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The ATLAS Experiment at LHC - |

Multi-purpose, high resolution and highly hermetic detector

Magnets = 1 Central Solenoid + 3 air-core toroids
Tracking = Silicon+Transition radiation tracker
EMcalo = Sampling LAr calo
HAD calo = Plastic scintillator (barrel) + LAr technology (endcap)
Muon = Trigger chambers (RPC and TGC) + Precision chambers (MDT and CSC)
EM Calorimeter _
Muon Spectrometer Reconstructed Objects:
. - leptons
==t - electrons
Y ) - muons
BRL = - taus
4 ¥ - photons
» ! - jets
e | - missing energy
= - b-jets
Neo=) Kinematic variables:
- pr=|p|sin6d
-1 = -logtan(6/2)

Inner Detector

Hadronic calorimeter




Total Integrated Luminosity [fo ]

The ATLAS Experiment at LHC - 11

- LHC reached a peak luminosity of ~ 3.3 x1033 cm2 s’ with 50 ns bunch trains

— Data taking started in March with Vs = 7 TeV and going on up to the end of 2012;

- 95% of LHC delivered luminosity (3.9 fb™! up to date) is recorder by ATLAS;

-2 All subsystems are highly efficient (between 90% and 100%), performance are
continuosly monitored

The Pile-Up effect is a “challenge”
for extracting physics !
<t#tevts/bunch crossing>~ 6
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Total Delivered: 3.93 fb” i Much progress understanding impact
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Results presented here: up to August 2011  Ongoing runs (Sept.2011)with high luminosity:
L < 2.2 fb <ttevts/bunch crossing> ~ 15




Searches for a Standard Model Higgs Boson

First item of the ATLAS physics program in 2011-2012 run:
Discovery or exclusion of the Standard Model Higgs Boson in the full allowed mass range

Higgs production in pp collisions at Vs = 7 TeV
Gluon Fusion Vector Boson Fusion: Associated Production:
pp—~2>H pp—~2>qqH pp—~> WH, ZH, ttH

g : g 93 W g 1
H° H°
ty  >------- W/Z2---------

g a., a. ) g t

t p---------

g \@: 7 TeV :g

=10 =8

> 35 . .

F 18 gluon-gluon fusion is the most

g i abundant production channel,

= but VBF and associate production

can be experimentally more
favourable in specific cases.

1000 5
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¢ x BR [pb]

Higgs decay channels: BRs depend on Higgs mass

Depending on Higgs mass different channels become relevant
A “multi — channel” combined analysis is required
In any case the expected cross-sections are below the “few pb” level
=» integrated luminosity and background rejections are the two important issues

10 B - 7Tev ' ' ISM =R channel Mass range | Lumi
TRPAN 1s (GeV) (fbt)
13 W P 3 . H>yy 110+150 1.08 (*)
B ww s riv~|  ZW)HSZ(W)bb  110+150  1.04 A.P.
S ."«\ 77 5 1oy I H 110+ 150 1.06 V.B.F.
102F ‘\ ZZ > TV 2 HOWWOSIviv 110+300 170 (*)
. \\ 7Z < MM 1 H>zzO)->1 110+ 600 2.20 (*)
103 : 3
- VBF H— t* | = e, ]
F VTN ] HO 72 200+ 600 1.04
ZH — I'Tbb vy g = udschb -
10500 500 300 400 500 H>ZZ>1lvv 200+ 600 1.04
M, [GeV]

Additional channels are possible and
will be added with larger luminosities



Higgs boson searches: analysis strategy

“Cut & Count” based analyses

*  Trigger (changing along data taking)

e Event Selection
Object definition (lepton, jets, missing ET,...);
Collision event selection (common to all channels);
Specific event selection and acceptance definition

e  Background evaluation
Mostly, data-driven methods:
(1) count events in background enhanced control regions
(2) extrapolation to signal region based on MC or data

*  For each value of M, likelihood fit of data in one or more variables

*  Confidence interval based on CL, method on = —meas

Then: channel “combination” =» Confidence intervals for u vs. M,



H - yy: the low mass “golden channel”

Low cross-section ( < 0.1 pb) BUT very clean signature with limited background.

Signal v
Trigger: Ho w
2 photons with E;>20 GeV (x99% efficient)
Selection: !

