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Introduction

(‘

e Unique features of a Muon Collider (T — p™):

o Bremsstrahlung radiation effect is negligible (scales by m;‘l)

so it does not limit their circular acceleration to reach multi-TeV energies

o Direct s-channel coupling to Higgs boson resonances is

40,000 (m,/m.)? greater for (uTpu~ — h) than for (eTe™ — h)
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o Beam energy resolution is not limited by beamstrahlung smearing,

i.e. choosing dE/E = R ~ 0.003% for mpsp) < 120 GeV

such that the beam energy spread o, < [iotal
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Heavy Neutral Higgs Bosons

e In MSSM, the heavy Higgs bosons are largely degenerate

large values of tan(3 heighten this degeneracy

e The Higgs boson cross section in s-channel:

ArT(h—pp)I'(h—X s
on(v's) = (s—'rrf,i)z T)m(i(l“?oj? Ovs = (2 MeV) (0.01(;{3%) (100\/c_;ev)
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e For the larger tan3 the resonances are clearly overlapping

(only separated by 1 or 2 GeV)

e Muon Collider with sufficient energy resolution might be the only possible

means for separating out these states: with R = 0.01% and R = 0.06%
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Motivation

(‘

e We have observed Astronomical Black Holes (BH):
Hubble uncovers dust disk around a massive Black Hole

3,700 light-year-diameter dust disk

Ground

Disk around a Black Hole in Galaxy NGC 7052
Hubble Space Telescope « Wide Field Planetary Camera 2

e The observable astronomical BH encourages us to explore

miniature BH production in a Laboratory

e BH production in Lab could be the most promising signal of

TeV-scale quantum gravity
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Extra Dimensions

/‘

e In large extra dimensions at the TeV energy scale,
Gravitons can propagate outside the three-brane

— - |- — - == = - =

e The BH is characterized by the Schwarzschild radius

rs =

1
1 [81“("%“3)]“+1 (MBH)n}f-l

VaMy | (2Fn) My

o My, ~ TeV is fundamental Planck scale

e If the impact parameter b < r;, — an Event Horizon is formed

4—dim spacetime

4—-dim spacetime
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Cross Section

(‘

e BH cross section can be estimated from the geometrical
cross section (black disk)

n+3 n—+1
ij—BH s = MZ | My \  (2+n)

e LHC (proton-proton collider), we need to consider its cross section

at the parton level (hampered by parton distributions)
1 1
Opp—BH ~ Zij fwm dx fw a;—yfz(ya Q)fg(w/yv Q)UijeBH(wa S, n)

o T, = M%H(min)/s, s = Mﬁl and (Q = the momentum transfer

o fi, f; = Parton Distribution Function (PDF)

e For (e™ — e collider) like CLIC, beamstrahlung smears the collision energy,

and the NLC lacks the energy reach

e Muon Collider (u+ — = collider), the BH cross section is relatively simple

|a,m_,BH ~ opa(s,n) I (it does not depend on the minimum Mpggy)
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Cross Section at CLIC

(‘

e BH Cross Section of 5 TeV (e™ — e~) collider at CLIC
Courtesy of Landsberg and Dimopoulos (hep-ph 0204031)
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e The extra dimension n = 4
e The CM-energy /s =5 TeV

e The beamstrahlung-corrected energy spectrum for CLIC machine

is peaking at the nominal energy (5 TeV)
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Cross Section at Muon Collider

(‘

e BH Cross Section for 4 TeV (ut — p™)
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e n = D — 4 extra dimensions
o /s =4 TeV CM-energy —> ogyg ~ 7 nb

e Using £,+,- ~ 10°?*(cm~?s~ ') = BH production rate ~ 7 BH/s

— TBH "~ 10~ 275
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Temperature and Radius

e BH decay depends on Hawking temperature and is proportional

to the inverse radius

e Hawking temperature of (n+4)-dimensional BH:

1
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Ty = My [MBH 81"(”23)] avm = dmr. where r, is Schwarzschild radius
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e The higher CM-energy (or the higher extra dimension),
——> the heavier and the colder BH
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Horizon Formation

(‘

e Horizon formation of CM-energy of 4 TeV with impact parameter b
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e The energy trapped by the horizon is a function of the impact parameter

e For head-on collision, ~ 60% of CM-energy trapped by the horizon

e When extra dimension increases —> M pgy /+/s decreases

|We use Yoshino and Nambu’s model (PRD 67, 2003)]
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Missing Energy

(‘

Total

ise ) provides a signature of un-observed

e Total missing energy (E

gravitons and neutrinos that are emitted

Total __ pp Formation Evaporation
© Emiss - Emiss + Emz'ss

Evaporation __
o Emiss - Zz NzEz

N; = number of un-observed particles (neutrinos and gravitons)

FE; = its corresponding missing energy at evaporation process

e Missing momentum-transverse (Er) is in order of 190 GeV
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Summary

e Muon Collider is a good place to study a direct s-channel Higgs boson,

and to differentiate between A° and H®°

e Muon Collider at 4 T'eV is a suitable place for producing

miniature Black Holes with no beamstrahlung smearing

e Muon Collider provides a relatively high and constant cross section of BH

|0',,,“_,BH ~ opg(s,n) I (only depend on CM-energy and extra dimensions)

o ogH ~ 7 nb, using [L,+,- ~ 1033 (cm™2s71)]

— BH production rate ~ 7 BH/s (7g ~ 107275s)
e BH system (BH + gravitons) produced at rest with known mass

e Missing energy and missing Er help us to explore

gravitons, extra dimensions, Hawking radiation and quantum remnants
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