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Overview “

eIntroduction:
eMotivation for Extra Dimensional Model Searches
oExtra Dimensional Models

eATLAS & LHC

e Search Signatures/Channels used at ATLAS:
eQOverview of ATLAS Searches & Results

eSummary and Outlook

Further information can be found at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults?redirectedfrom=Atlas.ExoticsPublicResults
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The Standard Model “

Gravity is not included!

Motivation for searching for something beyond the SM....
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Forces in Nature

Electromagnetic

Graviton
(not observed)

Photon

Quarks,
charged
leptons, W*, W-

1

Gravity is very weak! — Hierarchy Problem

Mgy (103 GeV) << Mpn (101° GeV)?

Table from
Cigdem Issever,
Oxford
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ED Model Motivations “

In the late 90's Large Extra Dimensions (LED) were proposed as a
solution to the hierarchy problem Mgy (1 TeV) << Mg, (10*° GeV)?

i i : Randall, Sundrum,
A . D Q\I;/E?_Qt!c s}?gzgesc)l’ DImOpOUIOS’ Dva“’ F s Phys Rev Lett 83 (99)
. 1 highly curved ED
Many (8) large compactified EDs Gravity localised in the ED

In which G can propagate
Mp ~ RaDﬂPl(4+5)(2+6)

Effective My, ~ 1TeV - if
compact space (R9) is large

Planck TeV brane

/\n: M_ple-chn
A~ TeV
if warp factor kR, ~11-12

Since then, new Extra Dimensional models have been developed
and been used to solve/address other problems:
Dark Matter, Dark Energy, SUSY Breaking, etc

These models can be/have been experimentally tested at high
energy colliders

Seminar, UCL, April 2012 Tracey Berry S



nsions? I
If ED exist, why haven't we observed them?

The “extra” dimensions could be hidden to us:

= E.g. To a tightrope walker, the tightrope is one-dimensional:
he/she can only move forward or backward

« But an ant can go around
the tightrope as well ...

ra_dim.htmil

tp:ihwanw particl eadventure. orgi/framele ss/ext

e The “extra” dimensions may be too small to be detectable at energies
less than ~ 101° GeV (E.g. they are small that only extremely energetic
particles could fit into them (so we need high energies to probe them))



Extra Diensions? 1MW

Or only some kinds of matter are able to move in the
extra dimensions, and we are confined to our world.

o
SO D

CIA\ Y
COD ~ &
M \/\Qa Dimensions
1 /

like so.me’rhmg that was forced Our Brane/
to reside on the surface of a

: World
tabletop, being unaware of any
such thing as up or down.
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KK towers/particles “

When particles go into the extra dimensions....
mass |

Like QM particles in a box

6/R

5R

4R

M, = V(M¢?+n?/R?))

IR

Mass l 2R
difference
~ 1/s1ze T 1m

..---"'-'-P-IJI

1= . .
Spacing & (summation of ) KK towers
http://universe-review.ca/l15-74-KK.jpg determines the search signature:

e narrow resonance (RS) or

e broad increase in cross-section (ADD)
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A Q};I:?Qtit—;?gn‘(ngefgc)l, Dimopoulos, Dvali, Q G
(Many) Large flat Extra-Dimensions (LED) could be as large as a few um
In which G can propagate, SM particles restricted to 3D brane

H S Randall, Sundrum, Planck TeV brane

Phys Rev Lett 83 (99)b

Small highly curved extra spatial dimension
(RS1 - two branes) Gravity localised in the ED

-1 Dienes, Dudas, Gherghetta, SM chiral SM Gauge
Tl Iv sized EDgNud Phys B537 (99) NOt Covered he/’e.%ermic@\/\/\Bosons g
Bosons could also propagate in the bulk W, Z v g

U-D W, Z
All SM particles propagate in “Universal” ED @/\f G
often embedded in large ED € U
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= =JFxperimental Signatures of ED "
‘ Covered in this talk

e Large Extra Dimensions (ADD)

e KK Graviton Direct Production - Missing E; signature
Single jets/Single photons + missing ET

Emission

e KK Graviton Exchange - Drell-Yan o S°

Di-lepton continuum modifications Z S et
jet(s)+E;
ADD
e Randall-Sundrum Model

e KK Graviton - TeV resonances

Exchange

Di-lepton and di-photon resonances G
tt-bar resonances 7$§"W§\/
| a.q f

UED Model
e Di-photon + Met ADD RS TeV
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ED Search Facilities! "

LHC: proton — proton collisions
High center of mass energy
Vs =7TeV->8->14 TeV

ALY

Seminar, UCL, April 2012 Tracey Berry 11



LHC data

A - ] i T =
"é 703_ ATLAS Online Luminosity Vs=7TeV e Qo 7; ATLAS Online Luminosity Vs=7TeV -
> =[] LHC Delivered All . E 6— [ LHC Delivered -
g 60;— [ ] LHC Delivered Stable —; § =[] ATLAS Recorded 7
€ =[] ATLAS Ready Recorded = I= 5— _ . 3
=] 50— = S —  Total Delivered: 5.35 fb -
%' B «2010: = ; 4:_ Total Recorded: 5.02 fb™ e
£ 40«30t March — 31st October 1 8 - 2011 :
& 30-48.87 pb! data delivered E g 3 E
£ - -1 = £ - ]
s 200 45pbirecorded E s 2 :
s | e ;

10— — = E
:...I...\...\...\ ...I...I...: 0: ||||||||||||| L vy vy .
28/03 23/04 21/05 18/06 16/07 13/08 10/0908/10 05/11 28/02 28/04 27/06 25/08 24/10

Day in 2010 Day in 2011
-1 . . .
Ofo4§-87 pb™ delivered: equivalent of 2010 dataseft:
40% in the last week collected in one day in 2011 running

over 60% in the last month
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Overall
diameter
2bm

& f==5 =

z i
i

SATLAS s half the
7 size of Nefre-Dame.
Cathedral |




ATLAS mn

Large general-purpose particle physics detector
A Toroidal LHC ApparatuS

Muon Detectors

Electromagnetic Calorimeters

Forwerd Calorimeters

Solenoid ||

Total weight 7000t
Overall diameter 25 m
Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Magnetic field 2 Tesla

Detector subsystems are designed to measure:
energy and momentum of y ,e, y, jets, missing E; up to a few TeV
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A Toroidal LHC AppartuS (ATLAS) DETECTOR

Precision Muon Spectrometer,
o/py=10% at 1 TeVic

’ P resolution: 10-25 % at 1 TeV/c
Fast response for trigger

Good p resolution

Berecor raracerinl (0.0 7' )

