Higgs boson searches in the ATLAS experiment
- Recent results-
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Qutline:

1. Introduction, Data taking, ATLAS performance

2. Search for the Standard Model Higgs boson
- Focus on important channels in the low mass region
- Summary of searches in the high mass region

3. Combination of results

4. Afew examples on recent searches for non-Standard Model Higgs
bosons




Total Integrated Luminosity [fb 7]
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ATLAS data taking in 2011
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Excellent LHC performance in 2011
(far beyond expectations)

Peak luminosity seen by ATLAS:
3681105 cne<isy’!

1 fb-1 line passed in June 2011

Excellent performance of ATLAS

Small fraction of non-working detector
channels (few per mille 2> 3.5%)

Data taking efficiency is high: ~93.5%

High fraction (90-96%) used for analysis
(good quality, depends on analysis)



Recorded Luminosity [pb™]

ATLAS running conditions in 2011

ATLAS Online 2011,\/s=7 TeV f Ldt=5.2 fb’

— p*=1.0m,<u>=11.6
— pB*=1.5m,<u>= 6.3

II IIIII
6 8 10 12 14 16 18 20 22 24
Mean Number of Interactions per Crossing

* High peak luminosity and 50 ns bunch
spacing -> high pile-up

« Two running periods with different
machine settings

(period A (Mar - July): u= 6.3,
period B (Aug. - Oct): u = 11.6,
with tails beyond 20 interactions /
beam crossing, ~ design luminosity)

» Very challenging for trigger, computing,
reconstruction of physics objects,...

An event with 20
reconstructed vertices

(error ellipses are scaled up

by a factor of 20 for visibility
reasons)
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An impressive number of processes have already been measured
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Excellent agreement with the Standard Model predictions
Important for background estimates in Higgs boson searches




Status of Higgs Boson searches
- based on results presented at the Summer Conferences 2011-
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Updates on the analyses (since the Summer Conferences)

More data: analyses of some channels are based on the full 2011 data set
(up to 4.9 fb1)

Huge effort to improve the understanding of the detector performance
- 2011 data recorded with very different conditions compared to 2010

- Improved knowledge (of many subtle effects) propagated to the simulation
and reconstruction, e.g.
* in- and out-of-time pile-up, including bunch train structure (see below)
* new detector alignment
* better material description

*
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A few performance figures: (i) electrons
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Electron identification efficiencies: g 1o0f emnary Lo " o

@ e _ Lo oex #b et 8
(based on measurements from Z - ee, § oof | ; g ou 3
W - ev and J/y-> ee in data, S o |t I ; 3
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-é.:é BOE;J OB mgp R ' * q
é 75'?_ - 08 = 5 . __
) % 65}1 gct LEoseqw A M(:t Mﬁdi{;jm++ O I\DACt Ti h::;'* —_«
. :. ata Loose++ a Data Medium++ ata g ++':
Electron calorimeter energy scale: 60.‘.2...4.”61..g..fol..12...14“.1%...18..‘2_0.

(based on Z 2> ee, W - ev, J/y—> ee in data)

- Energy scale at m, known to ~0.5%
- Linearity better than 1% (over few GeV - few 100 GeV)

Number of reconstructed vertices

- “Uniformity” (constant term of resolution): 1% (barrel) -1.7 % (end-cap)



A few performance figures: (ii) muons

Muon isolation efficiency (in calorimeter),

Improved Z - up mass resolution measured from Z = uu events in data

via improved alignment

and Monte Carlo simulation
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Number of reconstructed vertices

MC (perfect):
Data Spring 2011 :

Data Summer 2011:

2.31+£0.01 GeV

2.89+£0.01 GeV

2.45+0.01 GeV




Higgs boson production cross sections

e

: Gluon Fusion o)
t ---H o

1 —10
<

1

\'s=7 TeV

YT

LHC HIGGS XS WG 2010

I TIIHH]
| llllllll

+

} I
. Vector boson !