Irreducible background: pp=2yy + X

e IVAVAVAVAVEL B RVAYAVAVAVAVE AN AVAVAVAVAVS

anVAVAVAVAVER QMWZ\
Y

Object “photon”: measure energy and direction
2 isolated “photons” (E;'>40 GeV, E;2>25 GeV)
Di-”photon” Invariant Mass range 100 +160 GeV ~ °

Backgrounds: 450

. . . > :' L L R ':
Di-photon (irreducible) (72%) 3 400F. ATLAS Preliminary 3
photon + jet (rej. needed =10%) o - 9=
Di-jet (rej. needed z107) N a50h Data2011\Ns=7TeV, | Ldt=1.08 fb =
Discriminant variable % 300F- nelusive ciphoton sample =
> - ata 2011 ]
m,, resolution = 1.7 GeV W o50F Exponential fit =
Fit 200F =
exponential (background) 1505_ E
CrystalBall resol. function(signal) = 3
100F- +3
o E
- T T TS NS R R

No signal found Poo 110 120 130 140 150 _ 160

=> Set upper limits on u for 110<M,<150 GeV m,, [GeV]




H = WWO®-Ivlv: the best channel at intermediate masses - |

Highest sensitivity for 130<M, <200 GeV and good sensitivity for 110<M,;<300 GeV
Signature: two leptons, Missing energy and limited “jet activity”

No possibility to reconstruct Higgs mass.

Trigger:
Single lepton: p;(electron)>20+22 GeV OR p;(muon)>18 GeV
Selection:

2 opposite sign isolted high-p(*) leptons :‘;’ fggg
Large E,™* > 40 (25) GeV 0 4e00
Topological cuts on two-lepton system (m', p;', A¢") 1400
Transverse mass my (**) cut (M); 0.75xM_ <m<M, 1200
Backgrounds: 1000
WW production (irreducible) 288
top-antitop 400
single top 200
Z+tjets O 5
Count events in signal region, estimate backgrounds = i 5
g

(*) cuts depend on leptons being ee, uu or en . . 51

(**) mr = \/(Eg_‘( + E}f}iSS)Z _ (Pf{f’ + P}i}iss)2

L AL L L
ATLAS Preliminary

® Data %4 SM (sys @ stat)

f— . WwW WZ/ZZ/Wy —f
:_\s=7TeV,J.Ldt=1.70fb1 Eﬁ ESingleTop E
. H>WW-lviv I Z+jets[] W+jets (data driven) 7
— i ] H[150 GeV] 3
., E
e B | . | =
= T T T T g -
PY o ° ® ¢ ;

[ ] ./ T T .
) B
| L | L | L | L L | ! L | —

0 2 4 6 8 10

N



H = WWO®-Ivlv: the best channel at intermediate masses - 11

After selection the events are divided in two categories:
0-jet
1-jet (p;(jet)> 25 GeV, |n|(jet)<4.5, b-tag veto)
to exploit the different background composition in the two bins.

Total Higgs
back. M,=150
34+7

O-jet 43+6 2.2+¥1.4 5319

No signal found
=>»Set upper limits on u for

110<M,,<300 GeV

l-jet 1012 6.9t1.9 23%4 23 1243
e > 18'"""""-"-"""""",',,""""'"—
= 45ET, AR SBR AR (3 = ATLASPreliminary e Dam % SMisys@sta) -
& 40:_ATLASPrellmlnary . -na imgme: ol O qeb e D W ww [ W2z E
o E NS=7TeV, | Ldt=1.70" & [ single Top 3 © = € & [JSingle Top 3
= 35E H-WW-shviv + 0 jets [ Z+jets [] W-+jets (data driven)—] - 14: H-WW-=lviv + 1 jet I Z+jots [l W-+jots (data drivan)—]
.6 305_ [] H[50] _5 é 12;_ [ H[H50] =
= = .3 S 10F .
& 25 + O-jet & M 1-jet
20 + = 8 H
15 E 3 E
10= E 4 E
5 3 2 2
O e S ————— (_) _'l I T T T T T T I I =
= 25 { I 1 3 = 2: . ) | :
— E b . - = =
P 1.5 ' ! i = P 1.5 ‘ ’ .
© £ 11| : © £ ]
- é L I I i g e E ] ? b E
5 """ i i S BRI . 0_5__.'..1..|..|..| i i I||I|||l|||||_-
60 80 100 120 140 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240

M, [GeV] M, [GeV]



H > ZZ®-llll: the “golden” channel

Very clean signature (4u, 4e ,2u2e) with good sensitivity in the full mass range

Trigger:

