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Outline

e L3vge Volume compactification,
RS ADD cHS

e Tvans-?Planckian Scatteving, Black hole
Pvoduction

o ®H STSV\QtMYe
o The vecent CMS vesult on BH critical

comwment/ Futuvre
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w\(Higgs)fv\Do GeV

experiment theory

Higgs In

H; er’arc(mj Pyoblem

A delicate Five tuning is vequived it
A > 100GeV
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Some well known
(Stringy) solutions

KK states
strong dynamics

LHC: squarks, gluinos

*this talk*
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Lavge Tovus compactification: ADD

2
M,

S > /d4w\/§R—|—/d4x\fgﬁM

1/87G = M2 * [Bl=L"°=M"

5= — /da: e i

3 M2+n
factorizable 127 / d"y+/g / d4:13\/g74R+

geometry ‘ \ High Planck Energy 1S

112 2f2+n due +o “\arge volume”
% A D

27wy %

Vol| 0§ extra dimension
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what we expect to See—(I)

“amall mwass gap"

Am ~ mgk = k
Am ~ [Vol]~Y
Light kk-excitations (~Tev):
Kk-gvaviton kk-Z Kkk-W etc

G+gamma, jJ, Il .. @LHC
TMKK > 1.1TeV

(NOTE) wot 3lways the case e g CHS
[Orlando, Park 2010]
9
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Compact ijerba»tic: Space

Mostow Rigidity theovew (d>2)
[G. Mostow, 1968]
Se\beVs COV\jectU\Ye kle 2 1/2
[A. Selberg, 1965]

proved up to k£ > /171/784 ~ 0.22
[W. Luo, Z. Rudnick, and P. Sarnak, 1995]
(by number theovry)
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Maximally S\jw\w\e-b(ic Spaces

n-maximally symmetric Einstein space in R™!
0Xg+Xi+--+X2_ ;+e, X7 =¢€L?

(€05 €ns €) curvature
AdS, = (-1,—-1,-1) <O
dSn e ( ) : ) | ) >O
S0 ) >0

R= y5n(n—-1)
R0 = Borsin X €
Ry,upa e R(guagz/p 3 gupgvo)/n(n S 1)
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Cowq?ach Hyperbolic space

~ 80(1,n) I' € SO(l,n))

Hn o «“ ¢ » Hn/F
50(n) Lattice
CHS MoStow ’R’\gidit\j theovew (d)2)
H,/T [G. Mostow, 1968]
Selbevq conjectuve kil >1/2

[A. Selberg, 1965]

proved up to k£ > /171/784 ~ 0.22
[W. Luo, Z. Rudnick, and P. Sarnak, 1995]
(by nwumber theovy)
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Mostow theorem

1. The geometry of a finite volume hyperbolic manifold of
dimension greater than two i1s determined by its
fundamental group

2.once we have fixed the curvature and
the volume, there are no more moduli.

**The theorem 1s not valid in d = 2 dimensions. In fact, a
Riemann surface of genus g > 1 (which can always be
represented as quotients Ho/I', I' C SO(1, 2)),has a 6 (g —
1)-dimensional moduli space.
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11F8 24 H/KEZH

two independent
length scales of Hy/[”

:local length scale, curvature
appears in EOM
~1/[Mass Gap]

k> 1/2

—— :global length scale, volume
3 H appears in the quotient group
of the compactification

V[Ha/T] = €5/
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CHS v an M—theovv solution

[Orlando, SCP 006]

Ad57_d X Hd/I‘ X 54

[}I(I/FI e /‘/ b /€,
{ Lavge volume = Hievavrchy e

No light kk-state expected
ki >1/2

Compact hyperbolic extra dimensioi&..a M-theory solution:s
Domenico Orlando, Seong Chan Park (Tokyo U (= 7 19) A

Published in JHEP 1008 (2010) 006
e-Print: arXiv:1006.1901 [hep-th]
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what we expect to See (2)

“Low scale graviéj"
B = \/g

Tvans-?lanckian Scattering
*G\'Ya\/'\t\j dominance [“£ Hoo$t 1986]

*B\ack ho\e ?VOdMCtiOV\ [T, Banks, Fischler (999],

[DimoPpoulos, Lawdsbe\r9 200(] [G\"\c\d"V\9s Thowas 2002]
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LHC
A super—Planckian machine?