Width: 44m
Diameter: 22m
Weight: 7000t

Full coverage for |n|<2.5

Muon Detectors Electromagnetic Calorimeters
||‘|I

W
1

Solenoid CERN AC - ATLAS V1997

/d Calorimeters
i End Cap Toroid
/

Hadron Calorimeters,
o/E =50% / VE(GeV) U 3%

Good jet and E; miss performance

Inner Detector:

Si Pixel and strips (SCT) &
Transition radiation tracker (TRT)
o/p; =5 x104 p; 0 0.001

Good impact parameter res.
0(dy)=15um@20GeV

i Inner Detector ' taldi
Barrel Toroid Hadronic Calorimeters Shielding

Magnets: solenoid (Inner Detector) 2T, air-core toroids (Muon Spectrometer) ~0.5T
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Large ED (ADD) : monojet

Large ED (ADD) : diphoton

UED :yy + ET e

RS with k/M, = 0.1 : diphoton, m,,

RS with k/Mg, = 0.1 : dilepton, m,

RS with k/M, = 0.1 : ZZ resonance, m, .
RS with g !g =-0.20 : tf — +jets, m

ADD BH (M7 TM_=3) : multijet, xp _ NM:

ADD BH (MTH!M =3): 8S dimuon, Nch_ part
ADD BH (M, /M,=3) : leptons + jets, ¥p
Quantum black hole : dijet, F (m

Extra dimensions

G qqll Cl : ee, pp combmed m”
uutt Cl : SS dilepton + |ets + E

T miss

4" generallnn Q, E'.'E - Wqu
4" generation : u U — WbWhb
4" generation : d H —s WitWt
New quark b’ : b'B'— Zb+)( m_,
-lep + jets + E

............................ T miss..

et resonance, n’i
dijet resonance, mjj
e-y resonance, m_
'p-y resonance, m

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

Excited quarks :

Excited muon

E
&
3 Excited electron :
a2
L

Techni-hadrons : WZ resonance (vlll} m

Major. neutr. (LRSM, no mixing) : 2-lep +Jet3
Wy (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H“—mp)-ﬂ S5 dimuon, m,
Color octet scalar : dijet resonance, m
Wector-like quark : CC, m,vq

Other

Sen

ATLAS Exotics Searches*

ATLAS Exotics Searches

- 95% CL Lower Limits (Status: March 2012)

L=4.9-5.0 fi5” (2011} [ATLAS-CONF-2012-007]
L=1.0b” (2011} [1108.1318]
L=1.01b" (2011} [1112.4828]
L=1.01b" (2011} [Preliminary]
L=1.01b" (2011} [1202.3389]
L=1.0b™ (2011} [1202.3076]
L=1.01b" (2011} [Preliminary]
L=2.01b” (2011} [Freliminary]
L=1.0b” (2011} [1108.4725]

Mg (8=2)
M s (GRW cut-off)
Compact. scale 1/R (SPS8)
Graviton mass
Graviton mass
Graviton mass
KK gluon mass

A (constructive int.)

My, (8=6)
M, (5=6)
My, (5=6)
My, (5=6)
A
A

221Tew £’ mass

245Tev . VW' mass
eeoGev 1° gen. LQ mass
ssscav 2" gen. LQ mass

250 Gev () , Mmass
404 GeV| U, mass
480 Gev  d, mass
400 GeW D' mass
az0Gev. T mass (m(

A ) <140 GeV)
' q* mass
g* mass
e* mass (A = m{e”))
u* mass (A = miu*))
prmT mass {m(prmT) -m(n;) =100 GeV)
p, mass (m(p_) =m(ry) +my,, m(

N mass (m(W_) = 2 TeV)

W mass (m(N) < 1.4 GeV)

H" mass
Scalar resonance mass
Q mass (coupling ko = vimg)

Q lmass {couplmg xqo =vimg) |
RN [

a,)=1.1mip,))

ATLAS

Preliminary

der =(0.04 - 5.0) fo”’
fs=7TeV

10"

*Only a selection of the avaifable mass limits on new states or phenomena shown

1 10

10°
Mass scale [TeV]
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Large ED (ADD) : manojet

Large ED (ADD) : diphoton

UED W ' ET Mmiss

RS withkiM, = 0.1 diphmnn,}ﬂ.rr

RS with kM, = 0.1 dilepton, m,

RS with kIM;, = 0.1: ZZ resonance, m, i

RSwithg /g =-0.20:1f - I+jats, m
ADD BH (M, TM=3) : mul ijetEp N
ADD BH (M-, IM=3) SSdlmunmNch at
ADD BH (M., IM=3) leptons + jets, Ip
Quantum black hole : dijet, F (m

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

Exitra odirrmrensions
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ATLAS Exotics Searches

“

ATLAS Exotics Searches® - 95% CL Lower Limits (Status: March 2012)

[ ||||||
M, (52)

M (GRW cut-off)
Compact. scale 1/R [SPSE)

Graviton mass
Graviton mass

Graviton mass

KK gluon mass
My (6=5)
My (6=6)
My (6=6)

My (0=6)

Tracey Berry

ATLAS

Preliminary

qu (0.04-50)ft"

3=7TeV

17
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Universal Extra Dimensions "

Standard/Minimal UED

a All particles can travel into the bulk, so each SM particle has an infinite tower
of KK partners
A Spin of the KK particles is the same as their SM partners
A In minimal UED: 1 ED compactified in an orbifold (51/Z2) of size R
O KK parity conservation - the lightest massive KK particle (LKP) is stable
(dark matter candidate).
d Level one KK states must be pair produced
O Mass degeneration except if radiative corrections included

g1
600
__ 5
— 1570 3 The model parameters:
e > compactificaton radius
21t 535 3 R, cut-off scale A, m,,
AN 2
1/6 b =1
515
yl 500
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NS

¢ a4 Present Constraints on UED "

Bounds to the compactification scale:

= Precision EWIK data measurements set a lower bound of
R1> 300 GeV

Phys. Rev. D64, 035002 (2001) Appelquist, Cheung, Dobrescu

= DARK MATTER constraints imply that
600 < R'! <1050 GeV

Servant , Tait, Nucl. Phys. B650,391 (2003)
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Effective theory of one TeV-1size UED valid
at >1/R (R = ED size)
—SM particles in bulk—KK excitations
—Mass degeneracy of KK excitations
broken by radiative corrections
-Lowest KK particle y* decays to y +G

eExpect excess of UED events at high E{"ss:

—No events observed in E;Mss>125GeV
—Background events expected
0.10+0.04(stat) £0.05(syst)

