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Abstract: <span>The LHC has been running for over 2 years and the different experiments have accumulated enough data to find a new
which could well be the Higgs boson, achieve Standard Model measurements with precision at the percent level, and seriously constrain
variety of new physics scenarios, giving important hints on what the physics beyond the Standard Model can be and what it cannot b
presentation will focus on ATLAS and CMS latest searches for new physics in events featuring signatures relevant to theories of quantum
Will be presented the results on searches for large extra dimensions (direct graviton emission, virtual graviton propagation, Kaluza
Randall-Sundrum resonances, etc.) and other TeV-scale gravity phenomena such as black holes (rotating and non-rotating) and stri
production and decay. Results will be reported on each of the various final states investigated for each signals. The results of some searche
not typically interpreted into bounds on quantum gravity signals, but which could provide complementary information such as the numt

possible matter fields compatible with LHC data will also be presented. An attempt to present plausible future reach of the LHC will final
briefly discussed.</span>
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New physics scale must not suppress new effective lagrangian
terms below testable limits otherwise the exercise is irrelevant. ..
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Context

Need to understand

N
From the physics that
can describe N \
\ Newtonian .,.
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« Write effective theory
* Complement it with ebaivity v
pheno. models oy TR

Gravity
G ¢

* Make predictions

» Test and interpret results

New physics scale must not suppress new effective lagrangian
terms below testable limits otherwise the exercise is irrelevant. ..
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Quantum gravity (@ LHC

< To be testable at the LHC, the scale at which the QG structures become
important must be O(TeV)

=> Some extra dimension structures replace suppression of gravity state
couplings to SM fields by powers of My, with some scale A~TeV

<+ Two scenarios (a rich phenomenology) are tested at the LHC:
ADD scenario of large extra dimension:
< Direct production of gravity states
< Virtual graviton KK-tower exchange
< Transplanckian scattering phenomena
Mini Black Holes, String Balls
RS wraped extra dimension scenario:

< Virtual massive graviton exchange

< There could possibly be other structures that can give testable
predictions

=» signature-based, model-independent searches
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What to take trom this?

< Often constrains are only set on toys or not up-to-date models

< Does it matter? Let’s take a pragmatic approach:

Yes: large efforts are deployed by both communities to make sure latest
1deas are properly tested in their kinematic regions of interest

And... not so much: analyses are made as model-independent as possible
and limits on benchmark models simply give an example of interpretation
< Benchmark results needed, as there will always be untested models

< Benchmark models often get the bulk of the relevant constraints on some ideas

=» Won't try to list the constraints that could be set by LHC on all
possible QG models, but refer to small list of benchmark models

*

» Objective: present the assumptions and the conditions of applicability
of the constraints set at the LHC on benchmark models relevant to QG

=» will tell what can be reused and where you have to be careful in
interpreting our results into your favorite scenario
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QG@LHC’s Benchmarks

< Minimal ADD and RS models offer good benchmarks because:
. simple, 1e low number of parameters, generic kinematics
2. models are well understood by all
3. simulations are available to both communities:;
4. contains features reused 1n many other models,
1. Eg: Z’, excited quarks, etc

5. Often the theoretical differences with more thorough models only
yield small differences in the experimental observables

=» easy to be reused to constrain your favorite model
< Systematically used from experiment to experiment, allowing for

robust comparison of different experimental results and
appreciation of the progresses made
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Overview of analysis

s Same model tested 1n various final states

A non-tested model can suppress a signature
< Leptophobic resonances

$

s Same final states tested sensitive to various models

Signature-based/model-independent searches

¢

< Choose to present in function of models:

Direct graviton production: _
« Monojet Randall-Sundrum:

* Diphoton resonance

* Monophoton :
* Dilepton resonance

Virtual KK-tower graviton exchange:
* Non-resonant dilepton

» Diphoton Model-independent resonance:
* Dujets

Semi-Classical black holes/string balls _
* Gamma-jets

* High mass multi-object
¢ Same sign dimuon
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ATLAS at the LHC

% The LHC 1s taking a lot of data
5fb! (7 TeV), 17 tb! (8 TeV) — = -
< Still taking 8 TeV data

