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Introduction

Heavy resonance discoveries have
played a very significant role in the
development of particle physics

Examples: J/hy, Upsilon, W, Z

Most theories beyond the SM
predict such new resonances

We look for heavy resonances
at the Large Hadron Collider!
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Introduction

Searches are signature-based, but interpreted in terms of theories
beyond the Standard Model, used as benchmarks

W'and Z": Additional gauge bosons e Extra dimensions
* Sequential Standard Model (SSM) . Randall-Sundrum models: G*, G*_
- Not well-motivated, but simplest

 Grand Unified Theories

. TeV"' Kaluza-Klein models: g, Z, ...

KK’

« ADD models
- BE.g. E,— SU(5) x U(l)w X U(l)x o
’ g Z o
Z -
VaVaVy ot .
g Z

q

Other solutions to the hierarchy problem: Technicolour, chiral bosons (W*, Z*)

Excited fermions, Colour-octet scalars, String resonances, Quantum black holes...

Effective four-fermion contact interactions with scale A 3
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EXPERIMENT

Run Number: 209580, Event Number: 179229707

Date: 2012-08-31 20:24:29 CEST
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Dijet resonances — \'s = 8 TeV

e Invariant mass spectrum
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i ; s ATLAS Preliminary -
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central jets - — Background -
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« Data-driven background - | Ldr=13.0f0" 7
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Dijet resonances — Vs = 8 TeV

: = Ml g 1Ty
e Invariant mass spectrum = [ 1s=8TeV[Ldr=1301b S b ——-awone ]
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from the two highest-p_ I S iyt I -
central jets R Lot AN
1 g resonance shapes e \\\ AT"ASIFL)Z?ET;E%X E
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— 105 ET (GeV)

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

m_=1.66 TeV




Dilepton resonances

* Main experimental challenges ,.

Muon channel
- Momentum measured as track curvature
- Very-high momentum — Very straight tracks! |
- Use only the best-aligned chambers: S < 0.25/TeV

o(pr) '

=8 + S,;pr
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| |
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Electron channel E VE

U(E)_ﬁ_‘_k I
_ 2

The EM calorimeter provides a good energy measurement: k, < 2%

Main challenge is particle identification:

need stringent cuts to distinguish high-energy electrons from
QCD jets and converted photons

Data-driven strategies to estimate what remains after these cuts
12



Dilepton resonances — s = 8 TeV
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m =1.59 TeV
vy

Run Number: 191715, Event Number: 37274906
Date: 2011-10-27 23:06:44 CEST




Diphoton resonances — \'s = 7 TeV

« Tight photon selection: 5 10 E [ra-asn E
¢ - \s=7TeV 3

o 10F E

i Shower Width and energy diStribution 10: Control region B Ei

in the EM Calorimeter A 3

syst @ stat (total)

 [solation requirement

1 0'2 syst @ stat (reducible)
. . . RS, /M, =0.1,m, =15TeV
 Ambient energy correction 107E" oD, cAw.m, =25 Tev
« Removes contributions from the e

underlylng event and plle up iz 200 300 400 1000 2000 3000

. myy [GeV]

« Backgrounds: SM yy (simulated); O

vj, Jy and jj (data-driven) R 009F —obsenea  ATLAS x
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« Combined with the dilepton analysis 0,08 us:f L=t :

results at Vs = 7 TeV 002E 1, [Lazson 0 E

0.01F = E
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Lepton + neutrino resonances — Vs = 7 TeV

Exactly one very-high-energy electron or muon,
with high missing transverse momentum (E_™)

Same lepton selection as in the dilepton analysis

Looking for an excess in the m_ distribution: mr = \/ZpTE’T“iSS(l — COS Qyy)

Backgrounds:

* Mainly W, but also Z/y* where one lepton is not reconstructed,
dibosons, ttbar, single top (all simulated); QCD mulitjets (from data)
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Lepton + neutrino resonances — Vs = 7 TeV
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Resonances — WW — Ivlv — s = 7 TeV
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Resonances — WW — Ivlv — s = 7 TeV

 Exactly two oppositely-charged « Sensitive to high-mass resonances
high-p_ leptons, and large E_™"

