- at RAL: lonization Cooling

Channel proof-of-principle

W
(. S

MICE — upstream beamline
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Staging Options

Steve Geer

Prograc®
Upgraded Project X MUON COLLIDER
TEST FACILITY NEUTRINO
Proton Source Collider PROJECT
Rebunch R&D Hall
O[ Deca.y:. (ﬂg Pre-Accel RLA
Q Q Target Phase Rot. X 0.2-0.8 (1-4 GeV)
& Bunch GeV o 4 GeV
: e
Accumulation & oL Ring NF
' | =
Rebunching 6D Cooling & & !
‘Al
Final Cooling 3 i ‘
1.5 TeV 25 GeV
MUON COLLIDER Muon Acc ~ ‘A NF

MUON COLLIDER

4 TeV

=]
i
Collider Ring g))

4 More Acc
Larger ring

EuCARD 1st Annual Meeting RAL

13 April, 2010

19



# Achievements — Concepts (1)
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- Pal mer Phase rotate

i to 12 bunches

Merge to
single bunch

Front-End concept (up to initial
cooling) developed & simulated:
- Requires development of RF
cavities within few Tesla fields.
Complete self-consistent 6D
cooling channel concept exists, with
several candidate variants partly

—
o
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N 4D doolir-lg
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(el
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. 6D cooling

r Final Transv \
before merge

Longitudinal Emittance (mm rad)

| Coolingin —
simulated: | L BOT solenoids = aftermerge
- TeChHOIOQ'es must be developed & Transverse Emittance(mm rad)

performance established
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MAP Proposal

-\:MP FERMILAB-TM-2459-APC

L ,
7‘[?( R&D PROPOSAL FOR THE NATIONAL (
MUON ACCELERATOR PROGRAM ]

ERevision 5b; February 24, 2010

o PECE

.I'UJ ral
Abstract
This document contzins 3 description of a nmit-vear national R&D program aimed at comipleting
a Design Feastbility Study (DFE) for 2 Muon Collider apd, with intematienal pardcipation, 3
Referapce Design Feport (RDER) for a wuon-based Mewmwo Factory. It also includes the
supporting component development and experimental efforts that will inform the design smdies
and permit an initial down-selection of candidate techoologies for the lonizaton cooling and
accelerafion systems. We intend to carry out this plan with paricipants from the host natonal
laboratory (Femmilzh), those fom collsboradng U5, natonal laboratomes (AML. BWL, Jlab,
LEBML, and SMAL), znd those from a munber of other 7.5, laboratories, universitizs, and SBIR
comparies. The F&D program that we propose will provide the HEP community with detailed
mformatien on firnre facilittes based on mtense beams of mmons—;ihe Mnon Collider and the
MNeutrino Factory. We believe that these facilities offer the promise of exmaordinary physics
capabilities. The Muon Collider presents 3 powerful option to explore the energy fronter and the
Menming Factory zives the oppormumity to perform the mest sensitive nsumino oscilladon
experiments possible, while zlso opening expanded avenmes for the stady of new physics in the
nentring sector. The synergy bemween the owo facilities presents the oppormnity for an exmemely
broad physics program and 8 umique pathway in accelerator faciliies. Cnr work will zive clear
answers to the questons of expactad capabilines and perfonnance of these muon-basad facilities,
and will provide defensible ranges for theiwr cost. This mformation, fogether with the physics
msights gained from the pext-zeneration nenmrino and LHC experiments. will allow the HEP
comnmniry to make well-informed decizions regarding the optimal choice of new facilines. We
believe thar thiz work is 2 crncal pam of any broad swategic program in accelerator BE&D and as
the B'5 panal has recently indicated. 15 essential for the long-tenn health of high-snerzy physics.

'Q-"U:'J rant

Execmiive SWMIMIBTY ... ... .. il
Introduction.. 1
Pressnt *:-tams. 3
Muon Collider DFS T-'Lau_‘. . e 5
Accelerator Design a:ui Sm.'uu]am:-ns -}
Cost Estimation. . 15
Mentrino Factory BDE. . 25
Technology Developrnent 34
BF Systems._.__._._. 34
riE."_'ll.E[: S i7
SummEry of T!cLL:- DEY R.kD Gos.]s 43
Systam Tests 43
MICE Etperu:u.eut . - J— 44
Cooling Section Tests sud Ex]:-erlmeu:: e 47
Universty, Internarional, and SBIR Company 'Jaru-:Jpatmn . 40
Summary.. 50
:'Eﬁereu-:es 51
Appendm 1: '*vI.AP D EANIZACOOW. .. .. S -‘Ll
Appendex 2: Funding Pequest ... I A5
Appendmx 37 Complementary Flysics aud DE BCiOD Srl.d.le e AR

Steve Geer

Submitted by Pier Oddone
on behalf of the MAP

collaboration, 1st March 2010.

214 MAP participants (at
birth) from 14 institutions:

ANL, BNL, FNAL, Jlab, LBNL, ORNL,

SLAC, Cornell, IIT, Princeton, UCB,
UCLA, UCR, U-Miss.

Anticipate a DOE-OHEP
review soon.
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# Physics, Detector & Background Studies

In addition to MC accelerator R&D, a parallel but
coordinated effort is foreseen on physics & detector studies:
-Machine-Detector Interface group within MAP will generate
machine background files for, and "interface” with the
physics-detector activity.
- Physics-detector studies leader will participate in MAP
“management council”.
Detailed detector & Background studies from ~10yrs ago
gave encouraging results. A lot has happened since:
- New MC lattice design
- A decade of detector development
-Greater community expectations for detector performance
New physics, detector, background studies begun:
- Kick-off workshop at FNAL November 2009.
- Rapid progress since then on shielding design (shielding cone
angle reduced from 20deg to 10deg).
-Active detector simulation group now being created.
-Working towards an initial report ~mid-2011.
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