Searches for New Physics with
ATLAS detector at LHC

Dmitri Tsybychev on behalf of ATLAS Collaboration
Stony Brook University

Joint Experimental and Theoretical Physics Seminar
Fermilab, July 1, 2011



e Introduction
e LHC and ATLAS experiment
e SUSY searches

Squarks and Gluinos in Jets + MET signatures
Stable long lived particles
Lepton-jets
e Exotica
Searches in di-jet events

New heavy gauge boson searches
LED

e Summary

2011/07/01 D. Tsybychev



Introduction

The Standard Model (SM) provides an excellent
description of experiments and is predictive

Measurement Fit |O™a_Qf|/gmeas
1 2 :

m, [GeV] 91.1875+0.0021 91.1874
I,[GeV]  2.4952+0.0023  2.4959
ol [nbl  41.540+£0.037  41.479

R, 20.767£0.025  20.742
AL 0.01714 +0.00095 0.01645
A(P) 0.1465+0.0032  0.1481
Ry 0.21629 + 0.00066 0.21579
R, 0.172140.0030  0.1723
A 0.0992+0.0016  0.1038
Ale 0.0707 £0.0035  0.0742
A, 0.923 +0.020 0.935
A 0.670 +0.027 0.668

A(SLD) 0.1513+0.0021  0.1481
sin“07'(Q,,) 0.2324+0.0012  0.2314
my [GeV]  80.399+0.023  80.379

r, [GeV]  2.085+0.042 2.092
m, [GeV] 173.3+1.1 173.4
July 2010 0 1 2 3

x| contributions to fits assuming SM
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EW Symmetry Breaking

M, [GeV]

e Simplest form of (local) gauge
invariance requires massless
force carriers

Photon (and gluon), m=0.
OK...

My, = 80 and M, = 91 GeV
e SM and the Higgs mechanism

Permits non-zero boson mass -
& gauge invariance together

Requires a Higgs boson
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Motivation for Physics Beyond the SM

e Some pieces of SM to work on

Electroweak symmetry breaking unproven

Precision flavor studies
Stability: fine tuning issues

e SM doesn’t answer some big questions

Fermion mass spectrum, 3 generations?

Dark matter?
Matter/antimatter asymmetry?

Ultimately EW + strong unification:
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LHC Physics Motivation

e Tests of proposed solutions to SM shortcomings
have led to lower mass bounds on new
physics, but not yet direct observation

The space of new physics possibilities is large. Will
not discuss specifics further...

e How to proceed?
Indirect tests through precision measurements
Direct searches for higher mass particles

e High mass means higher energy, thus the LHC
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ATLAS Detector

EM Calorimeters: 0/E =~ 10%/JE = 0.7%

excellent e/y iden‘rificaﬁon Prescision Muon Spectrometer: o/p;=~10% @ 1 TeV
good energy resolution fast trigger response
good momentum resolution

Hadron Calorimeter:
0/E ~50%/VE © 3%
good jet resolution
good missing Er resolution

Inner Detector:
Si Pixel & strips; TRT
o/p+=5 10 p;  0.001
good impact parameter res., i.e.
0(do) =~ 15 um @ 20 GeV

Magnets:

Solenoid (inner detector): 2 T
2011/07/01 Toroid (muon spectrometer): 0.5 T



LHC and Data Taking

T T T I T T T I T T T I
ATLAS Online Luminosity Ns=7TeV

[ ] LHC Delivered All

[ ] LHC Delivered Stable
[ ] ATLAS Ready Recorded
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Peak L =1.3x1033 s~'cm—2

Total Integrated Luminosity [pb

1000
800 “Max L / store = 62 pb~" (3* = 1.5 m)
600 - Max Ncoll—bunch =1318 (At =50 ns) ::::'
400 Status: 28 June 2011 £

200

0
02/03 31/03 30/04 30/05 29/06
Day in 2011

Inner Tracking

Calorimeters Muon Detectors Magnets
Detectors

Pixel SCT TRT 'E:; HL":‘B FL\:/B Tile MDT RPC CSC TGC Solenoid Toroid

99.8 99.5 100 mEtt NS ATiacEeE 100 99.5 100 99.9 98.5 9720

Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at Vs=7 TeV between
March 13* and June 6th (in %). The inefficiencies in the LAr calorimeter will partially be recovered in the future. The magnets were not
operational for a 3-day period at the start of the data taking.