>~ ~"H fusion o

Ty . T 1
. 10
_____ H tt associated
production
.V;,':_LL"LL'L t

L WHIZH

associated : : - - :
“H production 200 300 400 500 MH [Ge{I/?OO

LHC Higgs cross-section working group, 2010, arXiv: 1101.0593

Ll l[lllll

T 1 IIHH]
1 lllllll

—

<
(V)
I

N mERLLL

o -
o

ATLAS Higgs boson signal simulation:

- POWHEG Monte Carlo + PYTHIA for showering and hadronization
- Cross sections normalized to calculations of LHC Higgs cross-section working group
(NNLO+NNLL for gg, NNLO for VBF and VH processes)
- Reweighting of Higgs boson p; spectrum in gg process (De Florian et al, arXiv:1109.2109)
- Uncertainties according to the recommendations of the LHC Higgs cross-section group 10



Overview on ATLAS analyses

Channel Mass range | L, (fb") Main backgrounds
(GeV)
Low mass:
H-> vy 110 — 150 4.9 s Y i
H->ZZ*"> i 110 - 180 4.8 ZZ*, tt, Zbb
H-> WWO > fv v 110 — 180 2.1 WW, tt, Z+jets
H>tt> 0+ ... 110 — 140 1.1 Z > 1, it
S>tt >l 4t - 100 - 150 1.1 Z > 1, tt
W(Z) H > tv(#f) bb 110 — 130 1.1 W(Z) + jets, tt ,..
High mass:
H->WW > v iv 180 — 300 2.1 WW, tt, Z+jets
- v qq 240 - 600 1.1 W+jet, tt, jets (QCD)
H>ZZ >4 180 — 600 4.8 ZZ
2> v 200 — 600 2.1 ZZ, tt, Z+jets
2> qq 200 — 600 2.1 Z+jets, tt

- Searches in yy and 41 final states are based on the full data set
- Updates of the other channels expected for Moriond 2012
(requires a solid understanding of more complex signatures at high luminosity, e.g. E{™ss) 14



Search forH > WW = {v {v

Most sensitive channel over ~130 — 180 GeV |-
(large H > WW branching ratio around 160 GeV)

Clean signature of two isolated leptons, large E{™'ss,
Topological cuts against the “irreducible” WW background
(Ady , pr(tt), m, -due to spin-0 of Higgs boson-)

However, two neutrinos in final state, no mass peak - counting experiment

Important: - understanding of missing transverse energy and
- backgrounds in the signal region (transverse mass)

Emi\s [‘ e if A(” = 7(/2
Torel = I'“l -sinA¢  if Ad < /2
E.Miss distribution after basic lepton 3 10Earias | - bda o smisosa -
. . I Diboson [_] Top
requirements:  p; >25/15 GeV Y 102 (o= 7T, [Lat=205 17 B 2o ¢ IS0 G
my > 15 GeV S 107 . ww—evev = wiets
o 10°
10*
- well described (several components), 10°
. : 2
dominated by real E;™ss above ~50 GeV; 10
10
(no large tails from fake E;Mss visible) 1

-1 :
10O 20 40 60 80 100 120 140 160 180 200

ETe [GeV] 2



Search for H > WW - v {v (cont.)

 Additional cuts: Z-mass veto:

E; o™ >40 GeV (ee,up),

Img —m; [ <15 GeV  (ee, uu)

> 25 GeV (en)

» Split according to jet multiplicity - multiplicity distribution well described

(E; > 25 GeV)

S

-

TLAS

Even

e Data %4 SM (sys @ stat) =

[ Diboson [ ] Top

- background composition depends on # jets

Use control regions with small signal
contamination in data to constrain
the backgrounds

Use Monte Carlo to extrapolate into
the signal region

s=7TeV, [ Ldt=2.05" Wl Z+ets I iH[150Gev]
[ WHjets (data driven) 3
H—>WW—slviv =
.. I + ] L E
2 4 6 8 10
N

Control MC Observed
region expectation in data
WW 0-jet 296136 296
WW 1-jet 171121 184
Top 1-jet 270169 249

13



Events / 10 GeV

Search for H > WW - v {v (cont.)