UL @ 95% CL on 0<0.18-0.23pb for
1/R=700-1200 GeV in UED model
eExclude @95% C.L. 1/R<961 GeV

arXiv:1107.05661, submitted to EPIC
Seminar, UCL, April 2012 Tracey Berry

Events / 5 GeV

Universal Extra Dimensions
Diphoton + EMiss

m
@

07— 77—
—+— Data 2010 Ns =7 TeV)
I QCD
10? Woev+jets, W—evy,tt—ev+XF
GGM m; = 600 GeV, 3
m, = 300 GeV
Y UED 1/R = 900 GeV E
ATLAS
1 I Ldt = 36 pb’ E
107 \_'_,.ﬂ =R WS- =
10'2 I E EJ"E . 1 L1 l IR R I SRR o | ! 1
0 50 100 150 200 250
ET* [GeV]
UED: N =6, MD =5 leV,AR =20
3 k\ T | L ‘ L | T L | L T | T T T | T |7
%‘ I Expected CL, limit
10L — Observed CL; limit B
g + 20 =
C —— UED LO cross section ]
_[Ldt =36pb' \s=7TeV
1 |
107F E
- ATLAS
10‘2 11 | 111 1 l L1 1 | | 111 | | 111 | | 111 1 I 11
700 800 900 1000 11 O(/) 1200

1/R [GeV]



Model

Monojet: (ADD)
Diphotons (RS+ ADD)
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(Many) Large flat Extra-Dimensions (LED),
could be as large as a few um
the maximum total number of dimensions is 3(our) + 6(extra)=9

G can propagate in ED Q G

SM particles restricted to 3D brane

The fundamental scale is not planckian: Mp= My 4.5 ~ TeV

Model parameters are: 2w RO (2+3)
= = number of ED Mpi” ~ RMpi(4+5)
= M, (4+0) = Planck mass in the 4+& dimensions

For My ~ 101° GeV and Mp445 ~Mgy H‘R ~1032/2x10-17 cm
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1 ;_\:j’;%resent Constraints on the A ) D ModeI“

Mpi ~ Ré)MPl(4+5)(2+5)
For My ~ 10%° GeV and Mp445 ~Mgy —|R ~10%2/°x1017 cm Q G

> 0=1 - R ~1013 cm, ruled out because deviations from Newtonian
gravity over solar distances have not been observed

» 0=2 - R ~1 mm, not likely because of cosmological arguments:

In particular graviton emission from Supernova 1987a* implies M,>50 TeV
Closest allowed Mgy, value for 8=2 is ~30 TeV, out of reach at THC

Can detect at collider detectors via:
ssgraviton emission
“Or graviton exchange

»LEP & Tevatron limits is My 4,5 ~> 1TeV
»0>6 difficult to probe at LHC since cross-sections are very low

*Cullen, Perelstein
Seminar, UCL, April 2012 Tracey Berry Phys. Rev. Lett 83,268 (1999) | 24




™) ADD Collider Signatures mn

> Real Graviton emission in association with a vector-boson

Signature: jets + missing E;, V+missing E;
o depends on the number of ED

® qq ? 9G u- q9 — G ® gg g—} qG 5
“* & - q q

PPl 'I.z'}.‘. _,J'_.r' 1 .:,I-? . " Rk 1 l_r.!{- |

5 e g g g -

>Virtual Graviton exchange
Signature:

i . . L = ST I S R PR
deviations in o and asymmetries of SM processes 07 Broad increase ih |
e.g. qq - I*I, yy&new processes e.g. gg - I & |}l  spaced summed
qq — 1*]- 99 — 1*]- ) ; over KK towers |
q- ¢ g # Excess above %10—2;— IS . R

N g LN di-lepton continuum =% M omTer.

T \ T - L .

i I " JCDFRuNT R
AL M,

200 400 600 800 1000
Seminar, UCL, April 2012 Tracey Berry



Real Graviton emission
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Missing ETtrigger

ADD: Monojet Search
a single jet plus missing ET

ADD: Graviton Emission: Produce jet + G
G disappears into the extra dimension
Signature: single (high pT) jet and missing E;

eSignal region (“HighPt")
—p1> 250 GeV, missing E-> 220 GeV
—p2< 60 GeV, Ap(j2, missing E;) > 0.5

—No reasonable e’s, u’s

Good Agreement between data and background
prediction: 965 events: 1010 £+ 37 (stat) + 65 (syst)

o)
&
<
X
o

eModel-independent
limit on o*Acceptance
@ 95% CL =0.11pb
Using Acceptance from
ADD signal samples
(Pythia): 95% CL on
fiducuialc = 0.13 pb

Seminar, UCL, April 2012

0

dN/dET™®  [Events/GeV]

S L B B B L B
—— ADD signal: n=2

—— ADD signal: n=4
— = 95% CL Exclusion

ATLAS Preliminary

o TN
1500 2000 2500 3000 3500

Tracey Berry

e I
4000

M, [GeV]

—
S

10°
10?

10

Mg lower limit [TeV]

“

ATLAS Preliminary
- [ ] Z(—vv) +jets
Ldt=1fb

IIII|T|T| IIIII|T|'| TTTT

aaaaaaaaa

Ns=7TeV  [TJz(-l)+jets

aaaaaaaaaaaaa

L B B S B Sy e s e
—e— data 2011
Total BG

W (=Iv)+jets
C—JacD

t
...... ADD (n=2, MD=2.0 TeV)
............ ADD (n=6, MD=1 5TeV)

ILI.I.L| IIIIILI.I] IIIILI.lI.l IIIIIIII| IIIIII.I.lI__

300 400 500 600 700
ET [GeV]
= T T T 7
? J Ldt=1fb' ATLAS Preliminary E
53 16 Ns =7 TeV —— ATLAS 2011 E
e S CDFrunll 3
= e LEP combined =
= Extends the reach of prévious 3

2

3 4 5

(o]

Number of Extra Dimensions

ATLAS-CONF-2011-096; 1 fb-1of 2011
2010: arxiv:1106.5327, submitted to PLB (33 pb1) 27



Original LHC Data / Prospects

Sounding 1year

ballon /| HC data
(30km) = (~20 km)

Concorde 7 * 2009: 10 7<)’ 100 phb”’

(15 km) o Jow ‘[:um: 2x10%% emis™ O("Oﬂfjlyl")
— * Aigh (Lum: 10* em?s™? 100 fb'/yr
Mont-Blanc ¢
(4.8km)
. _ lyear
" ATLAS
datal
(7km)
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DD Discovery Limit:jet+G Em|SS|on“

Real graviton production DD  jet+GKK
100 fb-1 E |1w'["—"-'}. W) %E

—l JW{Tv)
L] s2pew)

Evonts { 20 GeV

99 -gG, qg*qs & qq - Gg

Dominant subprocess BN S P

- ® sighal &=2 M, =4 TeV
signal =2 M =8 TeV
& signal =3 My=5TeV

.."'-h., m signal é=4 M = 5TeV
.