Trigger

e Online event selection

e lLevel-1:
Hardware

muon spectrometers and
calorimeters with coarse granularity
e/r, u,n, t,jet candidate
selection

Define regions of interest (ROIS)
o Level-2:

Software, seeded by level-1 ROISs,
full granularity

Inner Detector — Calo track matching

e Event Filter:
Software, offline-like algorithms for

physics signatures with full precision

Refine LV2 decision

Full event building
2011/07/01

| . . = ﬂt
Decision  Interactionrale | 510 MUON TRACKING
| Times ;
Bunch crossing
rate 40 MHz _
ine
<2.5pus LEVEL1 memories
~65 kHz
B B Derandomizers
o L] 3 -
Regions of Interest | | | | | (ﬂeadwt drivers
LEVEL 2 Readout buffers
~ 10 ms TRIGGER (ROBa)
~5 kHz
[ Event builder |
EVENT FILTER Full-event buffers
-‘dub-hrm
-~ mmnds ~3m HZ processor
Leval 1
///f
Lavel 2
Event Filter
Electron/Photon Stream
Muon Stream
) B ontine
Jet'TawMissing Energy Stream . . tion
10° 10°

10*
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Understanding ATLAS Detector

® Searches for new physics require a 81600~ omazoro 770 [ Lat-30p0”
detailed understanding of the detector 1400 g;:ee ATLAS Preliminary
(] D ]
2010 allowed to understand the detector £1200 E
. . . . L ]
using data-driven techniques ( J/Psi, W-, 1000
Z- bosons) 800
e Improvements in efficiencies, p; scales and 600
resolutions of our main analysis objects 400
expected with much larger 2011 dataset 200
e Electron performance 0
dentification efficiency known at 1% level _ MGV _
%) — ]
Energy scale uncertainty <1% Sogs T > =
o F ]
® Muon performance 0.9 | =
Reconstruction efficiency uncertainty 085 " arias proliminary E
0.2-0 4% 0.8 ;_ Autumn reprocessing, 2010 data = MC —;
) ' = P < data =
. 0.75 — | Ldt=40pb ', chain 1 —
Momentum scale uncertainty <1% - I pr e .
1-04 _. PURTURTU U S S SR NS ST S S S SR 5 PR ! b ! bt ! PR ._:
® Jets performance y V02 :
9} T e
Jet energy scale known at ~5% level ooe E | o g
20 30 40 50 60 70 80 100

. 90
Jet energy resolution known to ~10% P, [GeV] 11



Standard Candles

—
S

oy F T T T Ella) F g e T .
rof = W—sev + jets 3 N15F ATLAS Prelimin -] =37 pb’
= = ‘@ Data 5010,\5=7 TeV - 5) C Psas W [resrm
m r v ALPGEN - S — 5 R4 L
D - A SHERPA 1 24 _[ | o
= — o sl © PYTHIA ol - q anti jets, R=04
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=10 z E MCFM 1 Zosk $ ] e
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6 L JLdt=35-205pb + - o 1 E4s5F I
C - ATLAS Preliminary | 3 '°F 03<lyi<08 ] Lo
104__ \J§=7Te\4 E 102’—_ i g - NLO paCD
= ) 3 3 E1F Hoapat.am:
E = Theory (NLO) E , 1 I t
r * Data 2010 (~35pb™) i f Ldt=33 pb’ 1 05F
3| o Data 2011 F .
10 E 10? E 1'5:_ 08<lyi<1.2 =
C L JLdt= o . u
B :i: L 156 pb” N 1E
10°: : Jua- 1 -
c 1 205p6" | . -
C E © 151
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8 1
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£ C
0.5
0
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Inclusive Jet Multiplicity, l\let

® Measurements Of SM processes are E © - NLOQCD (pp) @ ATLAS 180+ 18 pb

b't | B Approx. NNLO (pp) (35 pb”, Prelim.)

important in understanding
theoretical predictions, as those

processes are dominant 10
backgrounds to new physics

searches A

“NLOQCD (pp) ¥ CMS158=19pb
= - Approx. NNLO (pp) (36 pb™, . )
- ®CDF ot

A DO
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Supersymmetry

Particles

e SM has far too little dark matter (v’s).

e Fine tuning: SM values must be
within a part in 1032 for stability.

e Supersymmetry is a possible solution
to both:

Predicts new particles whose multiplicity is
determined by SM particle content

W
] l

Q

Couplings of supersymmetric particles Supersymmetnc

equal to couplings of Standard Model Particles ‘
ones. 10 — | | | _ J | . Prospino2.1
Includes a dark matter candidate. ; om.[pb] op > SUSY «s:mvg

Removes fine-tuning by cancellation and
leads to m, < 135 GeV?