Single lepton: p;(electron)>20+22 GeV OR p;(muon)>18 GeV

Selection:

Four isolated leptons: 2 with p;>20 GeV, 2 with p;>7 GeV

Two pairs of same flavour opposite sign leptons
M, within M, 215 GeV; M,,> 15 + 60 GeV(depending on M,,)

Backgrounds: S e confidence intervaly

. . . - » -

ZZ (irreducible but dominant) & oL g:glground ATLAS Preliminary 3

Z+jets (for electron channel) 2 of =§:ggg: mﬁ;gg g:x; -

Zbb (for muon channel) g - [ Signal (m:=480 GeV) x 2 .

top-antitop o 7 o E

Discriminant variable: " oeb HoZZ0 =4l L

4| invariant mass my,. 5E \jjl_clt =_:'\9/6'2'28 fb E

o(m,) =4.5+6.5 GeV (low M,)) 15 GeV (high M,,) 4;_ | s=7Te E

3F ¢ 1

4 [2e2u e total [N

- » 7]

Data 12 9 6 27 Y ' UL )i g
Background 104 129 50 28z+4 P 'e,cl)d-_'ﬁ'Tod R

error bars = 68.3%

No signal found

=>Set upper limits on p for 110<M,,<600 GeV

my, [GeV]
11
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Higgs boson searches: summary of single limits

95% C.L. limit (frequentist CL, method) on u for all channels:

- solid colored lines: observed limit

—> dashed/dotted colored lines: expected limit based on MC pseudo-experiments
Observed > Expected =2 data “over-fluctuate”
Observed < Expected = data “under-fluctuate”

2 T T T T T T T T T T T T T T T T T T T ]
bw — Exp. Obs. Exp. Obs. 7
~ [ H—yy (1.08 fb™) === — Y ZZ- Il (1.96-2.28 ) _
© B Y Ho WWo vl (170 fb) soivies s H—s ZZ— llqq (1.04 f67) |
- sevsi e \W/Z H, H— bb (1.04 fb") H— ZZ— Ivv (1.04 fb™)
O = H— o (1.06 fb) —
=
— — =
@) — _
0 - —
o~
) — _
(@)

[

_ATLAS Prellmlnary IL dt ~ 1.0-2.3 fb” \(——7 TeV CLs limits _

100 200 300 400 500 600
my, [GeV]




Higgs boson searches: combined limits

E [ T T T T T T T T T T T T T T T T T T T T
& £ ATLAS Preliminary "CLs Limits F
[ i
S i — Observed |
= ---- Expected j 1
I - Ldt = 1.0-2.3fb |
= 1O§ — \s=7TeV -
S E EFXe; -
X
0
o

L S R £ T A =
1 0-1 P T T RN N TR TR TR T AN TR T SN S N S SN SR SN SN S SN S
200 300 400 500 600

m, [GeV]

ATLAS excludes @ 95% C.L. a SM Higgs Boson with masses in three ranges:
146<M <232 GeV, 256<M <282 GeV, 296<M,<466 (expected exclusion 131<M <447 GeV)
Poor consistency with “background only hypothesys” in the region 130<M,,<170 GeV

14



Higgs boson searches: conclusions

ATLAS has performed a Higgs boson search on pp data corresponding to an
integrated luminosity between 1 and more than 2 fb! using several
channels

No significant excess is found in the mass range 110-600 GeV.
Exclusion limits at 95% C.L. are set in the mass regions:

— 146 <m_< 232 GeV

— 256 <m_< 282 GeV

— 296 <m < 466 GeV

These are exclusions of SM HIGGS BOSON, so that searches in the excluded
regions are going on (a Higgs with different properties could emerge)

By end of 2012 with O(10 fb!) a conclusive answer on the Standard Model
Higgs should be obtained.



Searches for physics beyond the Standard Model

A huge amount of searches in a wide range of physics

ATLAS Searches™ - 95% CL Lower Limits (Status: SUSY 2011)
- [ T T 111 | | Illlllla I I IIIIII| I I [