Transverse mass distributions for the 0- and 1-jet events after additional
topological cuts (Apy, < 1.3, m, < 50 GeV)

B
50 _ATLAS e Data % SM (sys @ stat) ]|
[ Diboson [] tt/Single Top
[Ns=7TeV, [ Ldt=2.05f" [l Z/y*+ets I i H[130 GeV]
40— [ W+ets (data driven)

L H=WW-—lvlv + 0 jets

30
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mr = J(E%-’ + E?‘i'\\ 2 (P1 + plpls

20T
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Events /10 GeV

12
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14 H=WW—hv + 1 jet

60 80 100 120 140 160 180 200 220 240

B I L IR B LN IR e
e Data %4 SM (sys @ stat) E
B Diboson [] tt/Single Top

Ldt=2.05fb" Wl Z~*+ets I.7 H[130 GeV]
[ W+ets (data driven)

my [GeV]

Number of events after final cuts: 0.75 m, < m; <my

m, = 130 GeV 0-jet 1-jet
Observed in data 67 27
Expected background 56+ 10 20 £ 3
Expected signal 14+ 3 49+ 1.1

Dominant syst. uncertainties:

- background normalization
(statistics in control regions)

- cross sections, pdfs

- energy scales, E{Mss

14



H-> WW > {v iv: sensitivity and exclusion

Cross sections og; that can be excluded . f
with a C.L. of 95%, normalized to the Py consistency of the data with the

Standard Model cross sections background-only hypothesis

=10°

; * E o : ‘ T T T T T T T T ‘*\ T T T :

£ AlLAS HoWW S iviv E o L[ ATLAS H-WW" —vlv -

[© B —— Observed N A T e 3

§ [ - Expected Ldt = 2.05 fb” ] 10 P — -
= | mP _ = VN ST xpected froma (3 ,
£ 1o - ?O s=7TeV E 102 : 7<= SM Higgs boson ]
3 - = 10 E - ; ; at given my, 15
e - 103 e o

o E — Observed 3

o - ) 104 ---- Expected -
TR N oia R . S © 4o

- = 5 |

E ] 10° f Ldt=2.05fb"

I i 108 ls=7Tev
PR 3 50

10-1 [ I R [ B B RN IR UNT N RHNT S R 10-7 |- PR T NN Y WA SN TN AN T SO ST SR Y S SR S
120 140 160 180 200 220 240 260 280 300 100 150 200 250 300
m, [GeV] m,, [GeV]

Excluded mass regions (95% C.L.): 145 <m, <206 GeV
(Expected exclusion: 134 <my <200 GeV)

Observed limit within 2o of expected, maximal deviation: 1.90 for a mass around 130 GeV

The observed limits at neighboring mass points are highly correlated due to the limited mass resolution in
this final state. The discontinuities in the expected and observed limits at 170 and 220 GeV are caused by a
change of the selection cuts at these points 15



Search for H = vy

One of the important discovery channels at low mass

Mass reconstruction possible, needs good yy mass resolution and direction
measurement of photons

Challenges:
- signal-to-background ratio q :[:::y
(small, but smooth irreducible yy background) 4 Y
- reducible backgrounds from yj and jj G} (o y
(several orders of magnitude larger than irreducible one) g ~ P ¥
q 7T

Large amount of material in the LHC trackers;
requires the reconstruction of converted photons

16



A yy eventin ATLAS

Event selection:

# ATLAS - 2 photons within [n| < 2.4 and
2 EXPERIMENT E. (v, v,) > 40, 25 GeV

\ Run Number: 191190, Event Number: 19448322

(exclude transition region between
barrel and endcap calorimeters)

- |solation criteria in tracker
and calorimeters
(calo: <5 GeVin AR < 0.4)

Important detector features:

- longitudinal (and lateral) segmen-
tation of the EM calorimeter is used
to measure the photon polar angle 6
(important at high pile-up)

- reconstruction of conversions in
silicon detectors and transition
radiation tracker

17



A few yy performance figures

« Di-photon events are classified in 9 categories, based on v, conversion status
and di-photon momentum component (P+,) transverse to the di-photon thrust axis

th pT
. P’ 5 p
o (m,,) | Event fraction T%’ i
m,=120 GeV GeV' |in 140 (m,) >
Ti
All 17 80 %
Best category 14 84% Photon energy scale and resolution
(unconverted central) , transported from electron studies using
Worst category (~10%) | 2.3 70% - -
S e 0 R Monte Carlo simulation
barrel/end-cap transition) (main systematics due to material effects)

o
.
N

L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L
[ ATLAS Preliminary ) ]
L (Simulation) — Fit