Two Higgs doublets necessary. Ratio of o
vacuum expectation values denoted by :
tan 3

e But no direct experimental evidence, " |
only bounds

10 1 1 B - \? | 1 | ! ?(gq L(? L 1 !
100 200 300 400 500 600 700 800 900
2011/07/01 D. Tsybychev M,erage [GeVH




SUSY Signatures

e Complex (and model-dependent)
supersymmetric particle cascade
decays due to unknown mass
spectrum result in multiple final
states

e Focus on signatures covering large
classes of models while strongly
rejecting SM background

Large missing ET
High transverse momentum jets
Leptons

o Perform separate analyses
with and without lepton veto
(0, 1, 2-leptons )
b-jets: to enhance sensitivity to
third generation squarks

2011/07/01 D. Tsybychev
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SUSY MET + Jets Searches

e Search for squarks and gluinos
produced in pairs (R-parity Q \:
5

conserving models) decaying . J
in purely hadronic final states 731— 7 y
+ MET
~ ~0 —~0
2, 3,4 Jets + MET q —>qx, g —>qqx,
Squark — qx°,,
Gluino— qqxol (XO produces MET ) Signal Region >2jets >3 jets >4 jets
e Use MET and My = Z|py®Y| + | v (6evi >130 > 130 > 130
MET to Setup 3 S|gna| reg|0ns Leading jet pt [GeV] > 130 > 130 > 130
] Second jet pt [GeV] >40  >40 > 40
* MC based transfer functions t0 | et pr [Gev) L a4 >4
predict number of background | Fourth jet pr [Gev] )
events in SR based on control | AdGet, Ef*)min (= 1,2,3)| > 04 >04  >04
regions E™ [ meg >03 >0.25 >025
Mest [GeV] > 1000 > 1000 > 1000

2011/07/01 D. Tsybychev 16



Background Estimation

e Setup 5 control regions for each Signal region targeting specific
background source

e Z + jets: irreducible Zv v +jets,
fully data driven with ¥ +jets sample
control measurements Zee and Zmumu,

o W+jets: W7 v and Wlv where | is not reconstructed
Control measurement via Wev and W i v defined in MET vs
my plane with veto on b-jets

e Top pairs and single top:

Hadronic 7 decays in ttbb T v qgq and single top control measurement defined
in MET vs my plane with b-jet requirement

e QCD multi jet:
misreconstruction leads to fake MET, neutrino production in
heavy flavor quark decays
control region with inverted angular separation cuts

fully data-driven TF by measuring detector response
2011/07/01 D. Tsybychev 17
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SUSY MET + Jets Search Results

e Extract number of background
events from CR through

Process Signal Region simultaneous log-likelihood fit
2 2jets 2 3 jets 24185 | o Uncertainties ~30% dominated
Z - (vv)+jets | 5.6 +2.1 44+1.6 3013 by jet energy scale, resolution,
W — (fv)+jets | 6.2+1.8 45+16 27+1.3 shapes of MC predictions
1+ single top 02+03 1.0+0.9 1.4+09 > Ellllt\!'l
CDiets | 0.05+0.04 | 021007 | 0.16 £0.11 S 108 W T Y
QCD je * * * 8 f L dt ~ 165 pb’ Dghcﬂg n:ulltijet
Total 121+28 | 10123 | 73+1.7 © 10F Dietcname B3
-3 Z+jets .
Observed 10 8 7 E 10° Dtstﬁnf 353%35?2‘)40,0,10)

ATLAS Preliminary
10

e All distributions for 3 signal
regions are found to be
consistent with expectations
from background sources

. o
?rTTﬂ'mrrTTﬂml Illll'ml Illlrml llllmll TTTT

| .:LLLI_ul],l llllul],l llllml,l llllull,l IllIl_uI,I IlIIIII,I ||_|
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"'...;-o- -

DATA / MC
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ou:omtmxn
’b
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SUSY MET + Jets Search Results

e The 2, 3, 4 inclusive jet signal regions considered
For exclusion use signal region with best expected sensitivity

e Exclude non-SM cross sections within acceptance of 35,
30 and 35 fb respectively at 95% CL.

Squark-gluino-neutralino model (massless )‘Z°) MSUGRA/CMSSM: tanf = 10, A =0, u>0
72000 T ——— 600 ———T— T T T
> '] ‘ ﬁz,:’;fzsm?ﬂﬂ?aw % ATLAé Prelimina © " — Observed 95% C.L. it
=760 | Observed 95% C.L. limit (.2,550 0 lepton 2011 combined ===~ Median expected limit
N {==== Median expected limit g - L"=165p"\Ne=7 TV, e CL, Observed 95 % C.L. limit
g | —— CL, Observed 95% C.L. limit E 500 e S CL. Median expected limit
1500 “ ==== CL, Median expected limit L2 — % Reference point
% —— 2010 data PCL 95% C.L. limit ?5 P
2 B LEP 27 450 - 2 —— 2010 data PCL 95% C.L. limit
®? 1250 5 B%"?;’J’n“h““" '} MSUGRA / 400 N N S CMS 2010 Razor,Jets/MHT
‘ \ — CD"i Run II CMSSM i »%% g (1000) [0] LEP 25%;
1000 1‘ .‘ X L™ =165pb’ .\15=7a;l‘z:/=o.'p_‘ 350 AN\ 7 ‘ ‘ [ ] D0%,§ tanp=3, u<0, 2.1 fo'
\ \ SN - [ cOF g4 tanp=5, u<0, 2 fb!
\ . “~-~--__‘£ 300 \ [ Nt S SRS VU WO W
750 e =3 : \ §(800) | ]
' I sy =1 b 250 | - -
500 —] .
e O5ug=10p] 200 T i(sbo) _", . _:
250 — ]
E 150 -
o I 1 L 1 1 I L 1 1 1
0 250 500 750 1000 1250 1500 1750 2000 500 1000 1500 2000 2500
gluino mass [GeV] m, [GeV]
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SUSY MET + Jets + 1 Lepton Search