............................. MSUGRAICKMSSM  0:16p + 5 + E;
MSUGRA/CMSSM : 1-lep + j's + E; .0 =g mass
MSUGRA/CMSSM : multjets + E; .. gmass (for m(3) = 2m(g)) ATLAS
Simpl. mod. (light ) : O-lep +J's + E; . G =g mass Preliminary
Simpl. mod. (light o) 0lep +is+Ep L g mass
Simpl. mod, (lighty ):O-lep +J's +E, ... g mass - B .
S!mpl. mod. (ﬁght_‘é ): O-Iep1 + b~J:ets + jS +E ,_:s e g mass (foI m(b) < 600 GeV) Ldt =(0.031 - 1.60) fb
Simpl. mod. (G—tfy,) : 1-lep + brjets + s + E; ., g mass (for m(y, ) < 80 GeV) Js=7TeV
Pheno-MSSM (light7 ) :2-lep SS + E; .., G mass
Pheno-MSSM (light ) 2-lep OS__ +E, ... : g mass
Simpl. mod. “ﬁ”—) o) 1-lep + S+ E, % mass (for m(@) < 600 GeV, (m(i') - m(z ) (m(@) - m(z) > 112)
GMSB (GGM) + Simpl. model : 7y + E, e g mass (for m(bino) > 50 GeV)
GMSB : stable © 7 mass ~
Stable massive particles : R-hadrons = g mass
Stable massive particles : R-hadrons b mass

Stable massive particles : R-hadrons t mass
Hypercolour scalar gluons : 4 jets, m, =m,, sgluon mass (excl: my, < 100 GeV, m,,= 140+ 3 GeV)
RPV (4,..=0.01, 4,.,=0.01) : high-mass ey Vv, mass

Large ED déBD)n T?:_nojet

s =g mass

SUSY

My (8=2)
2 mias Compact. scale 1/R

S RS with k/M, = 0.1 : diphoton, m,,, Graviton mass

S RS with k/M, = 0.1 : dilepton,m_,, , Graviton mass

= RS with gqq " /gs=-020 :HT + Ef.muss KK g|uon mass

S Quantum bl&ck hole (QBH) :m... F(%) M, (5=6)

g QBH : High-mass o, , ,

a ADD BH (M, /M ,=3) : multijet zpr
.......................... ADD BH (M,,/M=3) : SS dimuon N, o5,

. qqgqq contact interaction :Fl(md,e, L=36 pb"" {2010) [arXiv:1103.3864 (Bayesian limit)] 6TV A

O qqut contact interaction : m L=42 pb”" (2010) [arXiv:1104.4388) 48T A
e e ] S 7 mees

~ - "
N S OOM : My oy |EETERRERERORASIE], = 245V W' mass

o Scalar LQ pairs (=1) : kin. vars. in eejj, evjj 1" gen. LQ mass
. Scalar LQ pairs (f=1) : kin. vars. in ujj, uvjj 2" gen. LQ mass

4" generation : coll. mass in Q Q,— WgWq Q, mass
_4" generation : d d,— wiwit (2-lep SS) d, mass
T —Stt+AA :1-lep +jets +E T mass
Major. neutr. (LRSM(?PI;% mixing) : 2-lep + jots N mass (m(W,) = 1 TeV)
Mﬂ'gr. neutr. (LRSM, mixing? : 2-lep + jets W, mass (230 <m(N) < 700 GeV)
(DY prod., BR(H —uu)=1):m H* mass
A (like-sign)
Excited quarks” q* mass
Axigluons : mg,, Axigluon mass

Color octet scalar : m,, Scalar resonance mass
............................................................................................................... T SR 0 T A i { L

o
,N,e,s M, (5=6)
M, (5=6)

Other

L

10" 1 10
Mass scale [TeV]



It is not possible to describe all searches. Move in three steps:

(1) Cross-section (and other observable) measurements
of Standard Model processes at Vs =7 TeV are compared
to theory predictions and extrapolations;

(2) Search for new particles appearing as “peaks” in mass

distributions: the new energy frontier opens new “horizons”

(3) Search for specific signatures corresponding to well
defined models of BSM physics:
My choice: main results of the searches for Supersymmetry.

7

17



Step-(1) Cross-section measurements compared to SM predictions
- Predictions are evaluated at NLO and more;
—> PDF extrapolation uncertainty is included
= Good agreement over 4 orders of magnitude
=» SM is able to predict cross-sections once we increase energy

100 = ATLAS Preliminary
¢ F .- J L dt=0.035-1.04 fb"
i  \E=T7Tev

10°
- 5 Theéry |
- = Data 2010 (~35pb)

~© Data 2011

10

|II||
O




Step-(2) Increase of energy opens new horizons.
- Search for a Z’ boson in dileptons (uu or ee)
“conceptually” simple analysis: search for a peak in a mass spectrum.