QSignature: jet + G = jet with high transverse " = .,

energy (E;>500 GeV)+ high missing E; |

(E{Mss>500 GeV),

O vetos leptons: to reduce jet+W bkdg mainly

O Bkgd.: irreducible jet+Z/W —jet+vv /jet+lv "o e
jZ(vv) dominant bkgd, can be calibrated
using ee and pp decays of Z.

10 |

Disc

pia+d) (TEV)
LL 30fb1
100fb-1

L.Vacavant, I.Hinchcliffe, ATLAS-PHYS 2000-016
Seminar, UCL, April 2012 Tracey Berry J. Phys., G 27 (2001) 1839-50 29



Measuring o(pp - jet+GKK) gives ambiguous results

Events | 20 GeV

f e = 14 TeV ‘
o} E1 pweny, W e
E-H 100 fb- 1% )

_l JW )

[ szt

ner-»

= otal background

® signal =2 M, =4TeV
signal =2 M, =8 TeV
a signal i=3 Mg =5 TeV

ﬁ"'-\.. m signal =4 My =5TeV
_‘

- L M T S e I=1 L L | Wy -
250 500 750 1000 1250 1500 1750 2000
Epmiss (GeV)

Use variation of g on Vs
o at different Vs almost
independent of M, varies with &

Rates at 14 TeV of 6=2 My=6 TeV very
similar to =3 My=>5 TeV whereas

Rates at 10 TeV of (6=2 My=6 TeV) and
(0=3 Mp=5 TeV) differ by ~ factor of 2

Seminar, UCL, April 2012 Tracey Berry

Run at two different Vs

“0.08

- 0.06

0.04

0.02

e.g. 10 TeV and 14 TeV, need 50 fb

— i - W Wi [ 1 I!f.'l ol ""‘“;‘a"—"z

- -i------i------—i-—------;----;--;---i---- .... ,i------éﬁ#:; ......
:_ ........................................................................................................ .ﬁ=4 ......
__I-" -;“;.-|"|ml ”| ----- |- |"-|m| ----- |”;“;.-| ------ |m|“; -| ----- ||-|| ----- |“|“-|m|“ “|"|"-|- -|”;"|“;"|- .|-“|“
1 2 3 4 5 6 7 8 9 10

M, (TeV)

L.Vacavant, I.Hinchcliffe, ATLAS-PHYS 2000-016
1.'Phys., G 27 (2001) 1839-50 30



+EAIADD Discovery Limit: y+G Emission [/{)

J. Weng et al. CMS NOTE 2006/129

Real graviton production  pp_, y+GKK

4 yvG = high-p; photon + high

Integrated Lum for a 50 significance discovery

missing E;
Mp /n n=2 | n=3 | n=4 | n=5 | n=6
At low p; the bkgd, particularly Significance} s=2(V(S+B)-VB)>5
irreducible Zy - vvy is too Mp=10TeV | 021 b [ 016 ' [ 014 b7 | 015 ! | 015 !
large= require p-|->400 GeV Mp=15TeV | 083 fb~" | 059 ™" | 036 b~ | 0.61 7' | 059 fb~!

Mp=20TeV | 28~ | 2087 [ 1o~ | 21870 | 23 7!

Mp=25TeV | 90~ | g2f~" | 87~ | 04! | 100 !
L Main Bkgd: Zy - vvy, Mp=30TeV | 478 o~ | 464 ' | 644 b~ | 1008 b~ | 2612 fb~°

N\

Also W - e(u,t)v, Wy- ev,

@e‘f Sa iﬂ'}' not possible ﬂll}'lD

Mp= 1- 1.5 TeV for 1 fb!
2 -2.5TeV for 10 fb?
3 - 3.5 TeV for 60 fb-1

y+jets, QCD, di-y, Z%+jets

Seminar, UCL, April 2012 Tracey Berry 31



::*s? y

ATLAS
pp - y+G*: qq - yG*
Rates for M= 4TeV are very low

t-“‘ ,%ADD Discovery Limit: y+G Emission “

= ||'|‘] <25 = s0ft truncation

M, =2 TeV all o=3

M MAX (TeV) | 5=2
HL 100fbt |4

=+ background { y + Z{vv] )

o(pp =7+ G) (fb)

For &>2: No region where the model
independent predictions can be
made and where the rate is high " W
enough to observe signal events e ““‘\\ '
over the background.

\ Hﬁ““-—. "\«_\\ "*‘.‘ l
10'|||||||||||||||-T‘r--1'.l||||||"|'"‘r*-u_-|||"fu.|||| L1

100 200 300 400 500 600 700 800 900 1000

This gets worse as & increases Ery (GeV)

e Better limits from the jet+G emission which has a higher production rate

This signature could be used as confirmation after the discovery in the
jet channels 9

ner->»

L.Vacavant, I.Hinchcliffe

ATLAS-PHYS 2000-016
Seminar, UCL, April 2012 Tracey Berry J. Phys., G 27 (2001) 1839-50 32



Model

Graviton Exchange
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>Virtual Graviton Emission
>Virtual Graviton exchange

ADD Collider Signatures

“

Signature: deviations in o and asymmetries of SM processes
e.g. qq - I, yy & new processes e.g. gg - I*I-

qg - I'1” gg - 117
q - I q I
AN G
q ( ) £
— +
aq -y

= Parameterise o in terms of , =_4
M 4

- S

| r 2
{Trm — Lri‘p-]lll'f 4+ IIFGJT-HT + TFG{TG'.

Seminar, UCL, April 2012 Tracey Berry

- Broad increase in ¢ due]
to closely spaced-
summed over KK
towersH

CDFRunT  Soifey 3

A=+1
-II|I|||.'{II|III|I

200 400 600 800 1000

34



T M RS GT->yy “
S50 Analysis Procedure & Event Selection

Select events with two diphotons

0

Search for excess above SM expectations in high invariant mass region

/ Diphoton channel \
®Trigger on 2 y (or e) with E; > 20 GeV
®Good Runs
®>=1 primary vertex with >=3 tracks
®2 v with
®E. > 25 GeV
®passing Tight y ID criteria
®n|<1370r1.52<|n| <237
®E.y Isolation (0.4)< 5 GeV

®Energy correction to reduce pile-up
& underlying event effects

®ece Overlap removal
w can combine results with G->ee resW

Seminar, UCL, April 2012 Tracey Berry 35




Main Backgrounds “

= Irreducible Background SM yy production
{ ' f ] f;

— AN MWW
L ) | Y
— = WT ff
if ] g b g
(a) (b) (]
Born process box process bremsstrahlung process

esimulated with pythia (v6.424) and MRST2007LOMOD PDFs
*pythia events reweighted as a function of m,, to the differential cross
section predicted by the NLO calculation of diphox (v 1.3.2).