. Suppress Z/y*: m > 106 GeV
* Db-tag veto to reject ttbar events

* No significant excess
. Looking for RS G* and G*

bulk

- Cross-check Z/y* and ttbar background « G*:M>1.23 TeV, for k/M_ = 0.1
estimates using control regions
. Background fits for m " > 300 GeV + G, M>0.84TeV, for kM, = 0.1
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Resonances — ZW or ZZ — ligg, Vs = 8 TeV

. . > ;I T | T T T T I T T T T | T T T T I; > 3_ T I T T T T | T T T T | T T T T | T T T T L
o LOOklng for an excess in 8 - ATLAS Preliminary —— Data 7 8 10 £ ATLAS Preliminary ——Data ]
2 10°F \s=8TeV ,ILdt _720" 5 e 777 S F \s=8TeV, |Ldt=7.2f" E%\T\Jﬁ/‘\?vz/zz .
the mass spectrum L = o = ]
0 . Z—ee+Z-upn 3 W-ets a ] n Z—>ee+Z-un O Wajets 5 i
€ 10*E Resolved Selection — M. =800GeV 4 E 102 | Merged Selection — M. = 1400 GeV |
. o E c..x 100 3 o E 6..x 100 E
 For very high-mass & P ° T4 f ° :
3 - ]
resonances, the W/Z 10 U t; A
are very boosted and 102 4 10p E
hadronic decays merge ol ; : E
Into a single large jet : i ]
1E H'H T E | | E
« Leptons from Z decay: 500 1000 1500 2000 500 1000 1500 2000 2500 3000
66<m <116 GeV m(lljj) [GeV] m(llj) [GeV]
Il
2 1°F pm1 A% Pralirimary | — Dat 34 2 [ ami e pran ] Dat i
L%, iATLAS Preliminary —Bgc?«ground i E 104§_ATLAS Preliminary _Bgc?(gmund y
8 1.2_'|"'|"'|\I.\ \.\H\\H LA LI B BRI B %ResolvedSeIeCtion Vs = 8 TeV % ;Mergedselec’[ion \s = 8 TeV ;
S - ATEAS Frelipinary 4 Z—eeChannel 10 [Ldt=721" 10° JLdt=7210" -
o { \s=8TeV |Ldt=72f - ~ E - -
3 - ] ¥ 1
< sl Resolved Signal Region b 102 . 102k i
[ —e— Merged Signal Region ] ; i £ ]
0.6 | TIs 4
5 1 e E i |
0.4~ g 3 - i o
0.2 4 82 S
B i 49} F [}
n 1] &0 £
0500480500 600 1000 1200 1400 1600 1800 2000 S2F. L = S
m,,(G*) [GeV] P 3x10? 10° 2x10° @

m(lljj) [GeV]



Resonances — ZW or ZZ — llgq, Vs = 8 TeV
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Ditau resonances — \s = 7 TeV

 New gauge bosons in theories beyond the SM
may couple preferentially to 3™ generation fermions

« Hadronic tau decay identification T s reimnay | woor
o ;zu—j 10*5 fd”_=37o ob” * Likelihood

 Boosted Decision Trees =R i

to discriminate against QCD jets S w.pt. -

g 10r T, ?/ E

» Using shower shape and tracking identification P o eIt :

oy 3 1 Prong Loa E

2 | p>20GeVhi<23 ’5\ :

e Backgrounds:

—_

0 01 02 03 04 05 06 07 08
Signal Efficiency

o Z/y*, Dibosons, ttbar, single top (simulated)

—_
o
”

S Masereimnay e mor

 W+jets & QCD multijets (data-driven) 0P [aL-oop’ : Likeihood -

« Search performed by counting events m“" W-pt-‘;
above threshold in m_* g 10 ‘ /

I R

mﬁl‘?t — \/ZPTlpTQO + QEIT]?iSSPTlcl + QE%‘iSSpTg Ca

—_

04 05 06 07 08 09
Signal Efficiency

01 02 o

where C = 1 — cos A@, with A taken between the respective momenta or ETrniSS
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Ditau resonances — \s = 7 TeV

« Results with 2011 data at Vs = 7 TeV, from 4 search channels
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Ditop resonances — Fully hadronic — Vs = 7 TeV

