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 Muons are fundamental particles, so same
advantage as e*e colliders:
[1 Energy of interaction is full energy of particle, not of
constituent quarks or gluons (factor ~10)
« Synchrotron radiation by muons is less than for
electrons by factor of (mg/m )*=6 x107"°

[1 Energy lost by synchrotron radiation must be put
back

by rf power (cost of power for operation)
0 Muon beam can have narrow energy spread (2107°)
[1 High energy collider can be much smaller!
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HIGH ENERGY PHYSICS AMSTERDAM

* Muons decay:

;r—)e—vﬂl_/e or ,L[F—>e+17ﬂve

« A muon storage ring can produce 10'° to 102

muon decays per year
[1 The stored muons can have energy 20-50 GeV

[1 The stored muons can be polarized
[1 There is no comparable source of electron
neutrinos and antineutrinos

[I Intense beams of neutrinos can be produced to
study neutrino oscillations and possible CP

violation
[1 A Neutrino Factory
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il NEUTRINO OSCILLATIONS

315t INTERNATIONAL CONFERENCE ON Muon Collaboration
* A neutrino factory can L = 2800 km, sin? 26,,=0.04
| 021 T T T
measure :

[ 845 fromv, > v

1 The sign of Angz using
matter effects

[1 CP violation in the
leptonic sector if sin?(26;),
sin%(26,,) and Am?,, are
sufficiently large

Muons per 107 sec vear
S,
+Hh

Comprornised by rnuon
detection threshold = 4 GeV
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NEUTRINO FACTORY .
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HIGH ENERGY PHYSICS AMSTERDAM

Schematic of a Neutrino Factory
Two detailed feasibility — Study Il Version

Studies carried out:

proton driver

° FeaSIblllty StUdy | Induction linac No.1 tal-'gv:et "
. 100 mini—cooling
at Fermilab S DO 3.5mof LH . 10 m drift
Induction linac No.2
° FeaSIb”Ity StUdy 1 dri%PBglm bunching 56 m
at Brookhaven Induction linac No.3 cooling 108 m
. 80 m ;
Nathnal Lab Linac 2.5 GeV
V beam
Recirculator Linac U . :
storage rin
2.5 -20GeV 5 Gegv 5
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NEUTRINO FACTORY FEASIBILITY N
STUDY II: Target and Capture

W SE Calls
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Target, capture solenoids ol —

Cu les
’ . Hg Containment
and mercury containment - 4 |E Be Window
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_!H’| —1

Hg Pool
-1k

BNL Experiment E951: |;'.7.;m [m;““ i

{ernd

raclii

1-cm-diameter Hg jet in 2 ><1O12 protons att=0, 0.75, 2, 7, 18 ms
ICHEPO2 24 — 31 July 2002, Amsterdam Gail G. Hanson 7



NEUTRINO FACTORY
FEASIBILITY STUDY II: oo

Cooling channel: COOlmg

solenoidal focusing
(SFOFO) Simulation results:

LH, Absorber

Transverse & Long Emittance
1= (Normalized)

T rr oy rpr-rpr - r1 b1
0 0 A} ) B 164 120 140 (m.)

* E2DNmm.mEad.) “ BLong{ct. mBad.)

Magnet Coil 201.25 MHz RF Cavity
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3 WHY MUON COLLIDERS?
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S-CHANNEL HIGGS PRODUCTION
The Higgs boson couples to 10° —
mass, SO cross section at s- 107 5
channel Higgs pole is very o

large (Fig.)

[ Small beam energy
spread can allow ;
measurement of my to few ~ 1°

hundred keV 2

[1 Direct measurement of L e TR e
Higgs width 7, to ~ 1 MeV [ GV

[1 A Higgs Factory (From T. Han, talk at FNAL, May 22, 1998)
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For larger values of tan f,
the heavy Higgs bosons
HO, A may have couplings
to gauge bosons
suppressed.

We might need a muon
collider to discover them.
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HIGGS FACTORY PARAMETERS

o
Baseline parameter s for Higgs factory muo ncollider. Higgs/year assumes a

st INTERNATIONAL conreRincE o CTOSS 8 ection of 5 x10 fb, Higgs wi dthof 2.7 MeV, 1year = 10" s. From “Status Muon Collaboration
HIGH ENERGY PHYSICS AMSTERDAM of Muon Collider Researchand Development and F uture Plans,” M uon Collider
Collabo ration, C. M. Ankenbran dt et al., Phys. Rev. ST Accel. Beam s 2,0 81001