0.1—
F 99— H—yy, m =120 GeV,

+us<6 ]
+6<us<9 —

+9<u=12 2 « Signal description by a Crystal ball function

12 E 2 .
tu> | + a Gaussian for tails

1/N dN/dm,, /0.5 GeV
o
o
T

B « Mass resolution shows no sensitivity to
YIS 5 1d 116 118 50 125 io4 156 155 T30 pile-up
m,, [GeV]
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Events /1 GeV

Data - Bkg model

Measured yy mass spectrum
-after all selection cuts, summed over 9 categories-

8001

700

600

500

400

300

200

100

Data 2011

Inclusive diphoton sample

Background model

SM Higgs boson m, = 120 GeV (MC)

s=7TeV, f Ldt=4.9 fo"

FJ'IIII'IIII'IIII|IIII|IIII|IIII|II_

£

P it E
..I....I....I....I....I...§
110 120 130 140 150 160
m,, [GeV]

Background model: exponential function,
determined directly from data
(different models have been used

- systematics)

Excess of events seen around
m,, ~126 GeV

Use statistical analysis to quantify excess
incl. systematic uncertainties on

background and signal modelling

(yy mass resolution, yy pr modelling, ...)

19



dN/dm,, [GeV]

H = yy : composition of the yy continuum background

: T T T T I T T T T I T T T T I T T T T I T T T T I T T T T :
900  ATLAS Preliminary ydan % 20000F o ]
- —— Y+ = 18000 —<¢— Data-driven estimations ~ —
800¢7 Data 2011 A - = i SRR G S vy expected E
g \s=7TeV, [Ldt= 49 —— yj data 3 S - _ :
09 H —— jjdata 3 814000 e =
500E- H ++ ++ Ii 3 -g - P i expected E
5005 +++ bk —— Statistical error 3 > 12000~ DY expected 3
- ++ +++ 4ot Total error § 100001 ATLAS Preliminary =
400 it 4 E 8000} =
= # E o E
300i LA Phits. s - 6000F fL dedo i’ 3
20041, T Yoty g 40001 =
= T H+‘H’*H’+++++ ++++ o f - +E 2000 = =
1005 Pt b, i — ;
0] = e e o e e el e Y L
100 110 120 130 140 _ 150 160 Y Y] i DY
m,, [GeV]
Number of Fraction
events
Y 16000 + 1120 71 £ 5%
Vj 5200 £ 890 23 £ 4%
jj 1130 + 600 5+3%

ZIy* 165 + 8 0.7+0.1%




H - yy: sensitivity and exclusion

7 F  — Observed CL,limit E A A A B A R AR
B 7  — Expected CL_limit H—yy - 10— Observed p, Data 2011, s =7 TeV
5 - + 1o ATLAS Preliminary E S SM H — yy expected p ) ]
E 6? + 20 Data 2011, \s =7 TeV E 1k 0 det=4.9fb .
o °F det=4.9 o ] 0 N N
2 - . 1o B i e WY S i
3 20 N E
3f : 102 =
Z\A 102 ;30 """"""" ;
N N s y ____________________ S ATLAS Preliminary 3
110115 120 125 180 185 140 145 150 L T T LT R T T T R YT T
my [GeV] m,, [GeV]
« Maximum deviation from background-only expectation observed for
my~126 GeV:
- local py-value: 0.27% or 2.80 (expect 1.40 from SM Higgs boson)
- global py-value*: ~7% or 1.50
« Small mass ranges from 114 — 115 GeV and 135 — 136 GeV excluded

* The global p, value takes into account the probability that such an excess can appear anywhere in the
investigated mass range from 110 to 150 GeV (“Look-Elsewhere Effect”, LEE)



H - yy : p, values for different background models

Q_O j T T T 1 | T T T 1 | T T T T | T T T T | T T T T | T T T T | T T T 1 | T T 1 T t

10 L—— Observed p, Data 2011,\s =7 TeV ~ _

;; ...... SM H — yy expected p y ;

s 0 f Ldt = 4.9 fb Bl

; Q\-’" 4 - .““7" ‘V’_;

_.‘.I,,g .............................................. e mimi N s ol T

1 0-1 ARRCLEL T SN AR PO T —

2o SN S

107 -.-. Observed p_ (Hybrid) =

- - -.Observed p_ (Bernstein) 3

B0 e O X

10° o =

= ATLAS Preliminary 3

1 0-4 _| L1 1 1 | | I | | I I | | 111 1 | I I | | I I | | N N I | | I | |_
11 115 120 125 130 135 140 145 150

my [GeV]