e Complimentary analysis to MET + Jets

2011/07/

Require exactly one muon (electron) with p+>20 (25) GeV
3 jets with p;>60, 25, 25 GeV
Signal selection m_= H+MET > 500 GeV; MET/m_>0.2

muon electron
Predict : 12.2+3.8 145+5.2 Earlier SUSY results:

h https://twiki.cern.ch/twiki/bin/view
Observe: 12 10" /atlasPublic/SupersymmetryPublicResults
Exclude : 53 fb 41 fb
3 1 ATLAS Preiiminary 825201\ M8=TTe T Qe o 400 [

S 10* f'- ot ~ 165 pb” E{,nvlilltg{ests (data estimate) é & - ATLAS L™ = 165 pb”, V8=7 TeV  —— Observed limit 95% CL .
E 10° gg:::mp g Eg 350 :_Pl"elln{]\lr\lar}t 1lepton, a3 jets - - = Median expected limit _:
q:’ @8 Dibosons E - -2 '\—g\ (—m?m‘v)‘ e Expected limit +1o ]
z 102 ----MSUGRA m;=420 m,,=300__| 5 [~ d(700GeV) ~———.e. .
wi Electron Channel a 300 :,_\ N F\(aooooV) '-E"zi =
10 R N —— [ ] 00%,q tan=3,u<0, 2.1 1o
1 eeeer 250 |- Tt . g,q, tanp=5, p.d)-sz -
10" L e
= 200
R D RN ——
% ~"200 400 600 800 1000 1200 1400 RS ‘: _— T T —
Mg [GeV] m, [GeV] 21



Stable Long Lived Particle Searches

e Look for long lived bound states of

squarks and gluinos CERN-PH-EP-2011-026
e Signature is slow (v < ¢) moving object

loosing energy mainly through ionization
e Use B (tile) and B r (pixel) to get mass

estimate:
m=p/BYr
NE 10° " J UL L L | 3 Q 1055"'|"'I"'I'"I"'I"'I"'l"'l"'l"'
2 ATLAS f Ldt=gapp’ o Datafe=7Tel) 3 S - ATLAS f Lat=34pp’ ~ _* DaaNs=7TeV)
o . (] Top b > o [_]Top
s 10 B Ew 3 o 10°F B Ew
2 [Jaco 2 5 : [Jaco
- ) —— 100 GeV § 7 © sl —— 100 GeV g
o 1W0g % g, - 300 GeV § E| g 10° 1 & -
> -+ 500 GeV § 3 < -
% » [] BG stat uncertainty | 8 o[ ‘ [__] BG stat uncertainty
z 10 3 2 10°¢
S 5 E - B
@ ] 3 C
-g 10 3 10=E
EJ u -
- » ' C
5 cainl 3 1g
< 10 0O 02 04 06 08 1 12 14 16 18 2
dE/dx,,, [MeV g cm?] Brie
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Stable Long Lived Particle Searches

> ' ' ' | ' ' ' | ! ! | B ’ ' I ' ' i L=
® 3
(0] B 4+ —¢—Data(Ns=7TeV) -
& 102 ATLAS f Ldt=34p0 ~—— Background estimate 5
. . . § —— 300 GeV § E
e Experimentally using two independent S oL Mey I L 600 GeV § ]
© =
detectors greatly reduces backgrounds. 5 :
S 4 El
3 E
E ]

3 4ot
10 E
102 =t e e L L]
0 200 400 600 800 1000
Mpiel [GeV]
> y T T 00— -
() 3 S‘ L I | | I | | I I -]
o 10 _ 4 —¢— Data(Vs=7TeV) ; D ~nE e E
& ATLAS f Lat=84p0 ——— Background estimate 7 % 900 .5°°G°V'§ : : - E
3 102 — 300 GeV§ a éE 800 ° DataNE=7Tev). - - m : - - - - _E
g F o e 600 GeV ; 700 T T T
© « = 0m - - -3
: of 1 o0 fuaar I iEEEEIII
- - = 500 - mEEEE = - - =
3 b : 1 z
- H - o= ]
_é %‘ _? 400 s EEEE - - _;
=5 - 300 - B W = = = - _:
z 10_1 ? - t - - E
= = 200 -
Py | TN M T ¥ PN A 100 ‘ - =
e 200 400 800 800 1000 o oo, ATASpreliminay -

my,, [GeV] 0 100 200 300 400 500 600 700 800 900 1000

2011/07/01 D. Tsybychev Moo [GEV] 23



Stable Long Lived Particle Searches

g g @ 5 events observed for
§ wof e wotceim combined mass of
& b Vo=7Tov fLaiesam’ 100 GeV, 5.4
S wresamgmo | €Xpected
10°F \ —— Upper limit b 3

ul

AN —uwerimiz 1 ® 0 events for

10k e '.\ —— Upper limit ¢ .
e [y N = combined mass of
_ s N\ ATLAS ]