e*e  channel Model independent upper limits on o x B.R.
o Fr . » T T T T T T .
£ 10° ATLAS * Data 2011 as a function of the mass of the new vector boson;
> Oz
w 10° [Diboson
10* .[ Ldt=1.08 fb-1 =§V+Jets
<= 7TeV CJach =>» Model dependent lower limits on the Z' mass:
10° \ £32/(1000 GeV) ,
e 5250 aav) SSM: m(Z’) >1.83 TeV @ 95% C.L.
10 " RS graviton: m(G*)>1.64 TeV @ 95% C.L.
1 }
10'1 % T I T 17T I T 17T T 17T | LI I LI l T
102 o 1F ATLAST v --- Expected limit —
L 1 I I I 1 Lo - = 7 .
80100 200 500 1000 2000 °© F \ZS_> ' © -EXpeCteji;" ]
B xpected+ 26
GeV
wru channel Moo [GeV] - — Observed limit |
IZBN Y i ' T T T T 10 = Zssm =
g 10 ATLAS o 2o = .z, E
o 10° p El?iboson - —7, 3
10* J Ldt=1.211b -3V+Jets L _
10° Ns=7TeV B2 (1000 Gev) 102 a
: Seiey : :
10 e - .
. - ee:det=1.08fb'1 u
10 ¢ i ; i
1 - uu:JLdt=1.21 fb -
10'3 1 I 1 1 1 I 1 1 1 l 1 1 1 I 11 L I 1 11 I 1 1 1 l L 1 L I L 1 1 1 1 I 1
10" 02 04 06 08 1 12 14 16 18 2
102 m [TeV]
| L
80100 200 500 1000 2000 19

m,, [GeV]



Events

Events

Step-(2) Increase of energy opens new horizons.
- Search for a W’ boson decaying in lepton+neutrino
search for a “jacobian” peak in a transverse mass spectrum.

] ev channel Model independent upper limits on o x B.R.
107 T T T P .

. ATLAS S as a function of the mass of the new vector boson;
10 W' — ev CJw'(1000)
10° \s=7TeV [Jw(2000)
10° . JLdt=10af0" W =>» Model dependent lower limits on the Z’ mass:
10° = Eg?;‘;son SSM: m(W’) >2.15 TeV @ 95% C.L.
102 | ]acD

10
3 1 __I T T T T I T T T T T T T T l T T T T I__

1 o g N ~-e-- NNLO theory -
107 ﬂé B %\% —e— Observed limit |
102 T—— '2 : : : 3 1. L ‘§ ----- Expected limit -

10 10 1 A [ Expected+ 16 |

My [GeV] 10 o E

M\/ Channel = Expected * 26 ]

107 ' ATLAS ! oDa}taIQOﬁ I E E
10° W [Jw(500)

- u CJW'(1000) o h

10° \s=7TeV [Jw'(2000) 107k E

10t [Ldt=1.04f" LW - ]

\ B - ATLAS i
10 : L il

["]Diboson W —>lv

2 ;

10 10°ENs=7TeV, | Ldt = 1.04 b =
10 c . . v oy T

1 500 1000 1500 2000 2500
10" m,,. [GeV]
102 = ; "

102 10° 20



Step-(2) Increase of energy opens new horizons.
- Search for jet-jet resonances in Dijet events
search for a peak in a dijet mass spectrum.

Reconstructed dijet mass distribution fitted
with a smooth functional form describing

the QCD background.
Vertical lines show th

excess found by the “BumpHunter” algorithm.

e most significant

| |

12 | IR ]
$ 10° ATLAS =
S
- 10° e Data _
o — Fit 1
- Ns =7TeV E
[Lar=1.0f" =
10 .
1 S
107 L—é
o S
e 2 3
S o :
£,
B2 S A ol ol
? 1000 2000 3000 4000

Reconstructed m; [GeV]

Model dependent Mass lower limit:

- Excited Quark g*:
- Axigluon:
- Colour Octet Scalar:

M(g*)>2.99 TeV
M(A) > 3.32 TeV
M(S) >1.92 TeV

T 111

T T ITT”W T llTITIlI

T T”TTII

— 1 T T T — T T T3

—_— q*
A E
—e— Observed 95% CL upper limit
---------------------- Expected 95% CL upper limit
68% and 95% bands E

NI

/
Illll

\\ ATLAS
\. J' Ldi=1.01fb"

Ns=7TeV

11 I\IH"

L | I 1 | 1 | 1 | L | N L l ]
1000 2000 3000 4000
Mass [GeV]