= Reducible Background
= v+ (misidentified) jet
= jet + jet
Shape determined using data-driven background enriched control
samples & extrapolated to high mass

= Total Background: normalised to data 140 Gev < myy < 400 GeV

Seminar, UCL, April 2012 Tracey Berry 36



Diphoton Distributions "

ATLAS det=2.12fb'1

V=7 TaV

Events/ bin
| IIIII,Ij_l. | Illlllﬁ I.I.III|_|_|,| | IIIIII_II IIIII|,|,|_|__

E
- -o- Data
1 E + +Reducible background
4 H [ ] Total background
10 syst @ stat (reducible)
n: W syst @ stat (total)
107" ks, k0.1, m = 125Tev
10_3 :g DADD: GRW, m_ = 2.0 TeV L
:I L i I I L i Ll | I -I-'I“hE
i} T ! ] T T ! ] LI — T T T
Q 2r -]
§ of | I
EE‘J -2 | Il 1 | | Il 1 [l 1 ] | | L_E
® 015 0.2 03 04 0506 08 1 1.2 15 2
m,, [TeV]

Good agreement with data and expected background
P=0.28

Seminar, UCL, April 2012 Tracey Berry 37



ADD Limits mn

= Set limit on number of signal events above a given mass threshold
= Translate into a limit on Acc*eff¥xsec Ty = Ty + 1605, + 1506
= Use theoretical dependence between Acc*eff*xsec and ng

= Optimized Search Region m,, > 1100 GeV

Parameter Central value | Relative Uncertainty
Integrated Luminosity 2.12/b7! 3.7%
Number of data events 2

Number of predicted bkgnd events 1,18+0.24 20%

Limits
= (Observed (expected) 95 % CL upper limit on o = 2.53 (1.95) fb

= Translated into 95 % CL limits on the parameter on n and Mq:n = MA ;
k-factor | GEW Hewett, HLZ >
Value Pos Neg |m=3 m=4 n=5 n=6 n=T
| 2.67 [ 239 213 | 3.18 2.67 2.42 2.25 213
1.7 295 [ 264 226 3.5 2.05 2.67 248 2.35
38

Seminar, UCL, April 2012 Tracey Berry




ADD Discovery Limit: G Exchange "

] o= CE=FY J‘/‘F‘J
pp - GKK_, Virtual graviton production
- Two opposite sign muons in the S ol
final state with Mppu>1 TeV £ EIEZ:: ADD Discovery Limit S
eIrreducible background from Drell- £, ool
Yan, also ZzZ, WW, WW, tt = 1o
(suppressed after selection cuts) :EI:
e PYTHIA with ISR/FSR + CTEQ6L, o5 [
LO + K=1.38 ok
channel 1 2 3 4 D 4.0
huninosiv 3.8 '
£ Mz (TeV) 6.3 56 51 4.9 - :
A 10 b S/B 36/18 36/18 39/25 34/13 aer " S P
TY M (TeV) 7.9 73 6.7 6.3 Integrated Luminosity, fio”
100 fbh~? S/B 50/53 55/72 5L
1fb1l: 3.9-5.5 TeV for n=6..3
Mz (TeV) 6.6 5.9 54 5.1 1. _ —
0 /B | 31 sifs 06 3006 10 fbl: 4.8-7.2 TeV for n=6..3
Ir-+£_ J\_H;”M EFI{J":' T._-j T::.I ?ﬂ ﬁﬂ 100 fb-l: 5-7-8-3 TeV for n=6- -3
100 b~ S/B 49/48 38/21 36/16 29/6 300 fb1: 5.9-8.8 TeV for n=6..3
Fast MC
10 b= | M@ (TeV) 7.0 6.3 5.7 54

YA 100 bt | MzeT (TeV) 81 7.9 T4 7.0

Belotelov et al.,

V. Kabachenko et al. CMS NOTE 2006/076, CMS PTDR 20(
ATL-PHYS-2001-012 39



B2 ADD Discovery Limits Summary [I'¥)

il

Can use LHC to search for ADD ED with 6<6
0<=2 ruled out
Mp>2.1 - 1.3TeV (n=2, 7) from Tevatron

Photon+Met CMS
Discovery above 3.5 TeV not Jet+Met ATLAS
possible in this channel Mpase)"™(TeV) |8=2 |3=3 |[3=4
MD= 1- 1.5 TeV for 1 fb1 LL 30fb1 7.7 6.2 52
2 -2.5TeV for 10 fbl -
3 .35 TeV for 60 fbt HL 100fb-t 9.1 7.0 6.0

CMS Exchange limits:

1fbl:  3.9-5.5 TeV for n=6..3 ATLAS Exchange Limits

10 fb1: 4.8-7.2 TeV for n=6..3 10 fb=' | M2or (TeV) 7.0 63 57 54
100 fb1: 5.7-8.3 TeV for n=6..3 AT 100 | Mpes (TeV) 81 7.9 T4 70
300 fb1: 5.9-8.8 TeV for n=6..3

Seminar, UCL, April 2012 Tracey Berry 40



Model
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Randall Sundrum ED “

R S Randall, Sundrum,
Phys Rev Lett 83 (99)

: 1 highly curved ED

RS Gravitons (G) Gravity localised in the ED

«5-D space-time bound by two 3+1D | Planck  TeVbrane

branes with SM particles localized on —

one and gravity on the other A= Mye®e
s=0 = b—n N~ TeV

eOnly G propagate in bulk resulting in if warp factor kR.~11-12

massive spin-2 Kaluza-Klein (KK) i y

excitations . 3 -7

e k is space-time curvature in ED

::'“\"_______

ds? = e~ ?l¥lp,, dretdz” + dy?

Seminar, UCL, April 2012 Tracey Berry 42



Signature:
Narrow, high-mass resonance states
in dilepton/dijet/diboson channels

The model can be parameterised in
terms of the mass of the lightest
excitation (mg) and the coupling k/Mj,

Model parameters: = e
- . NF=M e R
Grath Scale._ o pl Resonance
1st graviton excitation mass: m;— position
A= miM/kx;, & m,=kx e (], (x,)=0)
Coupling constant: c= k/M,

k = curvature, R = compactification radius

Seminar, UL, mpin cvac vavouaiasi, HeWaEERBESY

Signature for RS Model

do/dM 102t

KK excitations can be
(pb/GeV) ited individually on
104+ \I\ res](?nance

m
@

L R R K/l\/lp|

o LHC h \‘\ K’\_-o, 1

38 :
101500 Gev Gy,

" and subsequent towe teS'O'05
10_10 A P R PR N 0.0l
1000 3000 5000

M, (GeV)

Width of resonance is proportional
to mg and to (k/Mp,)?

