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Physics with Black Holes of
Known Mass at a Muon Collider

Only the Muon Collider can pro duce
black holes of known mass.

Kno wn mass could be critical in measuring:
Quantum Black Hole Remnan ts,
Scanning pro duction turn on,
Gravitons as missing energy.

CLIC e'e suers from beamstrahlung
5 TeV spectrum from Greg Landsb erg
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‘ Oak Ridge Sector Cyclotron, AlIP 9 (1972) 54'
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Min. g/A (for 10 MeV/u)
B max (kG-cm)
E Constan t, K (E = q2:A)
Max. magnetic eld (kG) 16.0
Magnet fraction (520 hills) 0.58
Num ber of sectors 4
Injection E, U ion (MeV/u) 0.6
Radius Ratio (Rf /R ) 3{ 4.3
Extraction mean R (m) 3.15
RF freq. range, (MHz) 6 { 14
Magnet 2300

weight, tons
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Cost of Four 201.25 MHz RF
Cavities

Length = 42 cm

Radius (Ap erture) = 20 cm
Gradient = 16 MV/m

A wedge shape may be needed to t

26 MV/orbit ' 2 GV [/ 80 orbits
If |1 lose and gain 2 GeV, | can cool.

Rough Estimates from Al Moretti
Four cells at $91 000 each ! $360 000
4 MW RF Power Supply ! $1300 000




‘ Cost of Four 1.6 T Dip ole Magnets I

Coil Circumference = 170 cm

\Solenoid" Heigh t = 30 cm

400 000 Amp ere turns per magnet

2500 Amps in 160 turns

15mm square copp er conductor

Tw o0 135mm square coils/magnet + H,O
Coil Length = 81 turns 170cm = 140 m
(1.7 10 8) (140) / .0152 = 0.011

Volts = IR = 2500 0.011 = 28 V

Power = 12 R = 25002 0.011 = 70 kW
70 kW 8 coils = 560 kW

24 hrs 560 kw $.05/kW-hr = $670/da y
Copp er Volume = .0152 140 8 = .25 m?3
Copp er Mass = 8900 kg/m 3 .25 = 2200 kg
Cost at $20 / kg of Copp er = $44 000

Cost of 0.5 MW Dynap ower Supply = $60 000
Steel Vol. = 4 05m 1Im 13m = 2.6 m?3
Steel Mass = 7900 kg/m 3 2.6 m3 = 21000 kg
Steel Cost = 21000 kg  $4/kg = $84000




Cost of Scintillating Fib er Tracker
at Room Temp erature

Four X { Y { Stereo Planes

Multi Ano de Hamamatsu PMTs

Multi Hit TDCs (e.g. LeCroy 3377)

1.5mm scintillating b ers

Resolution = 1.5mm / 12 = 0.45mm

Must check multiple scattering in the ring!!!

200 b ers/ plane ! 30cm coverage
2400 channels  $200/c hannel = $480 000




\ Sources of Muons '

www.hep.princeton.edu/m  umu/m uonbeam.html

p+n! p+p+ | threshold = 300 MeV
400 MeV Fermi Linac ! 300 MeV/c max.
290 MeV/c max.

Bro okhaven D2 Beamline

Jeerson Lab
6 GeV electrons

| +

TRIUMF

520 MeV protons

M1l 400 MeV/c pion beam
M20 173 MeV/c muon beam

Rutherford Lab




‘ TRIUMF M20 173 MeV/c Muon Beam I




LEAR ANTI-CYCLOTR  ON
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B-Field

Magnet 2.9 Tesla

4 concentric coils

W eak focusing

Azim uthally symmetric eld

dE/dx Injection radius = 120 mm,

p = 105 MeV/c, 0.3 mbar hydrogen

An ti-protons adiabatically spiral to
the center

dE/dx cannot be too high




B-Field Contin ue...

Final anti-proton swarm
r = 15 mm
h = 40 mm
KE = 2 keV

Pulsed electric kicker in Z
80 ns pulse

20 ns rise

20 microsecond spiral time

A long bunch train Is coalesced
INto one swarm




Challenges

more focusing =) more dE/dx
=) faster spiral
=) still adiabatic

more focusing =) (greater beam

acceptance
=) accept high emittance muons




‘ Anticyclotron, NIM A278 (1989) 368 I




‘ Hallida y and Resnick I

Cyclotron frequency
f=1/2 = qgB/2 m

fs / f = 938/106 = 8.8
20 Sspiral I 2.3 S spiral
Also can increase B




\ Muon Swarm Size Estimate I

Put 102 muons at a point

Take B = 2.9 Tesla

Set electric repulsion = Loren tz force
Find radius

Estimate, not orbit!!!

E = vB;, v = gBr/m
1012 q/ (4 or®) =qrB?/ m

r=[10%m/ (4 (B2
= 6mm

Put a wire through the muon swarm
Neutralize the charge!
1012 electrons movein a S! 1 Amp

An ti-proton  An ti-cyclotron momen tum
p=.3BR=.3 29 0.12 = .105 GeV/c




‘ Damp ed Harmonic Oscillator I

Generalized Angular Momen tum
Lg = Lz -erA , NIM A278 (1989) 368

Quasip oten tial W ell, = e/M

Urz) = V(rz) - (@2 r?2) (LgM + 1A )2

(@ U%r,0)[MeVv] vsr [mm] for various Lgq
a, b, ¢, and d are stable orbit radii

b) [U%ro.2) - UYro,0)] [MeV] vs z [mm] for various rg