* New physics may be related to the heavy top mass fophalvBranching Riactons

' 46%

« Hadronic top-tagging allows a search for resonances
decaying to top quark pairs in the fully hadronic channel

T+jets 15%

« Two top-tagging algorithms with complementary results

« Data-driven QCD multijet background estimate

X
HEPTopTagger TopTemplateTagger  “dileptons"
>350F T T s S5 e T .
§ - *D'ata =om 16 F -e-Data 2011 ] Fat jet:
9300§+ HZ a Tev)c=1'3pb_: g 30 ]9, (1.6 TeV)o = 0.35pb | R=10
~ C ft : B th .
%250:_ [Muttiet B [ Multijet E
- - q) - -
> C ] - L ]
5 2001 ATLAS 4 4 20F ATLAS E
150; ILdt:M " f 155— | J-Ldt=4.7fb'1 7
1005 \s=7TeV ] 10: Is=7TeV .
:i HEPTopTagger : B %_ Top Template Tagger -
50F ] 51 -
! T sl

O I - L TR N - - P R R L1 e e ——— :
500 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
tt Mass [GeV] tt Mass [GeV] 28



Ditop resonances — Fully hadronic — Vs = 7 TeV

o X BR(g, — tt) [pb]

102

10

New physics may be related to the heavy top mass

Hadronic top-tagging allows a search for resonances
decaying to top quark pairs in the fully hadronic channel

Two top-tagging algorithms with complementary results

Data-driven QCD multijet background estimate

Top Pair Branching Fractions

46%

T+jets 15%

15%

g, excluded for [0.70, 1.62] TeV; Z'in appendix  “dgileptons”

LN AL ELES BLELELE BLEL AL ELELELE N I L L N AL B
—e— Obs. 95% CL upper limit 4 .5 —e— Obs. 95% CL upper limit .
........ Exp. 95% CL upper limit ] ------- Exp. 95% CL upper limit
Exp. 10 uncertainty T Exp. 1o uncertainty
Exp. 2 ¢ uncertainty | = Exp. 206 uncertainty
B KK gluon (LO) 3 m@ B KK gluon (LO)
ATLAS [Ta |
HEPTopTagger >é -

-------------
------
-z

"~
.
~u
~
S

R N - \s=7TeV

- \Ns =7 TeV 10k J.Ldt 4.7 b’
-1
z j Ldt=4.71b ATLAS Top Template Tagger
u L I L L L I L L L I L L L I L L L I L L L I L L L 1 I
0.8 1 12 14 16 1.8 2 1 S TS 16 18 2

9, Mass [TeV] Ok Mass [TeV]

Fat jet:
R=1.0
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Ditop resonances — Semi-leptonic —

Events / TeV

Data/MC

Semi-leptonic channel: evb+jjb or uvb+jjb

Resolved selection: assign jets to either
top quark using a x* algorithm

Boosted selection: one b-tag and one fat jet

10°
10°
10*
10°
10°

10

1
2
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T, X BR(gKK—> tt) [pb]
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T
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Exp. 1o uncertainty

Exp. 2 ¢ uncertainty
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Top + jet resonances — Vs = 7 TeV

« Semi-leptonic ttbar selection,

with at least one additional jet (at least 5 jets in total) % /

« Likelihood test to assign jets to either top quark

 The additional jets forming the highest top-jet and t 4 q
highest antitop-jet invariant mass are considered W
q
/ t
Top-jet invariant mass Antitop-jet invariant mass
> F T T e = UL L L L L L L L L L
S T ATLAS ¢ Dua[Lai-471" ] § 10" ATLAS ¢ Data [ Lai-4716' g
i E_ -------- -W+jets E 103 ] . -W+jets
§ 103 Other § Other
o F | BN~ W' 300 GV . e - W' 300 GeV Y t
JP — ¢ 400 GeV 10? ' — 0 400 GeV t
- T q