< ATLAS show these data are

widely understood:
Found the “Higgs”
Precise SM measurement

=» Set the ground for discovery

8. 10° e ATLAS Preliminary
o T ' 1 5 E 35pb
= 10" ATLAS Preliminary 2011 + 2012 Data o 5 " LHC pp \s = 7 TeV
m y { o~
g 10°¢ —Obs \s=7TeV: |Ldt = 48-48M"' Y v ” 35 pb Theory
= 10p Exp \s=8TeV: |Ldt = 5859 o 10°E ® Data 2010 (L=35pb’")
1p e : M‘M\ o Data201 (L=10-471f")
10"k q 1 E
y- 10, : LHC pp \s = 8 TeV
10° . 10°E o
107 7 3 E i<
‘ - ® Data2012(L=581")
10w k| s -~ o
10° " 100 10 §
10°§ 1 = 10
107 " = a7
8 i . 58Mm"
107 p L | 10 461
107} : o 6 E 1 I
L | | Ly 11 .74 B | = 47h
110 115 120 125 130 135 140 145 150 -
m,, [GeV] 1
w Tz g ' ot ww Towe Tow T2z
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Model assumptions

< A compactified spatial extra dimension extends between two
branes in wraped geometry
Wave function of SM field localised on one brane

Gravity localised on the other brane, but propagate into the bulk
Gravity scales in one brane related to the other by:

M, =M,e*™ (k being the curvature of the extra dimension)

=> With kr,~12, M,,~1 TeV
< Compactification of extra o e
dim gives rise to tower of
graviton KK-mode s

Graviton AMgy ~ 1TeV e = "

=» Look for resonances L
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Diphoton search (I)

< Very good sensitivity: | ATLAS-CONF-2012-087

Clean experimental signature, low bkg, very good mass resolution

Branching fraction 1s 2x larger than for lepton pairs
<+ Model-independent

Can’t be spin-1 resonance

< 4.9 fb! with VS=7 TeV

% Combination of MC-based estimate
normalized to data, and data-driven EEE— l l

estimate
l XPERIMENT

vy bkg: MC used for shape,
normalization in data low Myy
region

jet+gamma/jet: shape from CR
(loose gamma), extrapolated to high
mass by a ﬁt Of f(m ) pl x(m )h +mlni..m
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Diphoton search (I)

< Very good sensitivity: | ATLAS-CONF-2012-087

Clean experimental signature, low bkg, very good mass resolution

Branching fraction 1s 2x larger than for lepton pairs
<+ Model-independent

Can’t be spin-1 resonance

< 4.9 fb! with VS=7 TeV

+ Combination of MC-based estimate
normalized to data, and data-driven
estimate

vy bkg: MC used for shape,
normalization in data low Myy
region

jet+gamma/jet: shape from CR
(loose gamma), extrapolated to high
mass by a fit Off(mw) = P, x(mw)pzﬂk,\lnl.’.mrr
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Diphoton search (II)

< BumpHunter algorithm 1s used to scan through the mass
distribution between 409 and 3000 GeV

Look for most significant deviation from null hypothesis,
Use window mass of progressively increasing width
% From 2 bins, to N/2 bins

Largest deviation = smallest probability of coming from bkg
fluctuation

v " s s e - .
ATLAS Preliminary JL‘“ 491"

Vi =7 TeV

Algorithm accounts for “look
elsewhere effects”

Events/bin

Significance
o .
i T
1 i 1 I H 1L |

*- 2011 data
1 [ Total Background

0:0 Blggest excess from bkg Only 10" . 'Reducible Background
. . syst @ stat (total
hypothesis: Myy in [1312,1644]  1o:f 2o s ceenie

RS, k/M,, =0.1,m, = 1.5 TeV
[(JADD, GRW, M = 2.5 TeV

%+ 86% of the chance of having
larger excess from background-
only hypothesis

200 300 400 1000 2000 3000
m,, (GeV]
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Limits on RS