Hybrid:  high P, categories are fitted with 2"d order Bernstein polynomials, the other
categories with a single exponential,
Bernstein: all categories are fitted with the Bernstein function
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Search for H > ZZ0) - 44

“Golden channel” over a large mass range;
Starts to get sensitivity with the present integrated luminosity

Mass reconstruction possible, need good lepton identification and measurement
down to low p; (to maximize the acceptance for low my)

Low signal rate, but also small backgrounds

- ZZ() continuum as irreducible background

- Top and Zbb production as reducible backgrounds (at low mass)
(suppressed via lepton isolation and impact parameter cuts)

ATLAS selection cuts: require 4 identified leptons (4e, 2e2u or 4u) with:

P;(1,2) >20 GeV (high trigger acceptance)
P:(34)> 7 GeV

In| <2.47 (e) and ~2.5 (w)

Isolation and impact parameter requirements

on the two softest leptons

m., = m, + 15 GeV
m,, > 15 — 60 GeV (for myin the range 120 - 200 GeV )

Signal acceptance x efficiency ~15% (my = 125 GeV)

23



Expected mass resolutions (for m, = 130 GeV):

2
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t

- Width dominated by experimental resolution:

VY T 1 7T ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L
- ATLAS Simulation Preliminary E
E ® m,=130GeV 1
— gaussian fit {
- Hozz4e -
F 5= (2.53«0.06) GeV ]
[ fraction outside = 25: 0.18 ]
4 W E
C * ]
111 l I | l 11 1 l L1 11 l 1
0O 9 100 110 120 130 140 150

meeee [G eV]

a.u./0.5 GeV

0.06

0.04-

0.02

3
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I I I I I I

| ATLAS Simulation Preliminary

L ® m,=130GeV i
- — gaussian fit —
L H_>ZZ_>4H A

- o =(1.98 +0.03) GeV 1

L fraction outside = 20: 0.15 “ i

Il

v

llllllllle
0 90 100

My [GEV]

~2.5 GeV for 4e
~2.0 GeV for 4u

(no Z mass constraints used in the fit)

- Event fractions outside +2¢ at the level of 15-18%

110 120 130 140 150



Measured 4{ mass spectra

> F I ] >0 ® DATA | o Ae b ]
& ATLAS Preliminary S10r -gaA(-:rlground ATLAS Preliminary
o121 e DATA — w  [JSignal (m =125 GeV) -
- | [ Background ] @ [3Signal (m =150 GeV) 1
2 [ Signal (m =150 GeV) - $ 8 mm Signal (m =190 GeV) 7
510 [ Signal (m' =190 GeV) ] a0 “ i
u>J - [ Signal (m =360 GeV) - - H—-ZZ "—4l i
= “ . 6  jfLdt=48fb" ? -
N H—>ZZ "4l ] I \s=7TeV ]
- dt=48f" - -
: s =7TeV ] ar
- B o
; ] 0=
I ] 100 150 200 - \2}]50
m e
200 400 600 al
m,, [GeV]
Mass range Full <180 GeV 117 — 128 GeV Main systematic uncertainties
S;Zewed In 4 8 3 Higgs cross-section  :~15%
Electron efficiency .~ 2-8%
Expected 62+9 93+15 1503 ZZ* background : ~15%
seleg el Zbb, +jets backgrounds : ~ 40%

Expected signal contribution for m=125 is ~1.5 events
Three events observed around 124 GeV: 2 (2e2u)- and 1 (4u)-event
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@ATLAS

EXPERIMENT
http://atlas.ch

o: (6%,6-p-p*)= 41.5, 26.5, 24.7, 18.3 GeV
Mg.e.= 76.8 GeV, m,, , =45.7 GeV

W\ m, =124.3 GeV

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST




H > ZZ() > 41: sensitivity and exclusion

=10° AR AR AR RN RN AR RN =1 0% T T T T e
3 ATLAS Preiminary — Observed CL < [ ATLASPreliminary — Observed CL,
c Hszz0-a Expected CL_ : c H-zZ"—a Expected CL_
2 fLdt=4.81b" W-io 2 fLdt=481b" M=o