10

Uncertainty

A L

T T IHI| T IIHHIl T IIIHII| T T

1 1
s — 1
®» 0.5 2 5
S ORSS SRRRSRERSS NN S 0
8 -1E . ‘ . . 4 &8 -1 . . . . —
K 500 1000 1500 2000 2500 & 500 1000 1500 2000 2500

m,[GeV] ~ m; [GeV] 31



Top + jet resonances — Vs = 7 TeV

« Semi-leptonic ttbar selection,

with at least one additional jet (at least 5 jets in total) % /

« Likelihood test to assign jets to either top quark

 The additional jets forming the highest top-jet and t 4 q
highest antitop-jet invariant mass are considered v
q
/ t
Colour-singlet limits Colour-triplet limits
S e A O A A
E.s ATLAS _¢, ATLAS %/
é ILdt:4.7fb’1 § det:mfb’1 ]
3. \s=7TeV 3 Ns=7TeV 7 Vs
t
_____ -

— — Expected exclusion

- 95% C.L. exclusion

-- CDF exclusion

— — Expected exclusion

- 95% C.L. exclusion

CDF exclusion

avored by Tevatron AFB Favored by Tevatron AFB

.

Exclusion of the phase
space favoured by the

and Oy (M. Gresham et al.) and Gy (M. Gresham et al.)
| | | | | | l

| | | | | | 1 1 1 | | | | 1 1 | 1 1 | | | 1 1 | | | | | 1 1 | 1 1 | | 1 1 | | | 1 1 1 Tevatron AFBand O-tt
500 1000 1500 2000 2500 500 1000 1500 2000 2500
W' mass [GeV] o mass [GeV] 3 2




Conclusion

 We have searched for heavy resonances in the ATLAS experiment
 Looking forward to analyze the full 2012 dataset: > 20 fb™' !

e For more information:

S Dijet ATLAS-CONF-2012-148

2 Dilepton ATLAS-CONF-2012-129

© ZW or ZZ — ligq ATLAS-CONF-2012-150
Dijet 1210.1718 Submitted to JHEP
Dilepton (resonant) 1209.2535 Accepted by JHEP
Dilepton (non-resonant) 1211.1150 Submitted to Phys. Rev. D

Eg Diphoton 1210.8389 Submitted to Phys. Lett. B

N~ Lepton + Neutrino 1209.4446 Submitted to EPJC

1o Ditau 1210.6604 Submitted to Phys. Lett. B
WW — |vlv 1208.2880 Submitted to Phys. Lett. B
Ditop, semi-leptonic ATLAS-CONF-2012-136
Ditop, fully hadronic 1211.2202 Submitted to JHEP

Top + Jet 1209.6593 Submitted to PRD Rapid C. 33
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http://cdsweb.cern.ch/record/1493489
http://arxiv.org/abs/1210.1718
http://arxiv.org/abs/1209.2535
http://arxiv.org/abs/1211.1150
http://arxiv.org/abs/1210.8389
http://arxiv.org/abs/1209.4446
http://arxiv.org/abs/1210.6604
http://arxiv.org/abs/1208.2880
http://cdsweb.cern.ch/record/1478974
http://arxiv.org/abs/1211.2202
http://arxiv.org/abs/1209.6593

Large ED (ADD) : monojet + £, ...
Large ED (ADD} : monophoton + E; ..
Large ED (ADD) : diphoton & dilepton, m

yy
UED : diphoton + E

w)
=
% T.miss
e 8'1Z, ED : dilepton, m,
g RS1: diphoton & dilepton, m,,
= RS1 : ZZ resonance, m,
@ RS1: WW rescnance, my
+3 RS g —tt (BR=0.925) : tt = l+jets.m
> KK . 1t boosted
W ADD BH (M, /M,=3) : S8 dnmucnﬂch_ art
ADD BH (M., /M =3) : leptons + jets, Xp
Quantum black hole : dijet, F (m
G qqll Cl : ee &, |
uutt Cl : S5 dilepton + jets + E

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

Z (SSM) :m,.
. W' (SSM) :m,
> W (> tq, g =1):m.