< Signal experimental uncertainties: 9.1%

5%-10% uncertainty on signal yield

o ) . gl : .
<+ 95% C.L. limits on M, for various k/My,
Assume 1.75 K-factor
g ‘IAl."JLI.A‘S‘F’IlIr'r'[lrrO‘t‘ﬁgjl'ﬁT s LA RRAE M AL
=3 reliminar nserved limit ] - yxs
= i y -+« Expected limit Q 0.09 = Observed ATLAS Preliminary
= 1F Ny =7TeV Expected + 1675 o.o8E "~ Expected
k) - Gy Expected + 26 i Expected+ 1o
s - w— 1/, = 0.1 0.07F o
o A{,I{'” 0.05 - EKpUClUd t 20
10" WM, =0.03 3 0.06E" 1« 7 ToV
- — /M, =001 7 0.05E- -
] : H'[Ldf 491"
102k -H:JLm 49" | 004: :
_ 0.03f
e ] 0.02f
100 — — — ] 0.01F
- y H p f % . 0 -
0.5 1 15 2 2.5 3
m,. [TeV]
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Model assumptions

< A compactified spatial extra dimension extends between two
branes 1n wraped geometry
Wave function of SM field localised on one brane
Gravity localised on the other brane, but propagate into the bulk
Gravity scales in one brane related to the other by:
M, =M,e™™ (k being the curvature of the extra dimension)

=> With kr,~12, M,~1 TeV

% Compactification of extra
dim gives rise to tower of
graviton KK-mode s

Graviton AMy ~ 1TeV o

= 1.ook for resonances

Gravitions
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DﬂeptOI’l arXiv: [hep-ex 1209.2535]

< Narrow high mass resonance search in ee and uu channels
Charge ignored to avoid systematics from charge misID
4.9 fb'! of 7 TeV data

% Background predicted from MC except QCD
NNLO to LO K-factor estimated in function of M;,
Weak K-factor also applied to Drell-Yan

Ny

Normalized to data under Z-peal

2] ! T
< Within 1% of unity g 10 ATLAS  WMu=01 |, pyason
. W 10° Ldt=5.0fb' 8z .
< Control systematics . iy En‘hmn :
: S= e i

(] G*(1500 GeV)
G*(2000 GeV)

Theory dominate systematics 10°

i GeV 110200 2000100 100 800 )OO 1200 12000 3000 10
Z~" 21200 4+ 1200 2090 £ 230 173+ 16 77408 008 & 0,16
' Q00 £ 100 270 4 H0 I8 1§ 0.32 4007 0,019 0.007

Diboson 289 + 32 97 + 24 LS £ 2.7 0594026 0087 £ 0016 10"

Total 22400 4 1200 2460 £ 240 203 £ 19 8.7 4 0.9 1.09 £ 0,16 102
Data 21015 2294 197 10 :
80100 200 300 1000 2000

m,, (GeV]
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Limits on RS

< Signal acceptance (M;=1.5 TeV) = 69% (ele), 44% (muon)
Independent of M above 600 GeV

< At such masses, interference of signal with Z/y* 1s neglected
< No K-factors applied to signal

< Data are consistent with SM hypothesis

P-value ele: 54%:;

LN LA S Sy M B S S B |

o)
‘C%' ATLAS --= Expected limit
P-value muo: 24% E No=ip 0V Expeciad o
G" =l Expected + 20
Observed limit
k/M,, = 0.1
k/M,, = 0.05
kM, = 0.03
— k/M,, = 0.01
Mass limit 092 1.49 1.72 2.16
..u_- JI dt=491b" R R SN —
Mp J.I dt=50f"
104.-\‘1‘.,.1.-.11_‘11,4.
. . 0.5 1 1.8 2 2.5 3
Mass limit 2.23 2.32 2.42 2.51 M. [TeV]

[TeV]
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Limits on RS

< Signal acceptance (Mg=1.5 TeV) = 69% (ele), 44% (muon)
Independent of Mg above 600 GeV

& At such masses, interference of signal with Z/y* is neglected
< No K-factors applied to signal

Data are consistent with SM hypothesis
P-value ele: 54%;

4 \y e \3=7TeV B Expected s

P-value muo: 24% : ] S

b — -

r ,fé-,_ﬂ_ﬁ-_»__‘,. \‘rﬁu' .TL.T:- 005 01 : Otsorved kit -
I pupling “-.I-..L_-’i 3 LIAI~] | U. |
: |