£ Js=7 TeV Tx20 £ \s=7 TeV 20

O 10k o 10E >
o o

I |||||||| IIIIIIIIIIIIIIIIIIIII ||||||||
110720 130 140 150 160 170 180 300 250 300 350 400 250 500 250 600
my [GeV] my [GeV]

Excluded mass regions (95% C.L.): [135-156], [181-234] and [255-415] GeV

(Expected exclusion: 137<my <158 GeV and 185< m, <400 GeV)



Test of background-only hypothesis for the 4f channel

ATLAS Preliminary 7

10° 7+ Observed H— 727" 41 1

P [Ldt=481" -
30 \s=7 TeV :

101157120 130 140 150 160 170 180 190 200

m, [GeV]

ATLAS Preliminary -

41 ¥ v
10 - —— Observed H-s 77— 4
o Expected .
105 2g frat=48t?
6 :l ------- ° O\ | \/\§=7 TeY [
10900 200 300 400 500 600
m,, [GeV]

Small probabilities for background-only hypothesis observed for:

my (GeV) local (global) | Local Expected signif.
Po significance | from SM Higgs
125 1.8% (~50%)** 210 140
244* 1.1% (~50%) 230 3.20
500 1.4% (~50%) 220 150

*) already excluded by the ATLAS + CMS combination
**) Look-elsewhere-effect evaluated over the mass range 110 — 600 GeV
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Summary of Search Results in the
High Mass Region

29



Events /5 GeV

Results from ATLAS on various high mass search channels:

12

10
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—4— Data
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o M e —
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90 ATLAS Preliminary 3
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background processes

Also in these channels: data are consistent with expectations from Standard Model
- work out significances / statistics
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95% CL limit on o/og,

Summary of the current status of the
Higgs boson search in ATLAS

- excluded cross sections by individual channels -
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The grand combination

—

CLs L|m|ts

f Ldt = 1.0-4.9 fo
\s=7TeV

=

S ATLAS Prellmlnary
E —— Observed
§ 10E ... Expected
:E - @10

5 - [=+20

- -
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R

Yo}
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2011 Data 7
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Channels included:
H->vyy, H>Tt

H > WWO-> fv Iy
H-> WW->{v qq
H->ZZ0 > 44,
H> ZZ > v
H->2ZzZ-> Hqq,
H-> WW->{v qq

Not included:
W/ZH-> {bb+X

M, [GeV]

s 101 T T AU
s> [ ATLAS Preliminary 2011 Data 7
B - — Observed -1 -
S | T Expected f Ldt = 1.0-4.9 fb ]
E | B=10 s=7TeV ]
_I — —
—
O
X 1 g —
Te] - ]
o - ]
CLs Limits
10'1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
100 200 300 400 500 600
M, [GeV]

Excluded mass regions:

95 % C.L. 99 % C.L.
112.7 — 115.5 GeV
131 - 237 GeV | 133 — 230 GeV
251 - 468 GeV | 260 — 437 GeV

95% C.L. expected exclusion: 124.6 — 520 GeV
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ocal P-Value

Consistency of the data with the background-only expectation
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R R ROee LIS SRS PR 438 107V 3
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Y --- Expected = 3 ‘ E
.................................................................... 340 ;:
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M, [GeV]

Lowest probability (p, = 1.9 10-4) for background-only expectation observed

for my ~126 GeV

Local significance of excess: 3.60 (2.80H 2 vy, 2.1cH > 4{,1.40 H > v iv)

Global significances: 2.5¢ (p = 0.6%)
2.20 (p = 1.4%)

Look-elsewhere-effect over 110 — 146 GeV
Look-elsewhere-effect over 110 — 600 GeV
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Compatibility of the observation with the expected strength of
a Standard Model Higgs boson (combination of yy, 44, tviv)

Signal strength: u =0/ ogy
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I SN N I
400 500

Observed signal strength is compatible with the expectation from a

Standard Model Higgs boson, within errors

These best fit values do not account for energy scale systematic uncertainties
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Signal strength

Compatibility of the observation with the expected strength of

a Standard Model Higgs boson (individual channels)

Signal strength: u =0/ ogy

Signal strength
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e

- The observed excess in the yy channel
is a factor of (2 £ 0.8) larger than expected

Excess in the 4% and £v v channels, as well

as for the combination are compatible within 1c
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A short summary of recent results on searches for

non-Standard Model Higgs bosons

Search for MSSM Higgs bosons in <t final states

« Search for fermiophobic Higgs bosons
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Events / 10 GeV