W (= tb, S5M) :m_

ii]

g Scalar LQ pair (5=1) : kin. vars. in ppjj, wvijj
T Scalar LQ pair (B=1) : kin. vars. in 7z, tvjj
@ . 4" generation : tt— WbWb
?E 4" generation : b'"(T_ T..)—= Wit
g New quark b’ : bB'— Zb+X, m
g Top partner : TT — tt + A A (dilepton, Mmﬁ
o Vector-like quark : CC, m
=

Ivg

Techni-hadrons (LSTC) : dilepton, m,,,

Techni-hadrons (LSTC) : WZ resonance {\.rIII),m;r e

& Major. neutr. (LRSM, no mixing) : 2-lep +jéls
= W (LRSM, no mixing) : 2-lep + jets
O H™ (DY prod., BR{H =Il)=1) : S ee {uu), m
H™* (DY prod., BR(H=—ep)=1) : SS eu,m '

Color octet scaILar : dijet resonance, my

“Only a selection of the available mass limits on new states or phenomena shown

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

111 T T T T 111 T T 1

M, (6=2)

Mg (8=2)
Mg (HLZ =3, NLO})
Compact. scale R
My ~ R
Graviton mass (k/Mp = 0.1)
Graviton mass (k/Mg = 0.1)

Graviton mass (k/Mg = 0.1)

ATLAS

Preliminary

der =(1.0-13.0) fb”'

rar = fs=7,8TeV
My, (5=6)
M, (5=6)
A
A (constructive int.)
A

L=5.9-6.1 1", 8 TeV [ATLAS-COMF-2012-128) 249 TeV 7' mass

L=4.7 b7, 7 TeV [1209.4448)

L=4.7 o™, T TeV [1210.6604] 14Te¥v 2 mass
L=4.7 17, T TaV [1209.4446) 255TeW W' mass
L=4.7 b7, 7 TeV [1209.6503] 430 Ge¥ W' mass

1.13TeV W' mass
242Tev. W' mass
s60Gev T  gen LQ mass
e5Gev 2™ gen. LQ mass
538 Gev 3" gen. LQ mass

L=1.0b", 7 TeV [1205.1018]

L=1.01b", 7 TeV [1112.4528]
L=1.01b", 7 TeV [1203.3172]
L=4.7 1", T TeV [Preliminary]

L=4.7 1", T TV [1210.5468) 656 Gey ' mass

L=4.7 17, 7 TeV [ATLAS-CONF-2012-130] 670 GeV b’ {Tm} mass

L=2.01b", 7 TeV [1204.1265] 400 GeV b’ mass

L=4.7 10", 7 TeV [1209.4166] 483Gev. T mass (m(A ) < 100 GeV)

L=4.61h", 7 TeV [ATLAS-CONF-2012-137]
L=d4.6fb", 7 TeV [ATLAS-CONF-2012-137]

142Tew VLQ mass (charge -1/3, coupling x5 = vim_)
108Tev  VLQ mass (charge 2/3, coupling x g = v/m,)
* Mass
q" mass
I* mass (A = m{l*))
p e mass (mip fo)-min) =M )
p_ mass (m(p.} =mir,) +m,, m(a )= 1.1m(p })
N mass (m{W_} = 2 TeV)
W mass (m(N) < 1.4 TeV)
H;* mass (limit at 398 GeV for i)
H* mass

Scalar resonance mas:
] | T I T | L1

10 1 10 10°
Mass scale [TeV]

There are a lot more results from the ATLAS Exotics group!

Other talks here by Andrée Robichaud-Véronneau and John Leslie Almond
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Events

6 B [pb]

10’ ] T | T
10° ATLAS e Data 2011
| [z
10° Ldt=4091b [CJDiboson
4 j [ I
10 NS =7TeV [JQCD & Wijets
10° []Z'(1500 GeV)
e [(]Z'(2000 GeV)
10
1
10"
102k €e spectrum
1 0_3 Il 1 ‘ Il 1 Il 1 1 | 1
80100 200 300 1000 2000
m, [GeV]
1
: >
Z_M>222TeV
_I T I T T T T l T T T T l T T T T | T T T T ]
1 __ ATLAS --- Expected limit __
g \s=7TeV Expected* 1o 3
- Z = Expected+ 26
10" __ — Observed limit __
- — Z'ssm 3
zZ, .
102 4 =
109 000 e NeE
- ee J Ldt=4.9fb"
: I dt=5.0fb"
1 0-4 F I |- 1 1 1
1.5 2 2.5 3