1.72

1T 2 1] (e T = -
| /. l 14 '&1 v 0.2 I
Mt et ’ - I t". - h

| I i

'
] L |

I uu ij-SD'J

0.5

Mass limit 2.23 2.32 242 2.51 P e mevi
[TeV]
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...and at 8 TeV

< New results with a different dataset | ATLAS-CONF-2012-129
6.1 fb"! of 8 TeV data

No interpretation in terms of RS, but can nevertheless have a

feeling for the limits by looking at Z’ limits

% A 2.5 TeV Z’ has x2 higher cross section at 8 TeV than at 7 TeV
7? limits for 7 TeV data Z’ limits for 8 TeV data

...................

= o SN \\' W e e e e e
Q. [=® {
o 1 ATLAS -+« Expected limit o 1 ATLAS Preliminary -+« Expected limit
e=7 \ & = |
B \s=7TeV Expected * 1o l =] \\ \s=8TeV Expected+ 10 3
randl Expected+ 2a ) L=l Expected+ 20 -
\ Observed limit I . Observed limit |
10 10" 1
. — 5o |
W Z, |
, " x,r — 2
10 10 N
10" 109 | s
oo Ii dt=491b o ..l dt=591b :
i i | Ll =611b
M J Ldt=501b - HH I N
10 l . I i I A,u_J T i e Tt W REFRUVESTEN! EETRFERTEETRE EENENFIRTRIEN SR Rt b P .
0.5 1 1.5 2 2.5 3 0.5 1 15 2 2.5 3
M, [TeV] M, [TeV]
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Model assumptions

*

compactified on n-dimensional torus Compact

Dimensior

 Limits assume extra dimensions are flat and (

SM fields attached to a 3-brane
< Brane deformation ignored

Continuous KK-spectrum 1s assumed, even
for n=6

< Universal couplings of each modes
< Assumed the spectrum stops at M

"7

% Fundamental to effective scale relationship:

M}, =8aR"M}" ¢ (o
% Prediction from minimal graviton emission N
R 00
model of GRW

Valid: E<<M,,; Pert. exp. break: E>7M, —
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Experimental signatures

< Direct graviton production 1n
association with partons or
photons LIM\

Particles

undetected
/ KK particle

virtual gluon
99 > ¢/7G,q¢ > 9G,gg ~>gG| ~  yvwovoTUOL :

.mhqll.u‘k/

jet of
particles

< Graviton interaction with
detector suppressed by Mp,~

=» Missing transverse energy

< Signature at the LHC

Monojet

< More jets due to QCD radiation

Monophoton
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Monojet search

% ATLAS: 7 TeV, 4.7 fb’! of data

*

< Essentially fully data-driven predictions

Amazing 3.2% precision in high stats region

LATLAS

L EXPERIMENT

arXiv: [hep-ex 1210.4491]

< Prediction in various kinematic regions (~model-independence)

. SR1 S22 SR SR
% 10 ‘ s : 1[.'!1 2011 ' ! Jet G000 £ 2100 5300 4 2580 500 + 0 48 4+ 0
' —e— Data 2 |
9 a4l ATLA D5 M=100GeV M,=680GeV _ | W i jots S1400 £ 1000 1853 £ 81 133 +£13 1343
‘té’) 10 \ , ADD 522 M.=3 5TeV f I ot 11600 4 500 GTH 4+ 43 10 £ 8
O  f Ldt=4.7fb Sum of backgrounds N e
S 103‘ f Z(carvlalots I 1 11100 + 600 704 &+ GO R 6 £ 1
a | N I v o e e
10° ¢ \s=7 TeV ] Z(— N+jets E Multijets 1100 £ 900 Gd + 64 g*e
H == ti + single top Non-coll. Backgronnd (i K 2 13
10‘ [ Multijet i ) (01 i s : ; !
e [ Di-bosons | Flevs <l x 20 R 2
f @ Non collision Di-hosons 302 + 6] 20 4+ h o+ 1 £ ]
1 3 1 Z " NUTES 204 £ 19 u i |
_‘3 —0—\ SR1 1 Total Background 121000 1000 8800 £ 400 750 £ 60 83 £ 11
107) o % | Events in Data (4.7 ! 124703 8631 785
| | E T ot 90% | pb .63 0.13 0026 0.0065
10°?) =
f e | = a ™! oat 90 l'l' 1.5 (h1h (1.002() (1,006
200 400 600 800 1000 1200
miss at 95% | pb 1.92 017 (.0:30 00,0069
E™ [GeV]
at 95 ;ul- |.82 (1= (0021 (.0079

