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MUON COLLIDERS: STATUS OF R&D AND FUTURE PLANS

Kirk T. McDonald* Princeton U., Princeton, NJ 0854dr the Muon Collider Collaboratidn

Abstract Table 1. Baseline parameters for muon colliders at 3 TeV,

The case for a future high-energy collider based on muof00 GeV (top factory) and 100 GeV (light Higgs factory).
beams is reviewed briefly.

1 THE Y2K PROBLEM FOR PARTICLE CoM energy (TeV) 3 0.4 0.1
p energy (GeV) 16 16 16
PHYSICS p'sibunch 25e13  2.5e13 513
e Can elementary particle physics prosper for a 2nd cen—g:ncrr'aetz/f'l:z ‘115 ‘115 215
tury with laboratory experiments based on innovative . |\§|W) 4 4 4
icle sources? » power (MW)
partic : u/bunch 2e12 2e12 4e12
n a full range of new phenomen investi 2 1 power (MW) G 4 1
e Can a full range of new phenomena be investigated Wall power (MW) 204 120 81
— Neutrino mass= a 2nd3 x 3 mixing matrix. Collider circum. (m) 6000 1000 350
Precisi di fHi b Ave. bending field (T) 5.2 4.7 3
— Precision studies of Higgs bosons. Depth (m) 500 100 10
— A rich supersymmetric sector (with manifesta- RmsAP/P (%) 0.16 0.14 0.003-0.12
tions of higher dimensions). 6deg (Tm)? 1.7e-10 1.7e-10 1.7e-10
And Rmse,, (x mm-mrad) 50 50 85- 290
— - ANGMOre ... 8%, 0. (cm) 0.3 2.6 4.1-14.1
e Will our investment in future accelerators result in °r ngt WT;) 31-21 216 86'2234
more cost-effective technology, capable of extension‘{_fl ne gr?irf? ) 0 6 44 0 (‘)(21 4 0.05 1 0.022
1, 1 ? . . . = .
to 10’s of TeV of constituent CoM energy*~ Piarme (effective) 785 200 450
; ; —2 —1
Many of us believe that Bluon Collider [1, 2, 3,4,5,6]  -Uminosity cm=s™7)  7e34 1le33  1ledl-12e32
Higgsl/year 2-4e3

is the best answer to the above.

Higgs/year assumes a cross sectioa 5 x 10* fb; a Higgs width

2 WHAT IS A MUON COLLIDER? P =97 MeV: 1 yoar 107 s,

An accelerator complex in which

VLHC 100 TeV pp
(11 — 17 TeV)

e Muons (bothu™ andp™) are collected from pion de- ,/ FNAL\/
cay following apN interaction. N

e Muon phase volume is reduced b§° by ionization
cooling [7, 8].

e The cooled muons are accelerated and then stored in a
ring [9, 10].

NLC e*e” (0.5-1 TeV)

e Higgs w'u™ (0.1 TeV)
@ T (0.4 Tev)

TN
@ "‘,/44'/4’ (3 TeV)

e up~ collisions are observed over the useful muon
life of =~ 1000 turns at any energy.

. . ! BNL N
¢ Intense neutrino beams and spallation neutron beams (I
1

are available as byproducts. L//\’
Pipetron 100 TeV pp

Muons decayu — ev = (11 — 17 TeV)

e Cool muons quickly (stochastic cooling won'tdo).  Figure 1: Comparison of footprints of various future col-

liders.
e Detector backgrounds at LHC level.
e Potential personnel hazard framinteractions. 3 THE CASE FOR A MUON COLLIDER
* medonald@puphep.princeton.edu, http:/puhepl.princeton.edu/mumu® More affordable than amte” collider at the TeV
T http://www.cap.bnl.gov/mumu/mhomepage.html (LHC) scale.
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Proton Source 4 TECHNICAL CHALLENGES

[References in this section are to papers contributed to
PAC'99]

e Proton Driver, 16-GeV, 15 Hz, 4AMW, 1-ns bunch [19].
e Targetry and Capture [28, 32, 35, 49, 51, 53].

