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Black Holes

/‘

Overview

Thereis no doubt that we could nd the
experimentalevidenceof the black holes

We needto rely on indirect evidences
to establishthe existenceof black

holessincewe cannot seea black hole

Thereis an evidenceof the astronomical
black holesthat existfrom the neaby star

(related to matter accretion)

We are explaing the possibiliyy of the
miniature black holesproduction in lab
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Astronomical Black Holes

Accretion disk

Accretion disk is related to a black
hole from a nearly star

There are some black hole
candidates in the universe!
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Black Holes Production
Black Holes Approach

Black Hole Cross Section

BH's lifetime: 10 2° 10 %’ s

(¥ -

I
Previous studies show the evidence of
the black hole production at lab

parton
Black hole references:
M. Cavaglia : PLB 569, 7 ('03), _ o _
Mo dern Physics A 18, 11 (2003) Rs Is Schvarzchild'sradius
Dimop oulos & Landsberg : A black hole is formed whenthe cms
PRL 87, 161602 (2001) energyappoachesthe fundamental

Planck scale: aslow as TeV
Giddings : hep-ph/0106219

: Parton level cross section
Banks & Fishler : hep-ph/9906038 arton iev |
Argyres at. al : hep-ph/9808138 (Mgy) RZ2 1TeV ?

Harris at. al : hep-ph/0307305

Limitation : Lack of knowledge of
guantum gravity e ects
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BH at Accelerators
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CMS Detector Black Hole Factory

Sup ondu ng Solenoid
S nTracker
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Spectrum of BH producedat LHC

Conbact Muon Solenod Number of BH as a function of M g 4

Shadedregionis number of events
We are planningto usea CMS

detecta simulationto seach black holes Dashedline is the total background
CMSiis a suitabledetecta to study of Final statestaggedwith e or
black holessinceit hasa good detection (PRL 87, 161602(2001))

of muonsand jets
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BH at Accelerators

(‘

Black Hole at CMS Black Hole at CLIC
A black holeeventwith Mgy 8 TeV BH eventdisplay at CLICat 5 TeV
(simulatedby A. De Roeck)
BH decgs immediatelyby Hawking
radiation (demacratic evaporation): This eventhasa large nal state
large multiplicity, small missingenergy multiplicity as a typical BH event
and ratio jets/leptons 5
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-Beam for Black Holes

-Beam Generated
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We generate2 TeV -beam
with a Gaussiardistribution

2008

-Beam Parameters:

4000 particles of -beam'

Beam'senergyis 2 TeV

E IS 2 GeV

, IS 0.25-0.12cm
Note that the beam'sparametersare

as an output of the secondrapid
cyclingsynchrotrong(RCS2)

Basedon PRST-AB 6, 081001(2003)
for 4 TeV muon collider
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-Beam for Black Holes

MINUIT c?Fitto Plot  2Iw0

FileJstdmake_2tev_4000.plt 2-MAR-2004 133

Plot Area Total/Fit ~  3999.0 / 3999.0 Fit Status 3
Func Area Total/Fit 3925.0/3925.0 E.D.M. 3.835E-16
2
c’= 81.3for100- 3d.o.f, C.L=874
Errors Parabolic Minos
Function DGaussian (sigma)
AREA 3925.6 A 62.72 - 0.000 + 0.000
MEAN 2000.0 A 3.1305E-02 - 0.000 + 0.000
SIGMA 1.9407 A 2.3219E-02 - 0.000 + 0.000
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Fitting the -BeamX-momentum
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-Beam for Black Hole

Fitting the

MINUIT c? Fit to Plot

FileJstdmake_2tev_4000.plt

Plot Area Total/Fit ~  3981.0/3981.0
Func Area Total/Fit 3888.9/3888.9

c’= 99.2for 100 - 3d.o0.f,

Errors

Function DGaussian (sigma)

AREA 3897.2

MEAN -2.47612E-02

SIGMA 1.9537
150—————

A 3.2071E-02
A 2.3538E-02

2-MAR-2004 1343

Fit Status 3
E.D.M. 2.172E-16
CL=41%
Minos
0.000 + 0.000
0.000 + 0.000
0.000 + 0.000
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