Narrow intrinsic width if k/Mp<0.1
(k is space-time curvature in ED)

43



Signature for RS Model

Narrow, high-mass resonance states
in dilepton/dijet/diboson channels

09,99 - Gy — €€, 1 ,yy, jet+ jet

BR to gg twice that to ee or mm

qg - 11~

N ¢

Seminar, UCL, April 2012

gg - 117
g £
%, G
g i
+
Qg -rVy
8 y
e {
g b
Tracey Berry

Branching Fraction (%)
=

10

-
=,

“

0 05 1 1.5 2 25 3 3.5
Graviton Mass {TeV)

Davoudiasl, Hewett, Rizzo
hep-ph0006041 44



“

RS Searches for Extra Dimensions

Dileptons (RS)
Diphotons (RS+ ADD)
9qqokk/ 9s: tt-bar->1+jets(H,+E;™'ss )(RS)
ZZ resonance (RS)

Seminar, UCL, April 2012 Tracey Berry 45



RS ED G*:
S50 Analysis Procedure & Event Selection

Dileptons

m
@

Select events with two leptons of same flavor (ee, pp)

Search for excess above SM expectations in high invariant mass region

Muon channel

ﬁgger on single Muon with \
pr > 22 GeV

®Primary vertex with |z|] < 200 mm
®2 muons with:

* pr > 25 GeV

°In| < 2.4

e Hits in all 3 (+2) muon stations

e Hit in non-bending plane

* Veto overlapping hits in barrel

and endcaps
°|dy| < 0.2 mm, |z] <1 mm

«Isolation: Zp;7*<0.05 p; within
a cone of AR < 0.3

k-Opposite charge

Seminar, UCL, April 2012

/ Electron channel \

®Trigger on single Medium
electron with E; > 20 GeV
®2 electrons with:
e pr > 25 GeV
°|n| < 2.47, exclude crack region
e 137<|n| < 1.52
e Medium Electron ID
 Hit in first pixel layer ("Blayer”)
e Isolation:Z£-AR < 0.2) <7GeV

Tracey Berry

» No opposite charge requirement

/ k— to minimize impact of mis-ID/

46



L:% Analysis Procedure & Event Selection “

Total signal acceptance for Z' (G*) ->ee

71 % (72%) for a mass of 2 TeV

Z' (G*) ->pp 43 % (47 %)

Muon channel

ﬁgger on single Muon with \
pr > 22 GeV

®Primary vertex with |z|] < 200 mm
®2 muons with:

* pr > 25 GeV

°In| < 2.4

e Hits in all 3 (+2) muon stations

e Hit in non-bending plane

* Veto overlapping hits in barrel

and endcaps
°|dy| < 0.2 mm, |z] <1 mm

«Isolation: Zp;7*<0.05 p; within
a cone of AR < 0.3

k-Opposite charge

Seminar, UCL, April 2012

/ Electron channel \

®Trigger on single Medium
electron with E; > 20 GeV
®2 electrons with:
e pr > 25 GeV
°|n| < 2.47, exclude crack region
e 137<|n| < 1.52
e Medium Electron ID
 Hit in first pixel layer ("Blayer”)
e isolation: ZE£-(AR < 0.2) <7GeV

Tracey Berry

» No opposite charge requirement

/ k— to minimize impact of mis-ID/

47



Highest mass ee event "

~ E. 329 GeV (n, ¢)=(2.00, 1.02)
Mee= 1.66 TeV Er 217 GeV (1, ¢)=(-1.60, -1.83)

ATLAS 2011-10-04 05:39:53 UTC sourca-JiveXML_190300_75300042 run:190300 ev-75300042 fumiBlock:388  Allaniis

B EXPERIMENT

Run Number: 190300, Event Number: 75300042
Date: 2011-10-04 05:39:53 UTC

Seminar, UCL, April 2012 Tracey Berry 48



Pe st

Seminar, UCL, April 2012

Tracey Berry

M__=1.25 TeV

P; of 648 GeV
(n, ¢) = (-0.75, 0.49)

P of 583 GeV
(n, @) =(-0.36, -2.60)

49



*SM Z/y Drell-Yan (irreducible, primary
background)
v¥/Z-> 1*I

*QCD (electron channel only)

«Top quark pair production
where tt goes to e+e-, mu+mu-

*SM W+jets (electron channel only)
where the jets are misidentified
as electrons

*Dibosons (WW, WZ, Z2)

«Cosmic Rays (negligible contribution to
muon channel)

Seminar, UCL, April 2012 Tracey Berry

Events

0% ,IATLAE‘I, e Daazot
10° Sloioson

10* .[ Ldt=1.21 fb_1 =§V+Jets

10° \s=7TeV %89(?000 GeV

Events

Main Backgrounds “

C1G*(1250 GeV)
CJG*(1500 GeV

80 100 200 500 1000 2000
my, [GeV]
10° i ae eDi
10° ATHAS % %z*:siﬁ
10* JLdt = 1.08 fb-1 =§V+Jets
TR Sty
10? .
10
;
10"
10
80100 200 500 1000 2000
Mee [GeV]
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Main Backgrounds “

*SM Z/y Drell-Yan (irreducible, primary background)
*Produced using Pythia 6.421 with MRST2007 LO*
Interference with heavy resonances is small and ignored
*NNLO K-factors generated using PHOZPR with MSTW2008
*QCD (electron channel only)
sestimated using “reversed electron identification" and others
«Top quark pair production
*Produced using MC@NLO 3.41
*Predicted to approximate-NNLO with 10% uncert.
*SM W+jets (electron channel only)
*Produced using Alpgen
cross-section rescaled to inclusive NNLO calculation of FEWZ
*Dibosons (WW, WZ, Z2)
*Produced using Herwig 6.510 with MRST2007 LO*
*NLO cross-sections calculated using MCFM
«Cosmic Rays (negligible contribution to muon channel)

Seminar, UCL, April 2012 Tracey Berry o1



Dilepton Distributions

Backgrounds are normalised to data in Z-peak region (70 - 110 GeV)

Events

Seminar, UCL, April 2012

107 — '
o e Data 2011
10° ATLAS Preliminary I:IZJE;‘P
5 . [JDiboson
10 ILdt:S.Ofb' Wi
104 Egggts ltijet
(& _ Mmultl
3 Vs =7 TeV C1Z(1500 Gev)
10 [1Z(1750 GeV)

[]Z/(2000 GeV)