Dilepton resonances — Vs = 7 TeV

o 107 : ]
o 10° ATLAS e Data 2011
it J 4 Oz
10° Ldt=5.0fb Cliboson
10* f \s=7TeV B+
10° [ ]Z'(1500 GeV)
e [[]Z'(2000 GeV)
10
1
10"
10°
10°780100 200 300 1000 2000
my, [GeV]
« Backgrounds:
ZIy*, dibosons, ttbar (simulated)
W+jets & QCD multijets (data-driven)
* Normalization to the Z peak: 70-110 GeV
* Good agreement with the Standard Model
with p-values: 36% (ee) and 68% (uM)
Model Zy, Zy Z, 7z Zy 7
Observed limit [TeV] | 1.79 1.79 1.87 1.86 1.91 1.97
Expected limit [TeV] | 1.87 1.87 1.92 1.91 1.95 2.00
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Dilepton resonances — Vs = 7 TeV

E 0-2 _| | T T T T T T I T T T I T T T I T T T I T T T I T T T I T ,fl I T T _I : ) / " :
= = ATLAS /! . S 3
IE 0.18 5 [ excluded at 95% CL — 045 F8 B excluded at 957% oL //,x" ]

C . 1 —— Observed Limit i =
0.16 ;— : gf::g:: Il:ilrrrr:iltt = 0.40 — - Expected Limit y //'".’ =
0.14 ;_ ----- Expected Limit + 1o _; 0.35F = - Expected Limit + 1o 4 //x" _E
0.12F 3 0.30| // =

o1 G* G-7ev | 0] Torsion g/ amas 3
0.08F- G* Sl - 0.20! "":")’/' Is=7TeV =
0.06E A o TS — 3
. C T 0.1 5 E: ',?"/ -

B ‘| Ldt=49f” 3 ee: L dt=4.9fb" 3
0.04F ee J ] 0.10l e # -
0.02f+ uu:JLdt=5-Ofb" E 0.05 i JLdt 50fb" 3

Co v v by v v v v b v by v b by oy o by v 1y 1l vl by oy by by Ly L1 | L1 | [

O™~ 127 12 16 18 2 22 24 26 16 18 2 22 24 26 3.2
M- [TeV]
|\/|TS [TeV]
Vo JZ M > 4.17 TeV Z*: M > 2.20 TeV
m 2.2 : T T ' T T T T ‘ T T T T | T T T T T T T _l__ E T T T T T T T ‘ T T T T T T T | T T T ]
o - Expected limit ATLAS = = B ATLAS T
- — 7TeV B m 1 5= 7 TeV -- Expected limit —
1.8 Expected + 16 \s=7Te v o) g NS = E
- Y. = 3 - Z* sl Expected+ 1o 3
1.6 Expected + 26 KK -] - -
- o prior 4 10" Expected t 26
14— - - E E
{2 = Observed limit = — Observed limit J
: b . i
1: s . 107 = =
o8- = — = -
0.6F 2 = R : .
- . _ 4 3 10°g eI SN —
04E uu.det_S.Ofb‘_: = ee JLdt_49fb """""" i\'\ """" ﬁ
0.2~ ee:J-Ldt:4.9fb'1—: ijLdt_E,Ofb \ ]
ok R _: 104 b2 | N I B A
1 2 3 4 5 6 0.5 1 1.5 2 25 3
My [TeV] M,. [TeV] 38



Dilepton resonances — Vs = 7 TeV

S‘ / Zc) 9__I | T T T T | T T T T T T T T T T T T I T I__
& E - ATLAS \s=7TeV
'_L Expected+ 1 - - R,R, > Il 1
ﬁ : M):TCTVI —(I\j/lW ] 8L ee:J.Ld1=4.9 fb' pp:det:S.O fb' v y
;f e M = Mp /u) /3 E : :
: - v [ Dilepton 95% Exclusion
,,,,,,,,,,,,,,,,,,,,,, = . ==-=--= Dilepton 95% Expected limit Y/
] [ Dilepton 95% Expected limit £+ 1 _
. B Running regime %
= OF  EEEEE EW precision test )
- T Minimal Walking /
--------------- Ldt=4.9fb" T :
----------- E echnicolor
ATLAS wjm 50161
1 I 1 L 1 1 | 1 L 1 1 | 1 1 Il 1 ‘ 1 1 Il 1 ‘ 1 1 ‘ 1 1 1 1 :
300 400 500 600 700 800 900
M, /o, [GeV]
Minimal Z' models S 2