Step-(3) SUSY
select event topologies with large E;™iss and multi-jet/leptons activity

~ ~

SUSY particles production PP = 49-98-88
in pp collisions: cascade g—qx,
toward a LSP 7> qc_]fglo
channel LY
Oleptons + jets + E,;™Miss 1.04
q> ) Oleptons + mult. jets + E;™ss  1.34
— R g‘ _______ ) I }é? 1lepton + jets + E miss 1
/‘/51 2leptons + jets + EMisS 1
1 S 2-leptons Oleptons + b-jets + EMiss 0.83
llepton + b-jets + E;Miss 0.83

General analysis strategy: '
cut-based selection Yy + B 1
background estimate through control regions
count events at end of selection and compare to background predictions
upper limit on cross-sections
exclusion areas in SUSY planes (many possible choises, mainly mSUGRA/MSSM) 22



Entries / 150 GeV

DATA /MC

SUSY Examples:
/ Oleptons + jets + £,5 analyses:
(@) 2+ 4 jet analysis
(b) > 6 jet analysis

Cut & Discriminant variables are m_, (a) or E;miss/H- (b)
Cowunt

M Njet Nlept
eff _ i J miss
Moy = E‘pT + E‘pT‘-l- Er
i=1 j=1
(a) (b)
1 05 __I T T T | T T T T T T T T | T T T T I T T T T I T T T T I L_ ‘Q_ El T T I T T I T T T I T T T ' T T |D| t| |20|1 1| (l\ T T 7|T| \/l) T
E e Data 2011 \s=7TeV) 3> - -1 b ata s=71e j
F 4 — SM Total 3 8 10° = J Ldt~1.341b —— Background Prediction 7§
10% L dt~1.04 fo [ QCD multijet . E - [ ] QCD+tt— qq (Template) 7
E Weiet 3, 4 ATLAS Preliminary : ]
£ Four Jet High Mass =Z J."? ° 110 [ ﬁ:pgen vv_) q(l’“ ) 3
n +jets 1= = I Alpgen W—s (e u,t)v 3
10° E Channel [+t and single top =R B Alpgen Z— vv T
E e SM + SU(660,240,0,10) 3 §10 %% SUSY Point (1220,180)
100 . ATLAS Preliminary = %102 Signal Region 3‘
i 18 F >7jetsp_>55GeV ]
108 FE 102 E
c 1Z  E.8 ]
e E 1 ;ﬁj : : E
10" = 107§ i HHIH:
Z.g ........................... : %1 zE : | | .
1.5; ................................................ = E A g YJ |0
3 T L feees _
]S ol I T BosEo Sectesty ¢ + O 3
0% 500 1000 1500 2000 _ 2500 _ 3000 2 & 6 8 1012 14 16
m,, [GeV] ET*/\ H; (GeV'™)

Data agree well with background estimates (SM processes) and exclude SUSY points
SU(660,240,0,10) means (my,m, ,,A,tgf)

23



MSUGRA/CMSSM: tanB = 10, A = 0, p>0

ATLAS SUSY exclusion plots from Oleptons + jets + Etmiss analysis:

If M(squa

rk)=M(gluino)=M

L™=1.341fb"

- T T°T I T 1T I T 17T T 17T l T 17T C! T T 1T 17T 1T 1]

% - ATLAS Prellmlnary obs. CLs 95% C.L. limit -

(5 290 =7 e T exp. CLs 95% C.L. limit

= - Multijets plus ET Combined . exp. CLs 68% C.L. limit ]

,\_500 - e : exp. CLs 99% C.L. limit ]

& - \ 91\“\ o ST 2011 EPS CLs 95% C.L. limit

; N\, ,\ /; \ _* :

450 =, i) i ) P2y, -

M ‘-\“ ' | | D05, g tanp=3, u<0, 2.1 fo" J

400 - \?, T I CDF 3, tanp=5, u<0, 2 o ]

~ - > e T—-— ]

C 'gc%/ ! (1 000) \ - Theoretically excluded ]

— TS ., . \ ' [

350 - AR . ! s\ 11 \\ ]

- ' : x | ;. | =

- K x 1, n \ L

300 -7 W T z | =

”‘h ' & o _4 ]

~ 9 ! el

250 - _
200
150

500 1000 1500 2000 2500 3000 3500
m, [GeV]

=> M> 980 (1075) GeV

Squark-gluino-neutralino model (m o= 0 GeV)