'E o E 200 GeV

1070500 " 500 306”3408"'506“666”500 800
ass [GeV]
e 95% CL lower maslelmlts are 294GeV for sbottom

R-hadrons, 309GeV for stop R-hadrons and 586
for GeV hadronising gluino.
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Stable Long Lived Particle Searches

GMSB: N.=3, m =250 TeV,u>0, tanp=>5. . _ Ew .
Td 10—l_'||l]YI'I‘-‘II'['Illlll‘]'YII‘l'[l"_l 3 10G'MISBY.INS'=13,Im'”v'7215(31"8y,r>'0,1t;an'ﬁ?5.’”1|'1;I)r(')d;1(,:t|(')n' B T T T T T
= C - -1 1 a - ; E [} - ~ .
c s ATLAS f Ldt = 37 pb- GmsB production p - ATLAS f Ldt = 37 _pb_‘ GMSB EW production p - ATLAS ~ — § production
S - —»— observed limit ) i —— observed limit o I 4 —=— G-ball fraction = 0.1 |
8 [« 7 expected limit + 1o g L me expected limit + 1o E’; 102 f Ldt=37pb ..o Gballfraction =05 -~
® P ® s -~ §-ball fraction = 1.0 ]
g § § \ ------- expected limit = 1o E
© I 16 1 IR ]
L - 15— =
107} 4 10 GMSB With Ns=3, My eesen;
S B PN EURS U P COUTE SV 3.|.............'.ITe.\/,.u?O.am.d?tan(ﬁo) 5
100 110 120 130 140 150 160 100 110 120 130 140 150 160 300 400 500 600 700
m. [GeV]

m. [GeV]

e Look for sleptons in GMSB scenario and R-hadrons

R-hadrons may be neutral in ID, ionizing in later stage
Complimentary analysis

e Use muons chambers and tile calorimeter to estimate velocity
e Dedicated "muon” reconstruction since hits are expected to be late

my [GeV]

CERN-PH-EP-2011-077
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Search for Lepton Jets

A . ® Looking for light boosted bosons decaying
q i /R Y d into leptons
0 :: G oo Y Dark photons in SUSY decays +
q G W\Q hidden sector
a f "o Search for two isolated “lepton jets”, with
Production of 2 lepton-jets from squark pairs >2 muons each
dark photon g, decays to lepton pairs P NO events Observed

dark fermion f, (“darkino”) escapes undetected

Estimated background 0.20 £+ 0.19

C T T T T | ] T L] T l L] Ll T T I T T 1 L I T L T LS
m 3 —_— = -
5 10°F arias poiminay — RIS ATLAS-CONF-2011-076
(/)] R B —
t f Ldt=40pb” Y 2 . r T E
o 10° e Jhp E = —— Expected N
w [ ! 2 [ ]+ 10 Expected ]
I Z: et - o 15 —— Observed ——
i : e SUSY SPS1a .
[ piboson ] Ilm —_—
Signal :ad = 0.1, ma = 300 MeV—E g 1= 7
= m - -
e F -
— x - —
205 =
f__g e e S _— ... .
3 = e .
T 5 O ATLASPreliminary \s=7TeV fl_dt=40pb“—_
4 6 8 10 (&) - ]
o\o 1 | -
No. Lepton-Jets e 0y=0.0 ay=0.1 ay=03
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New Physics 1in Di-Jet Events

e Scattering processes well described within Standard Model
(SM) by perturbative Quantum Chromodynamics (pQCD)

Deviation from expected behavior of di-jet process in pQCD would
indicate new physics

e Additional contributions are possible due to new massive
particles coupling to quarks or new forces appearing at
higher CM energies

Compositeness, excited quarks, contact interactions, axigluons,
quantum black holes [New J. Phys. 13 (2011) 053044]

e Thus look for
Bumps in di-jet invariant mass
Modified angular distributions

2011/07/01 D. Tsybychev 27



New Physics 1n the Dijet Mass Distribution

m T I T T T T I T E

S . \s=7TeV, [ Ldr =163 pb’'-

AT 10 : e Data =
0 Fit

107 --@-- q*(1000) E

- ey A Q*(1700) i

10° - <~ q*(2750) =

10%‘ =

1= <+

107 . .