2000
m,, [GeV]

Il 1 I 1 Il
100 200 300 1000

Events

The bin width is constant in log(mll)

Tracey Berry

107 —— .
10° ATLAS Preliminary é%ﬁtﬁ 2011
[Diboson
10° ILd1:4.9fb'1 T
© - e
'S = multije
2 's=7TeV [1Z'(1500 GJeV)
10 [1Z'(1750 GeV)
10° [)Z'(2000 GeV)
10
1
107
107°
10— e
100 200 300 1000 2000
m,. [GeV]
52
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Muons

Seminar, UCL, April 2012

Dilepton Kinematics

Good agreement with background expectations

1 06 ATLAS e Data 2011
oz
10° . [CDiboson
; J Ldt=1.211b Wi
w St
. \s=7TeV CIG*(1000 GeV)
10 [JG*(1250 GeV
10% Ef g™
10§
1
10
100 200 300 400 500 600
Leading Muon p_ [GeV]
106 T T T I T T T T I T T T T | T T T T | T T I. ID;tal 2I01I1 T | T
) ATLAS ozy
10 ; [CJDiboson
_[ Ldt=1.21fb it
w Bt
. \s=7TeV CI1G*(1000 GeV)
10 [1G*(1250 GeV)
[JG*(1500 GeV)
10°
10
1
10

I = [T N ST N S

100 200 300 400 500 600
Subleading Muon p_[GeV]

Tracey Berry

Electrons

Electrons

10° e Data 2011
ATLAS o
10° ] I Diboson
g JLdt: 1.08 fo~ L1t
104 ‘ EW+Jets
\s=7TeV 0ach

CJG*(1000 GeV)
C1G*(1250 GeV
CJG*(1500 GeV)

coe by by

100 200 300 400 500 600
Leading Electron ET [GeV]

1 06 ATLAS e Data 2011
oy
10° ; [(Diboson
J Ldt=1.08fb I
w St
5 \s=7TeV C1G*(1000 GeV)
10 C1G*(1250 GeV

CJG*(1500 GeV)

10

100 200 300 400 500 GOd
Subleading Electron E_[GeV]



Dilepton Kinematics

3

3
‘_' 22>_i'0I ' I I ' ' ' ' ' ' ! T I ' ' ' ' I ' ' ' ' | ! T ! '__ — z<|0| T T l T T T T T T T T I T T T T l T T T T | T T T T
o _ - . C =
= ,of ATLAS e Data 2011 © 22 ATLAS e Data2011
2} _ * — - J
§ 165 3 5 18:_J‘Ldt=1.08fb'1 =
— —_ ) - .
14F E W 16 \s=7TeV E
1oE = 14 E
i: z 105 :
: z 8- =
°F E 6F =
45_ E 4 =
2 — oF =
= L o = - E
-3 1 3 3 3
" n
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Significance

Seminar, UCL, April 2012

ATLAS Prelimina

J Ldt=5.0fb"
Vs =7TeV

® Data
E= Background expectation
with syst. uncertainty
B Significance
with stat. uncertainty
B Significance with stat.
and syst. uncertainty

'"'”"“mllll IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII|

—

0.3 04 1 2
m,, [TeV]

p-value = 0.82

Number of events

Significance

— — — — —

= = =] = o o

O [ ] N -t o 1] w
T I|||||| T |||||||| T |||||||| T |||||||| T |||||||| UNRAULLLL

1
—t

dory

New Physics?

ATLAS Prelimina

J Ldt=4.9f"
Vs =7TeV

® Data
E= Background expectation
with syst. uncertainty
B Significance
with stat. uncertainty
B Significance with stat.
and syst. uncertainty

03 04 1

0.2

p-value = 0.13

No evidence of New Physics... so we set limits!

Tracey Berry
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Limits Setting and Errors “

= Because normalize MC to data in Z peak region (70 < m, < 110 GeV)
luminosity and other mass independent systematics cancel between Z

and Z'/G

= Uncertainties treated as correlated across all bins

Table 3: Summary of systematic uncertainties on the expected numbers of events at myp = 2 TeV.
NA indicates that the uncertainty is not applicable, and *-” denotes a negligible entry.

Source Dielectrons Dimuons
Signal  Background | Signal Background
Normalization 5% NA 5% NA
PDF/a, /scale NA 20% NA 20%
Electroweak mrrectiﬂhs NA 4.5% NA 4.5%
Efficiency - - 6% 6%
W + jets and QCD background | NA 3.5% NA -
Total 5% 21% 8% 21%
Seminar, UCL, April 2012 Tracey Berry 56



RS G*->Dilepton limits "

*Set an upper limit on signal cross-section set at 95% C.L.
*Bayesian technique using a template shape fit & a prior assumed to
be flat in signal cross-section

— N T T 7T T TTT _1
‘é i A!H_AS Prelliminar‘,f | Expe:l:ted limit See Iater .for 1 fb
o F \s=7TeV i Expectedt 1o combination with yy channel!
- G =l Expected+ 20
- — Observed limit
107 == k/M,, = 0.1 (Tev)
: k/M,, = 0.05
N — k/M,, = 0.03 )
m_g:_ — k/N,, = 0.01 k/Mp=0.1 ee
h RS 2.03 1.90 2.16
O [Latow | Graviton (2.05) (1.92) (2.17)
1ﬂ4-pllpj-Ldt sof’ N\ -

05 1 1.5I L 1 L 2 1 1 1 I2.5 | L 1 3

Observed (Expected) 95 % C.L. mass lower limit
RS graviton
Model/ Coupling 0.01 0.03 0.05 0.1
Mass limit [TeWV ] 0.91 1.45 1.71 2.16

Seminar, UCL, April 2012 Tracey Berry S7



RS Gravitons (G)
g

RS ED: Diphotons

G%i“fg%(;
T 9

ATLAS

det:2.12fb’1

N5 =7 TeV

IIIIIIII| IIII|I.I.I.| IIIIIIII| IIII|l|].|__

=
> - T I T T T I T T T | T \. T | T T I T — E 10
7 - — Estimated bkg 1 & g
I -1 ] = s
O v J L dt =36 pb [ ]Bkg extrapolation syst uncertainty - § 10°E o
3 10° N, , [l 1o bkg uncertainty band (stat+syst) = W - e
-~ X ®Data\s=7TeV . = 10 &
..g . [ ]26 bkg uncertainty band (stat+syst) E =
) L kM, =0.03 _ k/M.=0.05 _k/M,=0.11 _ - -e- Data
Lﬁ 1 0 | MC G550 GeV G?OO GeV G1000 GeV _| 1 E_ E:E Reducible background
= E | - [JTotal background
B i 10 EE syst @ stat (reducible)
-F I syst @ stat (total)
15 =5  10°c y
= E g [JRS. kiWiy=0.1, m_ = 1.25 TeV
- ] 10_3—E [ ]ADD, GRW, m_ = 2.0 TeV
1 0-1 E_ _E 8 : L Il L L
~ - c
- ATLAS Preliminary =
1 0'2 1 I 1 1 1 I 1 1 1 I 1 1 L _E’
200 400 600 800 1000 1200 0
m,, [GeV]
ATL-CONF-2011-044
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= m, > 500 GeV