2000 T T T T[T T ATLAS Preliminary
8 ‘ : : : i1 0lepton 2011 combined
;- 1750 : .‘ : ‘ == CL_ Observed 95% C.L. limit
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Still large space for SUSY, but constraints start to be significant
(see “Implications of LHC results for TeV-scale physics” CERN workshop 29/8-2/9)

Higgs mass > 130 GeV =» SUSY experimentally unaccessible
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Conclusions

*The LHC and ATLAS are working well: continuous monitor
and improvement of performance;

Standard Model also well at work: all predictions are up to
now well matched by data, remarkably accurate
description of “background processes” for new physics
searches is available;

*Searches for the Higgs boson are in a very exciting status,
the answer to the quest for SM Higgs is behind the corner,
2011-2012 run is crucial;

*Many BSM searches are in progress with a wide and open
range of possibilities: no signal found yet, however
still large space for discoveries.
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Higgs cross-sections

Gluon fusion: known at NNLO | g 3 A.ss:\c/i\;lt/e; production
with large uncertainty ~15-20% - >V.W\/ ;f(VIt Lo
on gluon processes . : : Y I nown at

Brrryg et
Vector Boson Fusion: ¢
Known at NNLO QCD+NLO EW, ceeen
uncertainty ~ 5% [
B.r ‘1L Al ~—

- Common effort (ATLAS, CMS, Theorists)
for cross sections determinations
(Yellow Report CERN-2011-002)

- Backgrounds are in general determined
from data

— use N(N)LO signal cross sections for
exclusion

uncertainty ~5%

Associated production
with ttbar:

Known at NLO
uncertainty ~|5%
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Events /10 GeV

Events /10 GeV

Search for low mass Higgs in WH, H=>bb and in ZH, H=>bb

200

150

100

50

IIII]IIIIlIIIIlIIIIlIII

T T

T T T T

B T I T T T T | T T T
?—’50:‘Datazo11,\s=7TeV,JLdt=1.04fb‘1

ATLAS Preliminary _+_ Data

- m,=120 GeV, 20xSM

T T

lllllllllllllllllllllll

1 I 1
200 250
m ; [GeV]

1 | 1
150

Events /10 GeV

60

50

40

30

20

10

Dat:;12011,\s=7Te\/,JLc:|t=1.04fb'1
ATLAS Preliminary —+— Data

. m, =120 GeV, 20xSM

IIIIII|IIIIIIIII|IIII

IIIIIllllllllllllllllIIIIl

Search for low mass Higgs in H>tt2It, 43V (left) and H> tt—2>1l4v (right)

350

300

250

200

150

100

50

III[|IIII|IIII|IIII|IIII|IIIIIIIII|I

rrr T rrrrrrrr T e T

Data 2011, \s=7TeV, | Ldt=1.06 fb"

+

MR R

ATLAS Preliminary

—+— Data

- my=120 GeV, 12xSM

|:| Total background

H-1,

I[llIlI|l|lll|lll|IIlIllIllIlllIlIl

P BT |

oO

50

100

150 200 250 300 350 400
m,. [GeV]

Events / 20 GeV

T T 17T I T 1T T 7T I UL I T T 171 I T T 171 I L I T T 17T I T T 1 1]
50 Data 2011,\s = 7 TeV, | Ldt = 1.06 fo "]
40:_ ATLAS Preliminary _:

- —4— Data N
30:_ [ m.=120 GeV, 30xSM

- |:| Total background 1
20— ]

E H-tt+1j E
101 _+_ + .

o : 11 A_‘_ﬁ 1 [ I | | |_+_| 1 | | T | 11 :
0 50 100 150 200 250 300 350 400

m,, [GeV]



Search for high mass Higgs in H=>ZZ->1ljj: untagged jets (left) and b-tagged jets (right)
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Limit setting: a frequentist procedure based on the CLs concept (A.Read, J.Phys.G28 (2002) 2693)

- First write down the expected number of events for a given channel j
N = us,(8) + b,(6)

u= signal strength

s(6) = expected signal for channel j at the end of the selection
(includes cross-section, luminosity, efficiency...)

b,(6) = sum of the expected backgrounds at the end of the selection
(depends on control region, MC, cross-sections,...)