(1999) .
COM energy (TeV) 0.1
penergy(GeV) 16
p’s/bu nch 5x10 "3
B un che s/fill 2
Rep. rate (Hz) 15
p power (MW ) 4
u/ bunch 4 x 1012
upower (MW ) 1
Wall power (MW) 81
Collider circum. (m) 350
Av e be ndingfield (T) 3
rms Sp/p (%) 0.12 0.01 0.003
6D g4y (1m)° 1.7 x 10 71° 1.7 x 10710 1.7 x 10710
rms g, (r mm mrad) 85 195 290
B (cm) 4.1 9.4 14. 1
o, (cm) 4.1 9.4 14. 1
c,spot (um) 86 196 294
oo IP (mrad) 2.1 2.1 2.1
Tune shift 0.0 51 0.0 22 0.015
Nwums (effe ctive) 450 450 450
Luminosity (cm 2 s~ ") 12 x 1032 2.2 x 10%" 103"
Higg s/yr 1.9 x 103 4 x10°3 39 x10°
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315t INTERNATIONAL CONFERENCE ON i i i “ i
315t INTERNATIONAL CONFERENCE ONBaiselline parameters for high energy muon colliders. From “Status of Muon Collider

N

Research and Development and Future Plans,” Muon Collider Collaboration, C. M.
Ankenbrandt et al., Phys. Rev. ST Accel. Beams 2, 081001 (1999).

COM energy (TeV) 0.4 3.0

p energy (GeV) 16 16
p’s/bunch 2.5%x10™ 2.5%x 10"
Bunchesffill 4 4
Rep. rate (Hz) 15 15

p power (MW) 4 4

u/ bunch 2 x 10'? 2 x 10'?
u power (MW) 4 28
Wall power (MW) 120 204
Collider circum. (m) 1000 6000
Ave bending field (T) 4.7 5.2
rms dp/p (%) 0.14 0.16
6D g4 (1)’ 1.7 x 10710 1.7 x1071°
rms g, (. mm mrad) 50 50

B (cm) 2.6 0.3
o, (cm) 2.6 0.3
o, spot (um) 2.6 3.2
o, IP (mrad) 1.0 1.1
Tune shift 0.044 0.044
Nyms (effective) 700 785
Luminosity (cm2s™") 10% 7 x 10%
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i POSSIBLE HIGGS FACTORY %‘%
o oM o SCHEMATIC Muon Collaboration

Proton Linac

Ring Cooler Higgs Factory:

* One of the most crucial
R&D issues for a muon
collider is “cooling” the Ring Cooler
muons — making the beam ™
smaller in 6D phase space

-+—Proton Driver

FFAG
4+~ 1 Phase rotation
u Cooling

<—Ring Cooler

& Higgs Factory
Cooling Ring

Race Track
Linac —»
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Emittance exchange overview

Dipole (bend)
L B =
£
p—beam % £
‘ =
Bp z
ﬂ |
W
Dipole X—>% +1 3pp Wedge Absorber
introduces

d d
dispersion () reduces energy sprea

COOLING

]
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1000 p—r—r—rrr - —rrr r
s SRAST ~_ Start
100 g3 TeV FS1FLS 3
C & FS1FO31
Collider NEPJK ]
", &g, contour VBHEL5-
B Baseline 1
10 scenario - Ring Cooler -
100 GeV
1 B

0.1

gy [mmMm ]
x 100 cooling needed in each transverse and in longitudinal

direction (~10° in 6D emittance) compared with u’s from «
decay.
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Atls oy —— X emittance (cm)

6.68 m - —— Y emittance (cm)
Bending mdgnet R ~— Z emittance (cm)
45 deg,R =52 cm 5 | \ —— Trans. w/o decay
- Solenoid coils D 1.85 m 3 Trans. with decay

D\A

! [ [ [111]
—[[[[II]]]

—= Direct. of magnetic field j,
B [.H2 main absorber
-— LiH wedge absorber

205 MHz cavity
1.744 m

0 N
0 5 10 15
‘<| | | | | | | | | ’ Revolution number

Emittance or transmission

\IIHIHI*IIHIHI\
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Performance

Simulation done with Maxwellian Fields

Injection/Extraction - Merit 162
Vertical Kicker 109_
n/ no 0.54
."{:j '..- —
- 200MHz rf 12 MV/ m “
2y € 100
Hydrogen Absorbers el
b g 14.4
= el 4.6
___ Alternatin g Solenoids g 2
Tilted for BendingBy = 1.0 =
£ B
E
—. 01 =
L -
i €6 302.0
5: 10 2 | | | |

100 200 300 400
length (m)
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| QUADRUPOLE RING fuc
COOLER Mo labaration
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A G H Kirk Performance
( | | ’ | | ) 15 . .
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E 10} ™
E N\
EE a8 [, \'- 1
= = = = = S W
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D 1 1 L L
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S'D T L T T T T
fifm) Dy ) Transmission X10
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o
E 20
. 5
2 15 | . i, ;Lkmw"'_
, E ; *
N . i = 3
0 — 0.0 g8 10N, B e '
0 1 2 E Y| ral -
Path Length fm) 0 . . . . . __.___
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Full Turns
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SUMMARY OF PROGRESS g
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MUON COLLIDER COOLING

* Neutrino Factory feasibility study simulations
show cooling to &1y = 2 tmm and

g ny = 30 mmm (bunched!)

 Ring Cooler cools ~ x 5 transverse, x 2
ongitudinal

 Lithium lens (or other?) needed to cool
~x 10 to sub-mm in gy

There has been a tremendous amount of progress
iIn R&D on cooling, which can be used to develop
a better Neutrino Factory design!
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