No excess over SM expectations in any kinematic region
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< Typical efficiency for jets and Met selection: ~83%
Similar for Zvv, and ADD and general dark matter model

< Set 95% C.L. limits on M

Truncation: quantify UV effects not modeled by L 4
% Ao/o = 0% (n=2), 6% (n=3), 20% (n=4), 45% (n=5), 60% (n=6)

=» model does not make non-ambiguous predictions with SR4

% Limits of SR1 to SR3 are 35%, 15%, 5% worse, but less UV sensitive

_— T T T T T T T T T T T T T T T T ey ey p—— i I : . I I
£ >
(=" 95%CL Observed limit ’}E 95%CL Observed limit, LO (+ 102 )
W - = = = 95%CL Expecte ¢ 10
. CL Expected limit ( L po - 95%CL Expected limit, LO (+ 10 o)
diide 1w 2, LO E
< n=d4 LO —= 95%CL Observed limit ATLAS 2010, LO
X 10 'és
~~~~~~~~~~
© H ATLAS
- 3.5 -
< \s=7TeV, | L=47b'

Number of extra dimensions
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arXiv: [hep-ex 1209.4625] ‘

monophoton C

TLAS

J Bexperiment

% ATLAS: 7 TeV, 4.6 fb'! of data

'/

< Prediction from Alpgen and Sherpa MC normalized in hybrid
W+y/Z+y data control regions

Electron and jet fake rate estimated from data

% Statistics limit the use of data-driven, but MC more reliable for
QED than for QCD

= L _.1_'!3:-,,:! z_:(_;‘f,_':.,';r:_,\,:, """"" Background source Prediction  + (stat.) =+ (syst))
(.’J 102 ATLAS C\}‘,:;" Z(—= w)+y 03 16 + 8
2] 1 - - .
E .[Ld1 =4.61b" = I\gpz:'l-h;(ln. multi-jet, dibosen /:/.}) Fddbid ‘:'4 i t.]: ; ‘jll
e, ™ RIS, 1oy .o S & = 22
Ry WIMP, D5, mf=10 GeV, M=400 GeV WIZ + jets I8 ' t 6
’ mw)#ﬁ! " ; top 0.07 + (.07 + 001
— ez ez WW, WZ. ZZ, vy 0.3 + 0.1 + 0.1
10" o y+jets and multi-jet 1.0 + 0.5
Non-collision background : -
™ s cecay Total background 137 + 18 + 9
Events in data (4.6 fb™1) 116
10 3
150 200 250 300 350 400 450 500 Data agreement

EM [GeV)

with SM predictions
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< Signal; A x € ~20%

limaits

Independent of M and number of extra-D

Also tested on generic dark matter model: vary between 18% and
23%, with only a small dependence on WIMP mass

% 95% CL limits on:

S : T T T T T
Q@ 2E........ ATLAS \s=7 TeV.J‘LdT.,4_6 fo' =
OXAXxE = 6.8 fb-1 r: 1 e
o AxE= 20+ 1% 1.6f ]
95% CL limits, NLO Theory
5 4 : - : ===~ ATLAS Observed Limit + 16 (theor
% NL() Cross section USCd 1.4 ST ATLAS Ex,,s&:fd L.I,?:,l:(. 1(;)[heow)
CMS (51b")
ol - CDF ]
A FUEE Ve DO
% Limits are almost — LEe .
independent of n af e e
Rl | | | | it ~
2 3 4 o 6

Number of Extra Dimensions
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DM interpretation of mOIlOJ et

< Limits above relic density tell that = 1200F ATLAS
32 .
other operators must account for the = | .
] 9 [ |Ldt=4a71
difference g |
5 SO0
% Bounds on M* for a given m, canbe & * A
bt perator SR3, 90%C
converted to bounds on WIMP— 400) e
nucleon scattering cross sections 200 Memaireic
Compare to direct DM experiments 1 " WIMP mass m, [GeV]
Best spin
» : _ _ ATLAS \s=7TeV. 4.7/ 90%CL ATLAS 18 = 7 TV, 4.7 Ib ', 90%CL
dependent llmlts EHT XENON100 2012 D1: o= j(x7), . IFH) ‘-.‘ SIMPLE 2011 «— DB: qi— j(x%)