- ATLAS Preliminary | I

8 25| L L O L L B B B B L IE

C E =

S o;_ll1-|.-l.._-\.-|__—J L

S -2F -

.9) 1 | —— | - | IIIII :

wn

| | ——
3000 4000
Reconstructed m, [GeV]

:I.l | | Il |
1000 2000
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Anti-kt jets with R = 0.6

| n,—n,| < 1.3 boost isotropic
component, | 77,,| < 2.5

m; > 700 GeV
Fit data to f(x)=p,(1—x)P2 xP3+p4Inx,
where x = my/Vs
p—Vvalue of the fit to the data =
0.016

p—Vvalue of the fit without highest
m;; events = 0.26

The predicted g* signals for excited
-quark masses of 1000, 1700, and
2750 GeV are plotted on top of the
background.

Bins with the discrepancy of a
Poisson p-value of less than 0.5,
show bin-by-bin significance of the

data-background difference -



The di-jet mass is

STNIWARY 4040 Gev

4 EXPERIMENT
- E
Run Number: 179938, Event Number: 12054480

15t Jet (pq, eta,
phi, color) of
(1850 GeV, 0.32,
2.2, red)

2" Jet (1840 GeV,
-0.53, -0.92,
green)
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New Physics 1n the Dijet Mass Distribution

o) T =

& 1 g : e BumpHunter

§ 107 —— gt(),\sAeF:\iB 95% CL upper |Imlt_ t t ” I k f

© i N Expected 95% CLnggerhmn Sys €matiCd y OOKS TOr
10%E \\\ 68% and 95% bands . “bumps”
105 A N\ . e Signal window increased

,,,,,, , ATLAS Preliminary - . .
> and shifted to include

| Ldr =163 pb”

: NN : all bin intervals (up to
o'F N : half m;; range)
102, N e No evidence for a

1000 2000 3000 4000
Resonance Mass [GeV]

resonant signal is found

Excited quarks m(q*) > 2.49 (2.4) TeV
Axigluons m > 2.67 (2.48) TeV
RM quantum black hole (5= 6) M, > 3.67 (3.64) TeV

2011/07/01 4-quark contact interactions A > 6.7 (57)TeV 30



New Heavy Gauge Bosons

m T T T T T T T T I
T 5 _ ° Dat;d 2011 j 0 Ll T T T T T T T
g " ATLASPrelminary gz = 2§ 10° ATLAS Preliminary o Data 2011
- . T oy
10* J Ldt=167pb" [ODiboson 4 ) .
P EW-+Jets EE 10 L dt = 236 pb 1 Eglboson
s=7TeV Wi ] 3 ‘
10°} Nes e [JZ(1000 GeV/ 3 10 \s=7TeV B ets
\ 121250 GeV) o oD 00 Gev
10 [JZ/(1500 GeV ) o0 aov)

[]Z(1500 GeV

llIIlllI] IllILI.I]l IIIlIEr

-2
80100 200 300 1000 200( 10 |
m,, [GeV] 80100 200 300 1000 2000
m,, [GeV]
2 s AN ' ° '
2 ATLAS Fronminarg | < oeao I\_Iew heavy gauge bosons are predicted
T W S v . in several extensions of the SM
f0¢ Ye=TTV - Owisoo e Benchmark model for these searches is
[Ldt=205pb" [ .
10° 5 the Sequential Standard Model
ttbar

107 W', Z' have same leptonic couplings as
SMW, Z

Widths scale linearly with mass

e For Z', also consider string theory

10° 10° -inspired E6 models
2011/07/01 m; [GeV]

|:| Diboson

10
1
10"
102




New Heavy Gauge Bosons

T T T T T T I T T T

S‘ T I T T I T T T I T T T I T T T I T T T I T T T 3‘
& - Q
- --- Expected limit — 10 --e- NNLO theory =
\s=7TeV 2 F imit
© 1k [ Expected+ 16 — © —e— Observed limit
- Z > Expected+26 1 [ o8N e Expected limit
— Observed limit - I Expected 1o
—Zy 7 16 Expected £ 26 3
—Z, ] -
107 —Zv E
- 107 E
- ATLAS Preliminary
) ee:ILdt=167 pb’! up:ILdt=236 pb’ 5 W — v (2010-2011)
107 ATLAS Preliminary | | 1075 (s =7 TeV, [Ldt=241pb" E
1 L1 VI - L1 L1 L1 11 B | L L ! L | L L |

02 04 06 08 10 12 14 16 500 1000 1500
M [TeV]
m,,, [GeV]

e No excess is observed in transverse/dilepton mass
Set limits on production cross section for benchmark models
Largest uncertainties due to MET modeling (W’)

Background estimations (W', Z)

e For SSM m(W’) > 1.7 TeV, m(Z') > 1.41 TeV @ 95% CL

Model Z A 4 74 Z_ %
Mass limit [TeV] | 1.116 1.142 1.150 1.203 1.230 1.259

2011/07/01
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New Heavy Gauge Bosons 1in Top Pairs