¢ Muon Cooling [14, 15, 16, 21, 24, 25, 27, 29, 33, 34,
100 m 36, 42, 48, 50, 52, 54, 55, 56].
—

50 GeV recirculator

Collider

e Acceleration [13, 31, 44, 57].
Figure 2: A First Muon Collider to study light-Higgs pro-
duction.

o More affordable than either a hadron or&re~ col-
lider for (effective) energies beyond the LHC.
o Precision initial state superior evendbe .

— Muon polarization~ 25%, = can determine
Eheam 101077 via g — 2 spin precession [11].

08
Hp: R=0.1%

ee R=1%
06

m, =180 GeV

Figure 4: Muon collider components: A. Proton linac; B.
Proton driver; C. Proton target; D. Capture solenoid; E.
Phase rotation channel; F. Transverse cooling; G. Longitu-
s 35 365 dinal cooling; H. Accelerating linac; I. Arcs of recirculator;
Framica J. Accelerating linac; L. Collider ring.

Figure 3: The effect of beam energy resolution at the
threshold. e Storage rings [17, 18, 37, 38, 39, 40, 41, 43, 47].

¢ Initial machine could produce light Higgs via-
channel [5]:

— Higgs coupling tou is (m,,/m.)? ~ 40,000x
that toe.

— Beam energy resolution at a muon collider
10~%, = can measure Higgs width directly.

— Addrings to 3 TeV later.

Z‘\) o
(w) wvotsaadsiq

¢ Neutrino beams fromy decay about0* hotter than
present.

|
~

L L . . .
0 20 40 60 80
Distance (m)

— Possible initial scenario in a low-energy muon

storage ring [12]. Figure 5: Collider ring lattice near the interaction point.
— Study C'P violation via C P conjugate initial
states: . . .
{ ut o etT, e Interaction region and detector design.
e O ¢ Neutrino beams [22, 26, 30, 45, 46].
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e Capture pions of’; < 200 MeV/cin a 20-T solenoid
magnet.

¢ Transfer the pions into a 1.25-T-solenoid decay chan-
nel.

e Compressr/u bunch energy with rf cavities and de-
liver to muon cooling channel.

Targetry Issues:

¢ 1-ns beam pulse> shock heating of target.

e Eddy currents arise as metal jet enters the capture
magnet.

Figure 6: Tungsten masks around the interaction region.

p Decay Tunnel
| — s, o re——

Muon Storage Ring

Muon Cooler Proton Linac

Figure 7: Sketch of an accelerator complex to produce ne
tl’ino beams Via a muon Storage I’ing. High-speed photographs of mercury jet target for CERN-PS-AA (laboratory tests)

4,000 frames per second, Jet speed: 20 ms-1, diameter: 3 mm, Reynold’s Number:>100,000

A. Poncet

5 MUON COLLIDER R&D PROGRAM

Figure 9: Hg jet studied at CERN, but not in beam or mag-

5.1 Targetry and Capture at a Muon Collidernetic field.
Source

e Targetry area also contains beam dump.

Targetry R&D Goals:

e Long Term: Provide a facility to test key components
of the front-end of a muon collider in realistic beam

r7 ‘ ) conditions.
l3hielding

: : Imatching solensids — e Near Term (1-2 years): Explore viability of a liquid
: ‘supereonducting solenoid - metal jet target in intense, short proton pulses and
" liquid metel target : RE Linae (separately) in strong magnetic fields. (Change target
pr"‘t"“s | d“‘ay solenoids | technology if encounter severe difficulties.)
’ ) metors ! ) e Mid Term (3-4 years): Add 20-T magnetto BNL AGS

beam tests; Test 70-MHz rf cavity (+ 1.25-T magnet)

Figure 8: Baseline targetry scenario using a liquid metal jet  downstream of target; Characterize pion yield.
inside a 20-T magnet.

