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APV Muon Colider Task Force
e Charge from FNAL Director P.Oddone (July 2006):

— “...the Muon Collider represents a possible long term
path for extending the energy frontier in lepton collisions
beyond 1 TeV.

— “...Task Force to develop a plan for an advanced R&D
program aimed at the technologies required to support
the long term prospects of a Muon Collider. “

— requested for September 2006: A report outlining a plan
for developing the Muon Collider concept based on
recent ideas in the realm of ionization cooling

> Initial proposal delivered Sep.2006

— “...to initiate the Muon Collider study, including the
associated cooling channel study and development
program, in 2007.”

» 2007 report and R&D plan in FNAL-TM-2399, Dec’'07
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LPEUIN Muon Collider Design Options

Low emittance option

Very challenging option so far:

- need convincing ideas of how to incorporate RF into HCC

- need proof that HPRF will work under ionizing beam

- needs viable design for the next cooling stages — PIC/REMEX
- needs collider lattice design with necessary parameters

High emittance option

a rather solid ground under the feet, but not without its risks and deficiencies:
- high muon bunch intensity 2-10%?

- slow cooling resulting in poor muon transmission

- high p-driver bunch intensity

MCTF scenario

tries to alleviate the shortcoming of the high emittance option by borrowing some
ideas from the low emittance option:

- faster 6D cooling by using HCC and/or FOFO snake
- bunch merging at high energy (20-30GeV)

- additional cooling using Fernow lattice or PIC (may become possible due to later
bunch merging and lower total intensity)

- increased rep-rate to compensate for reduction in peak luminosity

MCTF Scenario - Y. Alexahin MCD workshop, BNL December 4, 2007



ARC 0

Collider ring:
» Optimization of the collider ring design

» Study of implications of the “dipole first” option for detector protection
» Beam-beam simulations
» Detailing of the design with corrector circuits, injection and collimation systems

FY08 MCTF Design & Simulations Plan

Basic 6D ionization cooling:
¢ “Guggenheim” RFOFO channel:
» More realistic modeling of the magnetic field
» Alternative design with open cell RF cavities with solenoids in the irises
¢ Helical cooling channel
» Design of RF structure which can fit inside the “slinky” helical solenoid
» Design and simulation of the segmented channel
¢ FOFO snake:
» tracking simulations and optimization
¢ Side-by-side comparison of the three structures to choosing the baseline scheme

Final cooling:

¢ Complete design of the 50T channel with required matching between the solenoids
¢ Channel design incorporating Fernow’s lattice with zero magnetic field in RF

¢ Feasibility study of the PIC/REMEX scheme

MCTF Scenario - Y. Alexahin MCD workshop, BNL December 4, 2007




&@ 201 MHz FOFO snake

y solenoids RF cavities

=H=i=H=

LiH absorbers

Cell length =3.2 m, solenoid inner radius = 40cm, Bmax=2.4 T at p=100MeV/c
HPRF cavities 2x16cm long, E=25MV/m, GH2 fill with density 10% of LH2
Emittance decrement 1/25m, equilibrium emittances ~1.5 n-mm
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Recent Design work
B*=1cm, o

o max — 0.7% e Muon Collider Ring Design

175
150 » previously proposed lattice designs
125 analyzed
e > conceptually new design proposed
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e Other work: 6D lonization Cooling Channel Design
» theory of HCC with distributed RF revisited
» new principle of resonant dispersion generation proposed
» schemes for PIC in achromatic ring and HCC analyzed

» effect of SC in PIC and “super-Fernow” channels clarified
MEME T TR0 - B0ksev 8



&@M Acceleration of Muons by ILC-type SC RF
Downstream HOM coupler \ Main coupler

RLA

(—)

/ Current pulses (1" and p~are shifted by A/2)
At

Upstream HOM coupler
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LPGNW Wall plug power estimates

MC1999 HE2008 HE2008 LE2008 LE2008

Collider cm Energy (TeV) 3 1.5 3 % 3
Luminosity (1e34) 7 1 3 3 3.5
Emittance (pi mm mmrad) 50 25 5 2.1 2.1
Rep rate (Hz) 15 13 3 65 32
Muons/beam (1e12) 8 . 2 1 1
PD beam power (MW) 4 ‘ 2 3.6 8
Muon beam power (MW) 57 5 6.24 7.68 15.6 15.36
TOTAL wall plug power (MW 204 60 83 166 158
PD (MW) 16 11 68 35
Bunching Ring(s) (MW) 4 4

Target station (MW) 1 1 1 1
Collection syst. . (M\ /) 4 4

Cooling sys.2n. ' VW) 4 12 2 2
Acceleratio.. ' MW) 130 25 32 81 93
Beamlines 2 4 2 4

March 17-20, 2008 NFMCC CM - Shiltsev




4790000 pWA-ILA for Muon Acceleration

Mini-Workshop at FNAL, Feb 28. 2008
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 Dielectric Wall Acceleration (no ferrite) promises gradients ~100MV/m; novelties:
» SiC photo-switches
» PFL with dielectrics >400MV/m
» High gradient vacuum insulators >100MV/m

e 10cm 10 MeV section test expected in CYO8 (G.Caporaso, LLNL)
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AP0000 FYO8 MCTF Magnets Activities

e Magnet System Concepts for 6-D Cooling in Muon
Collider.