6 = set of “nuisance parameters”

b
= From the profile likelihood ratio get the observed vaIue q; ® of the test statistic
L(N” /M,e)
L(N® | (1,6)

that depends on observed and expected number of events for any given u.
—> Then find that value of u for which the probability ratio satisfies

P(q, = q,f”/uﬁ )
P(q, =4 10,6,)

For the combined result use the same technique with a profile likelihood based on
the product of the single channels likelihoods

q,=-2In

=0.05

CL. =



The combination method naturally takes into account all uncertainties.
Correlated uncertainties are due to experimental common conditions (see table below)
Uncorrelated uncertainties are due to channel specific problems
(control regions, background extrapolation,..)
Theoretical uncertainties are either correlated (PDFs, cross-sections) and uncorrelated

Table 3: Main correlated systematic uncertainties used in the analysis. These relative uncertainties (%)
correspond to the overall effect on the per-event signal efficiency of the 410 variation of the source of
systematic uncertainty. Some of them, such as the energy scale in the H — Yy search, are included but
are not apparent in this table as they do not affect event rates.

H— 1ttt Hosw Hoph B ww ) H—zz™
UThaa  TeTi+ jet 44 tviv e ivy  llgq
Luminosity +37 437 +3.7 437 +3.7 +3.7 437 437
e/y eff. +3.5 Y e 423 +2.2 +33 +12 +£1.1
e/y E. scale o1 2 - 2 +0.1 - s .
e/yres. - +3.7 - Y +0.1 - - -
1 eff. +1.0 139 - 130 +0.6 +12 135 +0.6
0.4
LL Tes. - e - +5.8 +1.6 . . .
Jet/t/MET E. scale 17 = - al +6.1 v TS
JER - +2.0 - +2.5 22 - - iy,
4.4 55 6.6
MET - 1-53 - i-6_1 - +0.6 1-4.2 -

b-tag eff. - - - L +0.1 - 183




Another “view” of the exclusion plot.

The value of the combined CLs for p = 1 (testing the Standard Model Higgs boson hypothesis)
as a function of M, in the full mass range.

By definition, the regions with CLs < a are considered excluded at the (1 - a ) CL or stronger.
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Another view of the exclusion plot:

The consistency of the observed results with the background-only hypothesis is shown
in the full mass range. The dashed line shows the median expected significance in the
hypothesis of a Standard Model Higgs boson production signal.
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The combined 95% CL limit on the Higgs boson production cross section in the framework
of a Standard Model with the addition of a heavy fourth generation of fermions
as a function of M,,. All the range is clearly excluded.

E : I I I | I I | I I 1 I I 1 I I I I I I 1
P E ATLAS Prelminary  CLs Limits :
2 . — Observed 4™ Generation Model -
@)

S 10 ... =
£ F Expectea I Ldt = 1.0-2.3 fb "'
" i - +10 7
1 \s=7TeV _
@

I I R
Q)

(0))

T TTTTTI

|

[ IIIIII|

1 | | | | 1 1

1 I 1 l
500 600
m, [GeV]

'2 1 l 1 1 l 1 1 I 1 1 I 1
10 200 300 400

34



Search for the Higgs Bosons in the context of MSSM

Higgs sector in MSSM - 5 physical states:
h/H/A (neutrals scalar/pseudoscalars)
H* (charged scalar)

Masses and properties depending on two

parameters only : m, and tanf3

Production mechanism in pp collisions:

gg~>h/H/A  (gluon-gluon fusion)
bbh/H/A (associate production)
t2>H*b (from top decay, light H)

Main decay channels (in large regions of
parameter space):

h/H/A=>Tt T

H* 27V, cs

ATLAS analyses:
h/H/A>T*t (see limit)
t—=>H*b—>csbar b
H* 2 tv

@60 L I /I I )
% [ All channels ] "]
- -  =—@== Observed CLs
LEEEL Expected CLs
50 mmm -t
+ 20 _

i LEP ”
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Expected and observed exclusion limits based
on CLs in the m, - tan B plane of the MSSM
derived from the combination of the analyses
for the ep, Ir,,, and 1,,,7,,4 final states. The dark
green and yellow) bands correspond to the +1¢
and +2¢ error bands, respectively.



IVISSIVI Higgs bosons
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* Five Higgs bosons: h, H, A, H*/-
* Higgs sector is defined at tree level by M, tanf3
— rad. corrections introduce dependence on other model parameters

* Upper limit on m, ~ 135 GeV




E EXPERIMENT
Run Number: 179938, Event Number: 12054480

m(jet-jet) = 4.0 TeV Missing E; = 100 GeV