RS Limits

= Limits obtained using same
method, as for dilepton search

= BR for G is twice that of G—y vy

10"

B (G — ee+up+yy) [pb]

ag

107

10

"ﬂ"j Ldt=212f"

e _[ Ldt=1.081fb"

pp:JLdt: 1.21 "
I L L I

LN LA L
ATLAS

Ns=7TeV

= /W, = 0.1

k/My, = 0.05
— kM, = 0.03
— /M, = 0.01

xpetlzted Iin"llit ]
I Expected + 1o_|

Expected + 26 3
— Observed limit

1 L PRI BN R BT
02 04 06 08

T 12

Il
14

k_Factor Clsnials) 05% CL Observed (Expected) Limit [TeV]
Value Used k/M p; Value

0.01 0.03 0.05 0.1
LO I G — yy 0.78 (0.82) 1.26(1.27) 1.38(1.49) 1.80(1.81)
G — yyleefpp | 0.76(0.85) 1.32(1.31) 1.47(1.55) 1.90(1.90)
NLO [ 75 G — yy 0.80(0.87) 1.30(1.33) 1.43(1.536) 1.85(1.86)
) G — yylee/uu | 0.80(0.90) 1.37(1.38) 1.55(1.62) 1.95(1.96)
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RS G*->gg Present Limits

[a 01 T T T T T T T

= - RS 95% CL Exclusion i

= B i

Planck » 3 4 0.08 - ATLAS yy+ee+uu b

: L vy =212 " ]

P - ILdt ee=1.08fb" a

’ - up = 1.21 fo! -

i 0.06— —

I | —Observed i

I | --Expected ]

: | WExpected+ 1o |

: 0.04 | Expected+2¢ --ATLAS vy i
I i I s TeV P

- ’ - Us— 7 TeV —ATLAS ee+up |

o o N A R . CMS 7y -

0 L TR 0.02— —CDFyy+ee |

N ---DOyy+ee i

ds? = e~klvln,, dzidz? + dy? | |

85 06 0708 1 12 141618 2 24
mG[TeV]

k/M., 95% CL mass limit [TeV)
DD | CDF | CMS{22fY | ATLAS (2.1fb)
001 | 056 | 047 0.86 0.80

01 |(105| 098 184 1.85
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0,01

CMS Discovery Limit of

Graviton Mass, GeVic®

Solid lines = 5o discovery
Dashed = 1o uncert. on L

: G—>pp ©
Randall-Sundrum Graviton
- e 101
1 3 7 e
allowed region P 4
..._"/j,-'
// W s - 4
Y oo S
o/ uoomls
& @
T : T T / I T T T
500 1000 1500 2000 2500 3000 3500 102

2
IRyl < M2

Coupling Parameter ¢

-
=

Randall-Sundrum Graviton

Discovery Limit of
G-y
CMS - Full simulation

and Reconstruction
i T

M (TeV/c®)

Theoretical Constraints

e c>0.1 disfavoured as bulk curvature becomes
to large (larger than the 5-dim Planck scale)

e Theoretically preferred A, <10TeV assures no
new hierarchy appears between mg,, and A

Seminar, UCL, April 2012

Tracey Berry

25

3

35 4 45 5
Graviton Mass {TeWcz}
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= Signal RS gy« — tt-bar :
tt-bar—bW+bW-—bb-bar Ivlv

No statistically significant excess
above the SM expectation observed

UL @ 95% C.L. on

0.BR(resonance—tt-bar) pairs as a
function of the resonance pole mass

Lower mass limit of 1.025 TeV for a
Kaluza Klein gluon resonance in the

RS Model

Seminar, UCL, April 2012

Tracey Berry

tt Resonances in the

Events / GeV

102

10

1

107

107

1073

Dilepton Channel “

0

L] dat: E

ATLAS Preliminary — i3
S Wijets |

Lt=2.05 10" \s=7TeV g S
- acp 3

- Z+jets

Diboson_:

Uncertainties §

Z' (800 GeV) ]

— g, (1300 GeV)

.

I

1 1 I 1
500

1 I 1 I [ S —— L L L 1
1000 1500 2000 2500 3000

tt mass [GeV]
3‘ ! LELELI I LELELI I LI I LI ) I LI I LELELI I LELELI i T I:
o> - (s =7TeV —— Obs. 95% CL upper limit
IE I Ldt =2.05fb" -------- Exp. 95% CL upper limit
T 10F -
N4 : - Exp. 16 uncertainty
I~ C
0:9 [ Exp. 2 6 uncertainty
m i - Kaluza-Klein gluon
X = ..
b 105 ATLAS Preliminary
1 -
1 0-1 + Ll 1 I Ll L I L1 I L1l 1l I L L 1 I Ll 1 I Ll L I L1
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RS G*—ZZ — |lll

with Four Charged Leptons

q; E—ATLAS Prellmlnary IL 102" o B‘;:E tainty
= Signal: Four Charged Leptons ° S Bz
L g 2 ap Grow
= 2 searches performed in this - o
decay channel ZZ & H++H-- 8.l ]
oo F -
= Events with two identified Z—{+{— decays B i
107 E
= For M,>300 GeV: from SM expect S s I E
1'9+1.0—0.1 (Stat) +O8—01 (SySt) events 10730 200 400 600 800 1000 1200 Il4OOL 1?00M180([)G 2\/(;00
our Lepton iass e
= QObserve: 3 events
- . . = g l“l. | ATiAs “Prlelilln}nalr“ll “—IEx‘ectledIilmit ;1 9;% LL .
95% C.L. Limit o(production of ZZ from high- & 1o o -
mass sources) <0.9 pb in the fiducial region % | Jumersuros i
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Conclusion/Outlook “

= LHC was working very well at beam energy 3.5 TeV
= Now taking data at beam energy 4 TeV

= ATLAS detector is efficiently collecting data
= No significant excesses yet observed
= Distributions so far consistent with SM expectations

= We look forward to searching for New Physics
... more exciting results from ATLAS to come:

aiming for new results with full 5pb-! for ICHEP and
also first analyses with 8 TeV data
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The End!

= Thanks for listening!
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