%10'"'"'"""""""""""—gi
& ATLAS Preliminary
‘g 1 JLdt=200pb“ E
w Lo N
107k -+ E
SM 8 -+ g
10%E 3
—  KKGS00 : 1 ;
10°E =
—  KKG1000 - |_-l ]
10°6"""500 1000 1500 2000 2500 3000
tt mass
Electron channel | Muon channel
tt 724 088
Single top 36 50
W+jets 93 172
Z+jets 6 8
Diboson 2 2
Total MC Background 861 1220
QCD Background 35 105
Total Expected 896 1325
Data observed 935 1396
Z',m= 500 GeV 15 21
gk, m =700 GeV 68 93
2011/07/01

e Look for a resonance production of
top pairs

e May arise in technicolor models,
colored resonances

e Consider two benchmark scenarios

Narrow resonance: Leptophobic
Z' (Phys. Lett. B345 (1995) 483)

Wide resonance: Kaluza-Klein

gluon from Randall-Sundrum

warped extra dimension model
(JHEP 09 (2007) 074)

e Study ttinvariant mass spectrum in
lepton + jets final states

ATLAS-CONF-2011-087

D. Tsybychev 33



New Heavy Gauge Bosons 1n Top Pairs

) [pb]

=

6, X BR(Z'—

T LA IR T a
\F 7TeV dRmin. Syst.+stat. i 2 10°k
I Lai =200 pb” —— Obs. 95% CL upper limit - =
e Exp. 95% CL upper limit N T i
1 - I Exp. 16 uncertainty c? L
Exp. 2 6 uncertaint ~
B £ 20 unceriainy T ek
B Leptophobic Z 28] F
. . x E
ATLAS Preliminary b C
10F E ]
S 10E
1 =
i,

400 600 800 1000 1200 1400 1600 1800 2000

Z' mass [GeV]
e Compare data to SM hypothesis using BumpHunter
Dominant systematics (35%) modeling of W+jets

background

\l' 7TeV

j Ldt=200pb" Obs. 95% CL upper limit 3

dRmin. Syst.+stat.

—

-------- Exp. 95% CL upper limit ]

I Exp. 16 uncertainty
|| Exp. 20 uncertainty
Kaluza-Klein gluon

ATLAS Preliminary

600

800 1000 1200 1400 1600
g, Mass [GeV]

e Since no significant excess observed set limits

2011/07/01

D. Tsybychev
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Monojet Searches

102

dN/JE™™*  [Events/GeV]
3 3
URRRALL

—e— Data 2010
, ——SMTotal ]
Ldt=33pb" [CJZ(—>vv)+jets -
COW(—Iv)+jets_|
Ns=7TeV [_JQCD E
CaZ(—ll)+jets -

El]l:lisslee\,]
s‘ i I | ! T
é 1ok ATLAS —e—Data2010 |
8 —a ! — SM Total 3
: f det-aapb D02y sjots -
w, . Ns=7TeV [JW(—>Iv)+jets -
Lo E
g‘ 2
2
©
200 250 300 350 400 450
Erlr_lisslGeV]
2011/07/01

e Monojet may arise in models with Large

Extra Dimensions (LED)

M.? ~ M7*"R", R size of extra dimensions
n, M, comparable to EW breaking scale

qgg — gG, gg — gG, gqg — gG, G graviton
escapes detection and source of MET

Two Kinematic regions (not optimized to
retain sensitivity to different models)

LowPt HighPt
MET >120 GeV >220 GeV
1stJet (| n|<2) >120 GeV >250 GeV
2 Jet (| n |<4.5) <30 GeV <60 GeV

& (j,,MET) > 0.5
CERN-PH-EP-2011-090

D. Tsybychev 35



Monojet Searches

Background Predictions + (stat.) + (syst.) iy T T T T T T T T ™
| LowPt Selection _HighPt Selection = i === ADD signal: 8=2 ]

Z (= VV)+jets 35712+ 25 254+26+28 x )
W(— 1v)+ets 139 + 5+ 36 78+1+23 °©° i = ADDsignal: =4 7
W(— uv)+jets 70+4+5 38+06+04 1 — = 95% CL Exclusion _|
W(— ev)+jets 59+3+15 30+£0.7+09 - E
Multi-jets 24+5+14 - N N
Z|y*(— 17 )+jets 26+05+0.7 - - 7
Z/y*(— ptp)+Hets 19+04+0.1 - i )
top 0.96+0.04 £0.2 - - ]

y+jets 035+0.17+0.5 -

Z/y*(— e*e )+jets - - 107 =
Non-collision Background 24+05+1.1 - :..1...1...1...1...1...1... ll:
Total Background 657 £ 15+ 62 40+29+48 1400 1600 1800 2000 2200 2400 2600 2800 3000
Events in Data (33 pb‘I) 611 39 M, [GeV]