2000

500 1000 1500 2500
O L I AR I I L IR RS MA[GeV]
B Limit range for 6 € [0, m] S H .
. Limit range (expoctes) « Low Scale Technicolor:
| —6(Z ) \
[ 6" (expected) « pJw;:M>850GeV,forM _ —-M =M,
B —B(ZHB-L)
..... ’B_L) (expected) | .. . .
« Minimal Walking Technicolor:
107 AR ]
] ° > =
ATLAS : M, >1.56 TeV, for g = 2
\s=7TeV 7 . ' '
s 7 i . ., £. , = V.
Z Minimal Z' models: M > [1.1, 2.1] TeV, for 0.2
W:ILdt=5.o b, ee:J-Ldt=4.9fb'1 7
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Non-resonant dilepton and diphoton searches — Vs = 7 TeV

Channel Prior Expected limit [TeV] Observed limit [TeV]
Constr. Destr. Constr. Destr.

» Searches looking for an excess of events e LA 138 104 121 95

in the high-invariant-mass tail T EETT m—
1/A* 116 9.1 11.7 9.0
« Contact interactions (llqq): A > 13.9 TeV LV S S G
for constructive interference, 1/A* prior Channel Prior GRW Hewett L
n=3 n=4 n=>5 n=6 n="7
. ee 1/]1/{§1 295 2.63 3.51 2.95 2.66 2.48 2.34
o ADD MS > [28, 42] Teva dependlng on nED 1/M§ 2.82 267 3.08 2.82 2.68 2.59 2.52
and the choice of model and prior M UMS amn a1 308 81 208 250 250

ee + pp 1/ME 327 292 3.88 3.27 2.95 2.75 2.60

1/M§S 3.09 292 3.37 3.09 2.94 2.84 2.76
ee+pp 1/ME 351 314 418 3.51 3.17 2.95 2.79
+yy  1/MS 339 3.20 3.69 3.39 3.22 3.11 3.02

Dilepton distributions: number of events above m”m‘”

£, T T T T T E Ex 5 T T T T E T T T Ll T E
ES 408 10 ATLAS * Data2om ATLAS -

10 ATLAS ® Data2011 [S O 3 1_|

g , [ standard Mocel ) ] R - Standard Model _,\@ 10 j Ldt=4.9fo E

2 10° ee:det=4.9 RGP 3 10° wujLdt=50f"  — A= 7Tev c .5 ]

_8 ..... - 2 B e e At = 7TeV 010 =7 TeV =

< 7 TeV A= 7TeV [ Ns=7TeV ] > , \s§ = € E

5 10t \'s = N 12Tov a 10t A=12Tev L .

E A =12 TeY S AT =12 TeV 10 e, ¢ E

S 10 M = 2500 TeV’ (GRW) 3 10° M = 2500 TeV (GRW) 2011 data 3

- M, = 3000 TeV (GRW) 5 Ms = 3000 TeV (GRW) 1 e [JTotal Background ™. o TE

5102 g 10° 10" i_iReducible Background ™ ]

£ £ syst ® stat (total)

3 10 2 10 102 syst @ stat (reducible) ]

1 [JADD, GRW, M, =2.5TeV 3

1 10°E [ JADD, GRW, M, = 3.0 TeV 4

10 | | 10 | ‘ o ‘ 4 (JADD, GRW, M, = 3.5TeV ‘ e

80 100 200 300 400 1000 2000 3000 80 100 200 300 400 1000 2000 3000 10 200 300 400 1000 2000 3000

m" [GeV] mii" [GeV] my, [GeV]



Events

Dijet resonances — \'s = 7 TeV

e Limits on further models, with 2011 data taken at Vs = 7 TeV

—

significance [data-fit]/fit

From the invariant
mass spectrum

L L E L
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2 o P T T L
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Dijet angular analysis — Vs = 7 TeV

e Angular analysis, with 2011 data at Vs = 7 TeV

y = $In(£222) y

%

X eXP(\yl — ’y2D

= exp(2[y*|)