=i COMSI| ow-energy  _o_. D5: g j(x0), . { = :;,\" o f: o, == D968 J(xX)
for m,<1TeV 5, = SR, — 0o, §io®)—-ows@ill o

05 CMS ad— i(x7) L. .

o

Best spin
independent limits ‘
f(.)r mx < 10 Gev JH)"' i Spin-independent | I '“ t '

1 10 10° 10° 1 10 10 10
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]

> 2
\\

=]
.

WIMP-nucleon cross sectior
[ ]
»
»
L]
»
]
WIMP-nucleon cross sectio
L
*
\Y
\ \\\
\Q'\\ =2

o
t L |
L ]

]

§
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DM interpretation of mOHOJ et

< Limits above relic density tell that S 1e0of aTLAS
other operators must account for the = - o
. L) Ldt=4.7fb
difference g |
R Ve ——
% Bounds on M* for a given m, can pe 2% AT,
bt perator SR3, 90%C
converted to bounds on WIMP— 400) I PR R
nucleon scattering cross sections 200 Memaireic
| i L L bdoiadl L bk ddobaad
Compare to direct DM experiments 1 " WIMP mass m, (GeV]
Best spin
» L _ATLAS \s=7TeV, 4.7/ 90%CL ATLAS 15 = 7 TeV, 4.7 Ib ', 90%CL
dependent limits & XENON100 2012 O1: 8- J(xD), B, a5 —— SMPLE 2011 o DB: g6 j(X)y,, |
S o™ CDMSI| low-energy o D5 o 'J‘[}f“ " .)H) [ :’H-' h ": o), = D9: 0 'l[;(}()“" . l

f CoGeNT 2010 .
fOr r‘],)c < l TCV 210% DS: COF o j(x@),, ™ D11: gg— j(x%),,, .

1[) o D8: CMS o » 1T, l. 1"r‘uu.-.-.\,
05: CMS ad— i(x7) L. . \

o

SS section |

1]
|

Best spin
independent limits
for m, <10 GeV

(]
[

WIMP-nucleon cross sectio
> o
»
»
»
v
»
]
Cros
|
*
L]
\Y
.‘.‘ \\‘
\Q'\\

= o
\\
WIMP-nucleon cr
=)
L3
]
|

o
t L]
L ]

]

L]

p I|) !I

1 10 10° 10° 10 10’
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]

o
[]

o
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Virtual graviton

< Coefficients in Ly are UV-dependent (unknown parameter A)
Tree-level operator (dim 8) giving spin-2 contribution to scattering
Predictions are model-dependent

Since full framework breaks down at a scale ~Mp,, assume A=M,

< The techniques employed to detect effects of compositeness can
be directly applied to study effects of the local operator T

Addition of virtual graviton to SM L modifies Drell-Yan
production cross section, especially at high mass:

Interference term proport to 1/M¢* = mn,/A?for C.I, n, =%1

% Assume GRW convention

Pure contact term proportto 1/M¢® = 1/A%for C.I
Unresolved mass spectrum of various KK-modes

=» look for deviations in high M,, distribution
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Virtual graviton

<+ Coefficients in L s are UV-dependent (unknown parameter A)
Tree-level operator (dim 8) giving spin-2 contribution to scattering
Predictions are model-dependent

Since full framework breaks down at a scale ~Mp,, assume A=M,

< The techniques employed to detect effects of compositeness can
be directly applied to study effects of the local operator T

Addition of virtual graviton to SM L modifies Drell-Yan
production cross section, especially at high mass:

Interference term proport to 1/M¢* = m;/A?for C.I, n  =%1

% Assume GRW convention

Pure contact term proportto 1/M¢® = 1/A%for C.I
Unresolved mass spectrum of various KK-modes

=» look for deviations in high M,, distribution