Search for A/lH =2 t <t

The production of neutral Higgs bosons A/H is enhanced at large tanf in the
MSSM

Search for A/H = Tt decays in four final states, characterized by the t decays:
- A/lH 2 tt 2 evv uvv

- 21Tt 2 evwT,v and uvv T4V
A 9 TT 9 ‘Chad\/ ‘Ehad\/

Good T identification required, m_. reconstructed via visible mass or using the

missing mass calculation technique L =1.06 fb-"
r T ‘ T T T T ‘ T T T ‘ T T T \7 > F \‘\\\\‘\\\\ UL UL TT 1T > ‘ T 1T ‘ T 1T T 1T |
700? —&— Data 2011 | hannels [ 70 -
. — 1, tanp=! B G 400 (O] —$— Data 2011 ]
r e M B ;;iﬂg)Hembed;ef % ] o I Thad —<4— Data 2011 0 Thad Ihad ----- A(200)H/h — T, tanp=20 ]
600 Others - T350- 00 e A(120)/H/h—>tr, tanp=20 ~ 60, o ]
r , ] > Ziy*(—r) emb.(0S-SS) ~ Lt 7 ult-Jet ]
r (I g‘ggs"” it ] 2 & Others(0S-SS) % £ 2y ()
500 _— e E g 300+ Wijets (0S-55) g 20 W) + ot ]
F ~ syst ] W o5 _ z:ne Sian 1 @ F Others
400 = c S ] 40t 2 s E
3005 fs=7TeV, f Ldt=1.081" 1 200; \s = 7TeV, f L=106f" ] 30- E
F . . 150 . . Vs=7TeV, [Ldt=1.06 "
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- Select 4630 events in data

- Expectation from SM background sources: 4900 + 600 37



Cross section limits and excluded mass regions in the MSSM
parameter space
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Search for a fermiophobic Higgs boson in the yy decay mode
» Benchmark model considered: - all fermion couplings set to O
- bosonic couplings kept at the SM values

- modified Higgs production and decay branching ratios,
e.g. no contributions from the gluon-fusion and ttH associated production modes

E- 102; T T T T T T T T T T T T T T T ; é
& b \s=7TeV Fermiophobic12  Higgs production with decays to
e ok WW (SM) ¢ yyislarger than in the SM for m, < 120 GeV
X E e 18
I i
1 E Perform analysis similar to SM H - yy search
10" f VBF and VH production = higher transverse
N : momentum due to recoiling jets or vector bosons
10 E
21 (M) .
103 L R\ PRZN " | 1 | 1 ]
100 150 200 250

39



%200;\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\\\7 %100: \\‘\\\\‘\\\\‘\\\\‘\\\\ \\\\: % 45:\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\\\:
G “"F ATLAS Preliminary G ggi- ATLAS Preliminary 1 O oL ATLAS Preliminary T L=1.08 fb-1
T 180F ) N F ) 1 I ) ] )
9160+\@=7Tev,det=1.08fb1 2 80C @=7Tev,f|_o|t=1.08fb1 18 g E:?Tev,fl_dt=1.08fb1 ]
c - c F 1 c F
o F o r ] o .
> n ata ] > - ata — > C ata ]
W 140 + * ga(tzk;rTJndht ] w 70? * Ea(t:kgzr?)1u1nd fit ] W 30 * ga(tzk;r?)::ndfit -
,,,,,,,, Bkg + MC Signal mH=115 GeV 60; --------. Bkg + MC Signal mH=115 GeV - C --------. Bkg + MC Signal mH=115 GeV -
1201 + ] g 1 25[- - 1
i 5o+ ﬁ + = g i
100 E ] [ i
r 1 20r HE
80 401 o ] AN
60/ 30 ) 15 I
w0 . |
20 & 100 IRARET: 5
N Iow—pT category ] F mld—pT category ] r hlgh—pT category
07\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7 07\\ \\‘\\\\‘\\\\‘\\\\‘\\\\7 07\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
100 110 120 130 140 150 160 100 110 120 130 140 150 160 100 110 120 130 140 150 160
my, [GeV] m,, [GeV] m,, [GeV]