a E=7TeV w pp fvrame (will be |14 TeV v 2 vrs)

@'P';ILUAScbl)}

¥ ) RS

o Partons cavvy a fraction of FTev (pdf

suppression): Bij = BF,. ¥, Say B/5 of the

eney gy iS avai\ab\e.

a Possible £o have EY A\~ Tev
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He sevbery @ ieviogogperpe

\§ one wants to be clear about what s

wegrithigy Spaditesiveg ewesigyct * Sov

exangpexeeddinifiup greaLenen one has
%We%ﬁa %&Mﬁ SRBVGY°"tS by

e +, own 0 aV\ e\ect\(on can
Wh'cb\th o ‘ ‘tav St
be wweasuvred; othevrwise -l;h\S tevyw has

V\§ me"é‘nmg at all
G ‘t Hooft 1987 2
--Heisenberg, n uncertdinty ?a?e»E(% Mpic” WA, <!>

Az ~ X~ h/Ap a baby black hole
Sovws
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t Hoo’{-t—\—\eisembe\q’s
uncevrtdinty princiyle

Yrobing distance

Ax ~ h/Ap : Az ~ rgu(F)

vae\rng /Mowentuwm

[:B,p] o 7’(1 BF Odp)
T. Yoneya (1989)
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Trans-?lanckian Scattev‘(vxs

wnitial state

Ecm > Mp

what's the §inal state?

20
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Trans-?lanckian Scat‘te\r‘(\ng

A waive eSfective Sield theovy
appvoach $ails

Eeff =, 1/)¢1//1/)/M1%

becomes non-unitavy at EX>Mp

21
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Relevant scales

ede—Broglie S 1/E
ePlanck

eEventHorizon . (GE) AT

b~ J/E

£e

22
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Black hole forms

b</ly
by > Up

b>/flyg > Vp

Lo 00> Ly > > 65
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Tvrans-Planckian Scattev‘(vxg

[D. Gvos
[& veneziawno (992, 1993, 2o0l0]

\/g >> M 1) [R Rattazzi z004]

)
:swall & effect (R/M, 2 3 R
Bovn 3PProxima %
Elkonal approxim B Tt '
black hole $ovwmaTiov
al quasi-quantuw descviption holds!
:@G [string] dowain

b~1/Mp non-pevtuvbative

Not wuch thTV\QS we kwnwow
2->2 dominance (?)

24
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Swall cuvvature pevtuvrbation 1S
valid for tvans-?Planckian BH

Einstein-Hilbert

g /d4x\/§M72 (}Iz i 0(52))
l

includes higher derivative terms (>2)

O(R?) = aRM}i bﬂw‘f e 1 GRS,

(CL b C) 1 ]_ - Gauss Bonnet
TH ~J Elz

st-Free, D>4  [B. Zwiebach 1985]

Heterotic string
6D Calabi-Yau compactification of M-theory
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MD—2
SG:/dD.’E\/ g g R[1+ A],

2

R 1 Mp\ D-3
AN N2 IR e T
M2 M2 A M

1f M>>Mp, QG correction 1S small

11F8 24 H/KEZH




Born
approximation

Strong gravity
(~black hole)

27
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va\’\d’\t\j dowman o¥
SewicldsSicadl approximation

Higher dimensional

!
Ip L rgg K 7o

N )

QG irrelevant
a Relidble calculation available

@ Lavge entvopy (= Lavge Suvfdce aved)

28

11F8 24 H/KEZH




BH @ LHC

Probing Distance o

Az~ Hi/Ap |

e ~ 1/ Mp1_f—3

vae\(” /Mowentuwm

29
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BH(D>4) Sighal

[Ida-Oda-SCP 2003,2005,2006]

@ BH decays through Hawking radiation: Thermal
radiation with Large multiplicity (large entropy
>10).

@ T > TeV, all kinds of SM particles will come out.