= %(yl — y2) : Jet rapidity difference

107E
102E

© QBHn=2 -

QBH n=3

QBHn=4 --- ]
Observed 95% CL upper limit 5
Expected 95% CL upper limit

68% band
95% band

JLdt =4.81b", Vs=7 TeV 3

d.N, central / dm 19

— o Lok 10° E
FX (mj] ) - p) central - y ‘ < O' 6 104 | | 3 ]
d.N, total / dm 77 2000 3000 4000
T T T T T T T 1T T = 03 | l | | ‘ l
%e 0.25+ ! - L L J.Ldt =481b" \s=7 TeV ]
;@ [ ,[Ldt =4.81b"\s=7 TeV ATLAS v m, >2600GeV (+0.16) 0 252 — 7QCD Prediction ]
—_ - - - - .25 Theoretical tainti —
© 0.of ., | O 2000<m, <2600 GeV (+0.12) : % To;‘:zy:;:;cl:; ainties .
— Y= 5= . A 1600 < m, < 2000 GeV (+0.08) i . data 1
[ ] A 1200<m <1600 GeV (+0.04 020 7 e M S0ty E
0.15F =C=mim —e———0"] @  800<m <1200GeV Lo gm_ =25TeV : i
. i i i 015 —— Lower boundary of search region _ ..... 7
=" : 4
0.1 e R QCD Prediction -
A B ] . - 0.1
i Theoretical uncertainties L
B = A e e — = , Betase s o
i —— ] l:l Total Systematics r'h—
0.05F 5 0.05[ 1
i . | - = = = QBH(n=6), M_=4.0TeV (+0.16) E ATLAS E
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e Angular analysis, with 2011 data at Vs = 7 TeV

Data are consistent with QCD NLO simulation

Dijet angular analysis — Vs = 7 TeV

Quantum black holes:
MD >4 .11 TeV, for n_ = 6

Contact interactions: A > 7.6 TeV

0.05

m, > 2600 GeV (+0.16)
2000 < m, <2600 GeV (+0.12)
1600 < m, < 2000 GeV (+0.08)
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® > » O «
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|:| Theoretical uncertainties
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< 104§
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JLdt =4.81b", Vs=7 TeV 3

l:
107 E ey
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-3 ;
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L QCD Prediction HE
0.25 [T Theoretical uncertainties =
| [ Total Systematics P
N ° data I ]
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Ditop resonances — Fully hadronic — Vs = 7 TeV

* New physics may be related to the heavy top mass fophalvBranching Riactons

46%

« Hadronic top-tagging allows a search for resonances
decaying to top quark pairs in the fully hadronic channel

T+jets 15%

« Two top-tagging algorithms with complementary results

: .. : wr Ao
« Data-driven QCD multijet background estimate )
L—\-\&C‘\?‘?’k&;o .

Leptophobic Z' excluded for [0.70, 1.00] TeV and [1.28, 1.32] TeV “dileptons"

15%

15%

T I LI I LELEL I LI I LILEL I LI I LILEL
—e— Obs. 95% CL upper limit
-------- Exp. 95% CL upper limit

Exp. 1o uncertainty

L e e B L B At
- —e— Obs. 95% CL upper limit 3 FatJet-

Z.“ ------- Exp. 95% CL upper limit | R=1.0
& Exp. 1o uncertainty -
Exp. 26 uncertainty 3

I Leptophobic Z' (LOx1.3)

Exp. 2 6 uncertainty
BB Leptophobic Z' (LOx1.3)

ATLAS
HEPTopTagger

10'E \s =7 TeV

107 Ns =7 TeV : ILdt=4.7fb'1
n 1 i
[ J. Ldt=4.71b 102 ATLAS Top Template Tagger
[ L I L L L I L L L I L L L I L L L I L L L I L L L I L L L L L L I L L L I L L L I L L L I 1 L L
06 08 1 12 14 16 18 2 1 1.2 1.4 1.6 1.8 2

Z' Boson Mass [TeV] Z' Boson Mass [TeV] 44
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