No excess of events above Standard Model background (for different p; categories)
—> exclusion limits

g T 77T
JEZL —— Observed limit ATLAS Preliminary
E M e Expected limit J‘ 4]
QLL oL |:|i1(5 2011 data, L=1.081b |
2 - [ J+20 7
S - .
E - - Excluded mass regions:
3 i § - 110 -111 GeV and
g‘; L B - 113.5-117.5 GeV
Fermiophobic H — vy Expected exclusion: 110 — 116 GeV
T W S T N SO T TR SR AT ST ST S S N’ M|
110 115 120 125 130
my [GeV]

40



Summary and conclusions

The operation of the LHC and of the ATLAS experiment in 2011 was superb

LHC has reached sensitivity for the Standard Model Higgs boson and first
exclusions beyond the LEP and Tevatron limits have been presented by ATLAS and CMS

The ATLAS experiment has restricted the allowed mass range for the Standard
Model Higgs boson to three regions (with 95% C.L.):

115.5<my <131 GeV .or. 237 <my<251GeV .or. my>468 GeV

The data are consistent with the expectations from Standard Model background
processes, however, a low background-only probability of 0.6% (2.50), after
correcting for the look-elsewhere-effect, is found for my, ~126 GeV

The fitted signal strength for a signal + background hypothesis at that mass
in the three most important channels (H 2yy, H 2> ZZ > 4¢and H > WW - tv tv)
is consistent with the Standard Model value, within errors.

More data and a combination with the CMS experiment are needed to draw
definite conclusions

2012 is going to be an exciting year for all of us !!
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124-126 GeV would be a nice Higgs mass to have !

—> Zurich Higgs workshop 2009
Step 2: measurement of ratios of couplings:

Additional assumption: particle content in the gg- and yy-loops are known;

Information from Higgs production is now used as well;
Important for the determination of the top-Yukawa coupling

| dH2) /g HW) ¢H.2) /g (HW)
| — g*(H.1) / G°(H,W) ——g¥%(H) / g°(HW)
2(H.b) / g(H.W g%(H,b) / g“(H.W)
without syst. uncertainty 1__ J without syst uncertainty
ATLAS+CMS
} 08 /' ATLAS
j L dt=2*30 fb
/ -1
0.6 j L dt=300 fb
0.4
0.2 LN .
L \ 0.2
_l l 11 1 1 ll lllI 1 lJ 1 llll 1 1 llll-'.l-ll

O.LL-JL;LL;LL,.J..Ll.lk;lL;-LL;,LL;Ll.ll.lL..Ll;LL.
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 180
m,, [GeV] m, [GeV]
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Backup Slides
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Events /1 GeV

vy mass spectra for the nine categories (cont.)
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Reducible backgrounds from Zbb, Z+jets, tt giving 2 genuine + 2 fake leptons measured
using background-enriched and signal-depleted control regions in data
(chose a compromise between statistics and “purity”)

Zbb+Z+jets control regions:

» Select events with 2 opposite-sign same-flavour leptons, m;=m, £15 GeV
« 2 additional same-flavour leptons passing all cuts but isolation and impact parameter
—> below plots of their invariant mass (m,,)

> L I T L} T l T T T I T T T I.] T T I T T i > 40 I T T T l T T T I T T T l.‘ T T I T T :
850  ATLAS Preliminary o2 4 & ATLAS Preliminary 27" ]
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100 kb, -
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« Low-mass regions dominated by Zbb (Z+u*p- sample ) and Z+jet (Z+e*e- sample)
» Data well reproduced by MC (within uncertainties)

« Samples of Z+p and Z+e then used to compare Data MC
efficiencies of isolation and impact parameter > | Z+p 2021%  20.3£0.4%
cuts between data and MC = Good agreement Z+e 29.910.6% 30.4+0.4%

- MC used to estimate background contamination in signal region




pr (U, u*, u*, u)=61.2, 33.1, 17.8, 11.6 GeV
@ATLAS m,,= 89.7 GeV, my,= 24.6 GeV, m,, =124.6 GeV

EXPERIMENT
http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST




pr (M,u*e,e*) =43.9,43.5, 11.2, 9.9 GeV
m,,, =893 GeV,m.,.=30GeV, m,=123.6 GeV

%ATLAS

EXPERIMENT
http://atlas.ch

Run: 186877
Event: 84622334
2011-08-05
15:03:21 CEST