e No excess observed

e Set 95%CL limits in context of ADD LED
Nucl. Phys. B544 (1999) 3

2011/07/01 D. Tsybychev 36



Microscopic Black Holes

Scaler Zp;in events with 2 5 jets

5 L "TATLAS Proiminary 1 ® Quantum black hole search in
S o Ve=TTeV : multijet final state

2 Data | L dt=35pb" ] o

2 —“Ngz5 - Formed when two colliding

1+

10 — Ny<5 normalized partons have impact parameter

g smaller than R, the

: Schwarzschild radius
1 T E corresponding to their invariant
] mass M=+s.
o e . . = @ Use ADD LED models (Phys. Rev. D 59
z 21\+_"+++ g DO A—— (1999) 086004)
R e Classical approximation for
> Pr1GeV] production and decay works for
_ M>M,, use as a cut off
Nobs =7 : P
Noyo = 3.7 £ 1.5 Decay through Hawkings radiation
e Select events with N; = 5 and
2pr > 2 TeV

2011/07/01 37



Microscopic Black Holes

[ T I I:- T T T .‘ T I.I 1 I T l',I T l T T T T I T i
4.4 ATLASPreliminary; on=2
R i \s=7TeV [

N : : n=4

4.2 Data | L¢t=35pb"

4.4 ATLASPreliminary’ v |
\s=7TeV

M, [TeV]
My, [TeV]

4.2r A Data [ Let=35pp" 7"°

3.8:— N N My=4M 3.8F ./ YO My=2My
3.6] - . S '
[: P | 3.6/ B
a4l Not Allowed
4y ~ 34: ]

320 |
- Excluded .
- ) P T

1 15 2 25 3 1152253
M; [TeV] . .
° Mp [TeV]

e Upper limit on the cross-section times acceptance ot
0.29 pb at the 95% CL is obtained

Strong dependence of BH production modeling on
PDF sets
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ATLAS Searches™ - 95% CL Lower Limits (June 6, 2011)

MSUGRA : 0/1-lep + E; ..
MSUGRA : O-lep + E; .
Simplified model : O-lep + E ..
Simplified model : O-lep + E; ..
Simplified model : 0/1- Iep +b-jets + E; ..
Pheno-MSSM (Ilght 1, ) 2-lep SS + E
Pheno-MSSM (light 1, ) 2-lep OS
GMSB (GGM) + Slmpl model '“I“! + Er. .
GMSB : stable ©
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
RPV (4,,.,=0.11,4,,.=0.07) : high-mass ey
Large ED (ADD) : monojet
UED :yy+E

ATLAS

Preliminary

der = (31-236) pb”

Y miss

Y miss

SUSY

M (5=2)
Compact. scale 1/R

RS graviton mass

RS graviton mass

KK gluon mass

T.miss

RS with k/M, = 0.02 :m,,

1)
c
Q
‘é RS with k/M, = 0.1 :m,,
S RS with top couplings g =1.0,g =4.0 : m.
'.a L R 1t
8
0

Quantum black hole (QBH) : m,.. F (1)
QBH : High-mass o, , ,

ADD BH (M, /M=3) : multijet Lp N,
ADD BH (M,/M,=3) : SS dimuon N,

ch. part.

qqqq contact interaction : F,(m,..)
qquut contact interaction : m .

M (5=6)
My
M,, (5=6)
M (5=6)
L=36 pb™ (2010) [arXiv:1103.3864 {Bayesian limit)] aatev| A
[ L4266 2010) fariv- 1104 4398) saTev. A
L=167-236 pb” (2011} [ATLAS-CONF-2011-083] 1417y Z' mass
L=36-205 pb™" (201012011} [arXiv:1103.1321, ATLAS-CONF-2011.083] 170y W' mass
1 gen. LQ mass
2™ gen. LQ mass

o Scalar LQ pairs (=1) : kin. vars. in egjj, evjj
- Scalar LQ pairs ($=1) : kin. vars. in pujj, uvij

4" famlly coll. mass in Q Q — WgWg

5 4" family : d, d — WitWit (SS dilepton)
g Major. neutr. (V. . A 1 TeV) : SS dilepton

Excited quarks 'mm,e1

Q, mass
d , mass

q* mass

axigluon mass
] I N I ||

10" 1 10
Mass scale [TeV]

*Only a selection of the available results shown



Summary and Outlook

e LHC and ATLAS detector perform very well

e Wide range of searches for physics beyond the
Standard Model covering many different final states
and signatures

Have not seen large deviations yet
Derive limits on masses, cross sections
Pushing boundaries of the excluded parameter space

e Expect many more results this summer on data set
O(1fb1) — stay tuned

e Official ATLAS Results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

2011/07/01 D. Tsybychev 40



2011/07/01 D. Tsybychev a1



Higgs Boson in the Diphoton Channel
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Higgs Boson
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