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arXiv: |[hep-ex 1112.4462]

The Search

< Look for excess in Min{M, }, not for a peak

.”.“i ?

Drell-Yan predicted from MC

Total background normalized to data under Z peak

E ] _ = o e Data 2011 ' T j
E '10h E B Standard Model — A= 3TeV A= 3TeV "E
2 10 'det fofp’ TN Aoy
8 o ee okt — A= 7TV eAt= 7TeV Cumulative
4l - A =12 TeV A =12 TeV . . .
g 108 No=7TeV distribution
= :
s 10F
° 10k
@ -
€ 10f
3 E Muon channel
1E also considered
10 1 Z,
1 0 2 ‘ T I I 1 1 1 =il
80 100 200 300 400 1000 2000

moy" [GeV]
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Limits on Contact Inter.

 Use bayesian approach with 1/A? prior

% 95% C.L. limits on A with constructive and destructive
Iinterference

< Limits slightly weaker if A* prior 1s rather used

Channel Prior Expected limit (TeV) Observed limit (TeV)

Constr. Destr. Constr. Destr.
ete” 1/A* 9.6 9.3 10.1 9.4
/A" 8.9 8.6 9.2 8.6
utp 1/A%* 8.9 8.6 8.0 7.0
/A" 8.3 7.9 7.6 6.7
Comb. 1/A* 10.4 10.1 10.2 8.8
1/A* 9.6 9.4 9.4 8.4
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DiphOton ‘ ATLAS-CONF-2012-087

< RS diphoton channel also used to constrain virtual graviton

, ) ) m L ] ——
X Slgnal region considered: 5 70 o MonteCarlo predictions ~ ATLAS Preliminary
> 1
> i Observed limit W:J Ldt=49fb
Myy>1217 GeV 6 m
Iy ) S Expected limit Ny =7 TeV
Optimized for Mg=2500 2 50\ espected: 1o
GeV, n=2, in GRW 8 40k Expected:2o
convention S %
P
bl 20
< 95% C.L. limits on 1/M* »
OF N um!n%t-“—/ n =0.0115 ]
P T T Y L ]
-0.04  -0.02 0 0.02 0.04
n. [TeV)
K-factor ADD GRW Hewelt ' HLZ
Value Parameter Pos. Neg. n=3 n=4 n=5 n=6 n=7
I neg observed | 0.0115 | 0.0115  -0.0191 0.0115
M observed 3.05 2.73 2.40 363 305 276 257 243
1.70 i observed | 0.0085 | 0.0085 -0.0159 0.0085
M, observed 3.29 2.94 2.52 392 329 298 277 262
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Models Assumptlons (I)

< Set 1n the ADD scenario > I
/R,
< Semi-classical approximation '
- K
Valid for Vs >> M, qua;( -
; a N,
=» assume a min threshold (M) o i

% Two classical solutions depending on relative angular
momentum between incoming parton (spin ignored) :

Schwarzschild solution (non-rotating BH)

Kerr solution (rotating BH)
<+ BH evaporate (Hawking radiation):

=» determine multiplicity and energy spectrum Pleasetict

Pleeaassee!
Larger for lighter and highly rotating BH
Grey body factor modify emission spectrum

< Depend on spin, n and BH properties
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Set 1n the ADD scenario 7 I
/R,
Semi-classical approximation '
- K
Valid for Vs >> M, qua;( -
=» assume a min threshold (M) ) g e

Two classical solutions depending on relative angular
momentum between incoming parton (spin ignored) :

Schwarzschild solution (non-rotating BH)
Kerr solution (rotating BH)
BH evaporate (Hawking radiation):

=» determine multiplicity and energy spectrum Please tHc! | ‘

Pleeaassee!

Larger for lighter and highly rotating BH
Grey body factor modify emission spectrum

< Depend on spin, n and BH properties
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