@ Doesnt depend on the flavor but spin of
radiated particle; details are determined by
Greybody factor. (vectors>spinorsscalar)

@ gluon > quark (>photon) > lepton, neutrino> Higgs

30
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McC $fov BH events

& Two MC Simulation codes are used by the LHC

® '\5\30\<M3X7—.0 (case western SUNY buffalo, oxford Lowndon): cMS

o CHA’RY’BD‘SZ.O (cawmbridge): ATLAS

® ®oth ave based on [Yoshinwo et 3l zoo3> zoo5] (fov
Pvoduction) (for decay)

o valid in Semi1-classical domain

31
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Yoshino-Rychkov

[Yoshino-Nambu 2003]
[Yoshino-Rychkov 2005]

IV

*initial:

infinitely boosted BH
(Aichelberg-Sexl! sol.)
*final:

formation of AH
left shock *Theorem: BH forms when AH forms

right shock

*An active topic in NR

32
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Ida-0Oda-SCP

em1SSiown vate I! o

| ¥

dEgim

Observer a
distance

O%ja&@ﬁdt@‘f
Iroks grey”
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Contents lists available at ScienceDirect

Physics Letters B

ELSEVIER www.elsevier.com/locate/physletb

Search for microscopic black hole signatures at the Large Hadron Collider ™
CMS Collaboration *

CERN, Switzerland

ABSTRACT

A search for microscopic black hole production and decay in pp collisions at a center-of-mass energy of
7 TeV has been conducted by the CMS Collaboration at the LHC, using a data sample corresponding to an
mtegrated lummosnty of 35 _ 1 Entwtlae total transverse energy are analyzed for the presence

'agreement»wntwfu h,‘,.. “mode! ackgrounds dominated by QCD multijet production,
is observed for varlous ﬁnal :t:- ias.and. anoedsel limits on new physics in these

a particle acceleratopre——

**also see LHC analysis
(with 1.1/fb) 2011 July 21 @EPS
(with 2/fb) 2011 Aug @LP11?2?
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BH Candidate event (1)

N=10,
St=1.1TeV

CMS Experiment at LHC, CERN
Data recorded: Sat Apr 23 08:05:38 2011 EDT
Run/Event: 163332 / 196371106
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BH Candidate event (2)

N=9
St=2.5 TeV

CMS Exporimant ot LHC, CERN

Data recorded: Mon May 23 21.46.26 201 EDT
RunvEvent 105507 7/ 347495024

Lumi section: 280

Orb/Crossing 73256853 / 3161

Figure 4: A 3D event display of a N = 9 black hole candidate with St = 2.5 TeV (Run 165567,
Event 347495624).
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Figure 2: Total transverse energy, St, for events with: a) N > 3,b) N > 4,c) N > 5,d) N > 6,
e) N > 7,and f) N > 8 photons, electrons, muons, or jets in the final state. in the final state.
Data are depicted as points with error bars; shaded band is the background prediction (solid
line) with its uncertainty. Also shown are black hole signals for three different parameter sets.
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CMS Preliminary
/s =7 TeV, 1.09 fb™
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Figure 7: Limits on the black hole model parameters for several benchmark scenarios. The
areas below each curve are excluded by this search.
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CMS Sumwavry

Lower bound of BH mass

(_J\éf_) _[35 40°
V) e | STORRTHG

- FaL{0) ks
1315 A5 SL S
or
(TBH)CMS - [09, 2] 663
€ [0.9,2.4] £1,.

Do not belong to semi-classical domain! :-(
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Q&G covvection Entropy

g
=
3)
&
%)
>
O

CMS Excluded

A > 100% Entropy < 10
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Model dependence: RS with bulk SM

1 1 1 1 1

60 80
Vs (pp)[TeV]

D. Orlando, S. C. Park, JHEP 1008, 006 (2010).
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conclusion & Sutuve prosyects
(1/3)

@ TeV gravity vedlized with |arge volume
compactification (ADD RS cHS ):
hievarchy Problem solved

® TWO ways to See LED: Low wass ¢ayp (~1/
vol) ov Strowng gvavity

® The LHC can be the §irst BH Qactovy (still
valid/)
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conclusion & Sutuve prosyects
(2/3)

a caution! The §ivst vesult(7 Tev vun) 1S out
of the validity vange of Semi-classical
ayyvoximation

& Mode| independent “bound” can be useful in
the future

@ Futuvre vuns with (4 TeV ov highev (loo
TeV) dve wmove nteveSting for BH seavch
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conclusion & Sutuve prosyects
(3/3)

@ Scattering at E~MP with 3 definite
G theovy,

A AdS/CFT  BH~Therwal State ww CFT
Glueball? string ball?

A The §1nal state of BH 3t M~M7p.
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