» Superconducting Helical Solenoids 7

» Multi-stage magnet system from 6T to 20 T on
conductor

» Magnet system and RF cavities integration
* Small scale Helical Solenoid demonstration magnet

» Four coils magnet design, fabrication and test

e HTS High Field Solenoids Concepts for Muan Cooling |
Channels \ |

e HTS superconductor properties
P prop .,

i"i
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MCTF Magnets Status and Plans

Significant progress this year, largely through magnet program base
support, Muons Inc. collaboration and support from MCTF/APC

Helical cooling channel design for 6-D cooling advances

Short demonstration HCC magnet will be built and tested in 2008
with support from Muons Inc. and MCTF/APC

HTS conductor studies continue at Fermilab (and elsewhere) on a
range of materials, as a function of field, field angle, temperature

Paper studies of High Field Solenoids show feasibility and difficulties
in building magnets beyond the 40 T range

Plans for a National Program for HTS High Field Conductor
development have begun

Results will be presented at EPACO8 and ASCO8 Conferences
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HCC experimental goals

e The current focus is on

— Develop and simulate a HCC design including RF
cavities, with realistic engineering constraints

— Test high pressure RF cavity with beam
— Build and test a 4 coil HCC model magnet

e The aim is to establish the usefulness of a HCC and
define a prototype HCC section to build and test in
the next few years.

e Desired deliverable by MUTAC time — cost estimate
of the HCC section

— a small group is set up

MeanEd RO - Z¥oBsev
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MTA Beamline

\
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/' T MTA beam project in AD/External Beams
\/ Tl (C. Johnson), budget in APC (A. Bross)
@ «ﬁ .."-“ b
i X APC coordinators:
SN~ - B. Ashmanskas (beam to first beam stop)
<N A. Jansson (beam into hall+ RF re-route)
AN 7*_ B K. Yonehara (experimental requirements)
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~1730000 RF in HCC

S1M Question:How to include RF?
1. RFinside coils?

2. RF in between coils?

How much space is needed
between coil and cavity?

AN
3. RF and HCC separate? } How to match?
coil
: N "

coil support ¥ ~0.8

N
insulating vacuum 04"-1"
/\\/ p=1500 psi
~1.25"

v

55316
membrane stress
Pm

$5316,p=1500 psi,t(shell)=1.25 ", tend=2"

A Jansson, K Yonehara, V Kashikin, M Lamm,
J Theilacker, A Klebaner, D Sun, A Lee, G Romanov,
D Broemmelsiek, G Kutznetsov, A Shemyakin, ...
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HCC simulations

*Early simulations ignored
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Current Budget (MS, fully loaded)

FYO7 Spent

FYO8

Allocated *

MCTF

4.4

4.1

M&S

1.1

0.9

SWF

3.3

3.2

*DoE specified funding cap on all muon
accelerator R&D at Fermilab

March 17-20, 2008
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PPN Fyog M&S (direct) vs Request

Activity FYO7 Spent | FY08 FYO8
Allocated Request

Travel 91 30 80V
HCC Magnet o8 60 230 2
HTS 0 50 200 3
MTA Beamline 573 220 300 4
MUCOOL 50 160 280 )
MICE 160 60 60
MCTF RF 120 ®
6D HCC Section 1007
Mu2e Accel R&D 50 ®
TOTAL 032 580 1420




PG00 Scope of Initial Requests

1) Needed to meet travel needs associated with MICE

2) To move beyond initial “4 coil test” towards building an HCC section.

3) to exploit HTS conductor R&D momentum initiated with SBIR, and to
push ahead with initiating a national HTS magnet collaboration
needed to get our feet on the ground with this technology.

4) The MTA beamline estimate is 300kS. Completing the beamline so
that the first HPRF test can be made in FY08 is a priority.

5) Needed to complete the presently planned MUCOOL RF R&D in FYO8
before the MICE solenoid arrives early FY09 (= scheduling conflict)

6) Needed to extend the RF R&D to explore “magnetic insulation”
against RF breakdown.

7) Needed to begin work towards bench testing an HCC 6D cooling
section ... first step towards a 6D cooling experiment.

8) Beginning — smth that can grow in coming years, and establishes
that accel R&D for expts (as well as machines) is supported by APC



Summary

e Good news — FY08 budget for Muon R&D has
not vanished under severe budget constraints

e Lab’s Major Muon R&D goals in FYOS8 are :

March 17-20, 2008

continue design/simulation efforts;

get 400 MeV beam in MTA;

start high-pressure RF studies with beam;
carry out MUCOOL tests (RF in B-field);
support MICE as planned;

design 6D HCC experiment;

construct 4 test coils;

develop HTS collaboration;

develop a 10+ yr plan that fits FNAL roadmap

NFMCC CM - Shiltsev 21



Future

e Lab’s desired roadmap to intensity
and/or energy frontier :
—Tevatron (-2010) and NOvA (2011-2016)
—Project-X
» R&D 2008-2011, constr 2012-2016
» operation >2017 (to DUSEL?)

— ~2012-13 make a choice for either 4 GeV
NF or MC as next big machine

» do muon accel R&D till 2012-13
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