5.2 lonization Cooling
To achieve useful physics luminosity, a muon collider Th .
e Theory:

must produce abou'* p/sec. y

) e lonization: takes momentum away.
e => 10'° proton/sec onto a high-target— 4 MW

beam power. ¢ RF acceleration: puts momentum back aleraxis.
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et § i, Absorber wedge
ounter .

1.25-20-T Transition Solenoid \ 2T Bent Energy too hlgh S
20-T Pulsed Solen7 / §\\ iﬁl:::;zli -

Target— ([ L —===— s / - % .

Proz)Jn( A ——— P = et Nominal energy ... Equd energies

Beam -MHz rf Cavi fon]

7O-MHz 1T Cavity % Low-Pressure TPC Energy too low

0.7-T Guiding Dipole

Figure 13: Longitudinal/transverse emittance exchange in
a wedge absorber.

\
\\\\\\\\\\\\\\\\\\\\\\\

Figure 10: The proposed facility for targetry R&D at BNL

[58, 59]. Cooling Demonstration Experiment:
Particles are slowed along their path (dE/dx) e Test basic cooling components:
j N — Alternating solenoid lattice, RF cavities, kH
absorber.
= . — Lithium lens (for final cooling).
/ - .
— Dispersion + wedge absorbers to exchange lon-
\\ _ gitudinal and transverse phase space.
\ ¢ Track individual muons; simulate a bunch in software.
shielding
Particles are accelerated longitudinally Muon )
o DOOBUHHHEEE  Beamine
Figure 11: The concept of transverse ionization cooling. E\ Cooling Apparatus R
e = Transverse “cooling”; O’Neill [7] (1956). shielding for primary beam s
This won't work for electrons or protons.
* P shielding for primary beam Larget and
ump

e So use muons: Balbekov [8], Budker [9], Skrinsky

[10], late 1960's. ] E [] E [] E [] E [ E
The Details are Delicate: :ﬂ I I I B

Power Supplies (two floors)

e Use channel of LK absorbers, rf cavities and alter- . _ _ .
nating solenoids (to avoid buildup of angular momenFigure 14: Possible site for the muon cooling experiment

tum). in the Fermilab Meson Hall [60, 61].
,_E\ CcoILs
5 20— = - * .
= LH2 TEMPERATURE

15 - + Laup CONTROL IH X | RF WINDDWLESS CAVITY

]DE LINAC I e | LA i / RF WAVE GUIDE FEED
=] T T

- — a

g  [tyerogen | ‘ = e f f ostmstn assoneLy

%0 05 10 15 20 A ‘

length  (m)

Figure 12: One cell of the cooling channel.

SOLENOI MAGNETS ‘SPACER FLANGE J\-ZF\ELD REVERSAL COLS
(RYOSTAT 15T SOLENOID COIL

e But, the energy spread rises due to “straggling”.

SUPPORT STRUCTURE 70 VESSEL ROUGHING VACUUM PUMP
FLEXIBLE 10 RF CAVITY VACUUM PUNP

e = Must exchange longitudinal and transverse emit-

tance frequently to avoid beam loss due to bunch e ) ) ]
spreading. Figure 15: Side view of three cells of a cooling channel, in-

corporating LH absorbers, 15-T alternating solenoid mag-
¢ Can reduce energy spread by a wedge absorber ahets, and high-gradient 800-MHz rf cavities.
momentum dispersion point:
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RF Solenold Section

TPC Solenold Section # 2

Ro= mm
Rel = 230 mm (all)
Bo=30T Reo = 250 mm (center)
Ri =160 mm
Ro = 400 mm
Rel = 230 mm (center)
Reo= ter)

Reo = 270 mm (center)
Le =750 mm (total)
Le = 575 mm (center)

Bo=30T xis)
Bd = 0.51 T (on axis)
Bp~d4T
Ri =160 mm

(28]
[29]
(30]
(31]
(32]
(33]
(34]
(35]
(36]
[37]
(38]
(39]
[40]

Figure 16: Emittance diagnostics via a bent solenoid speH]

trometer.
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