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Introduction and Motivation

Direct and indirect Higgs boson search

— ATLAS+CMS excluded the range of 141 <m, <476 GeV in 2011
summer (1.0-2.3fb™)

— LEP excluded up to 114.4 GeV

— The preferred value is 94*%° ,,GeV, m, < 152 GeV @ 95% CL from
EW global fit
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Higgs Production and Decay

associated prod. with it
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H 9\& ATLAS-CONF-2011-161

*" Di-photon trigger (trigger efficiency is 99% w.r.t. offline selection)

* Two isolated photons with E;(y1) > 40 GeV, E{(y2) > 25 GeV
* (Candidate diphoton events are subdivided into 9 orthogonal

categories (converted/unconverted, n range, py, )
=>» Extract better m,, resolution and S/B region

2 unconverted: >=1 converted:
D n(r2) n(r2) Resolution:
p‘;’2 Te Ay ; y 1 75 I Good )
T : P! -
>
p 0.75 n(y1) 07513175 n(y!)

* Robustm, reconstructlon against the pileu
-> important to measure photon direction

T T T
| ATLAS Preliminary
(Simulation)

— Fit
+u=<6
+6<u=<9

4+-9<us=s12

- gg—> H—>yy, m =120 GeV,

— Use conversion vertex and calorimetric 0.08]

information for converted photons 0.06/

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

“+u>12
— Use longitudinal information of EM calorimeter oo

for unconverted photons 0.02]

|

i Uncertalnty on m maSS peak (+O 7 GeV) 00 112 114 116 118 120 122 124 126 123 \1/50
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% H->vyy

Di-photon trigger (trigger efficiency is 99% w.r.t. offline selection)

* Two isolated photons with E;(y1) > 40 GeV, E{(y2) > 25 GeV
* (Candidate diphoton events are subdivided into 9 orthogonal

categories (converted/unconverted, n range, py, )
=» Extract better m,, resolution and S/B region

2 unconverted: >=1 converted:
0 n(r2) n(r2 Resolution:
P2 Tt : » 1.75 L Good )
T 5 pr 1.3
> 0.75 0.75 ooF

p 0.75 n(y1 07513175 n(y1)

* Robustm, reconstructlon against the pileup
-> important to measure photon direction

— Use conversion vertex and calorimetric
information for converted photons

— Use longitudinal information of EM calorimeter
for unconverted photons

p middle back
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* Uncertainty on m,, mass peak (0.7 GeV)
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H 9[\( Phys. Rev. Lett. 108 (2012)

m,, distribution summed over all  95% CL limit on SM Higgs cross
categories section divided by SM expectation
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95% CL excluded region : 113-115,134.5-136 GeV
Largest significance 2.80 is observed at 126.5 GeV :
(1.50 with Look-elsewhere-effect for 110-150 GeV)
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*
Hezz( )94| Phys.Lett. B710 (2012) 383-402

* Clean signature : Require 4 isolated leptons (4e,4u,2e2p)
— low background level : SM 7Z, Z+jets, ttbar

— Mass resolution
— Event Selection :

: ~¥1-2% level (low mass region)

|m,-m,|< 15 GeV, m,, selection is optimized

depending on m, to improve signal-to-background ratio (20 < m,,

<115 GeV for m,=130 GeV)

ATLAS Simulation
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*
Hezz( )94| Phys.Lett. B710 (2012) 383-402

95% CL excluded region
Observed : 134-156 GeV
Expected : 136-157 GeV
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Excess around 125 GeV due to
3 observed events

Probability that a background-only
experiment is more signal-like
than that observed
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Lowest local p,

1.6% (obs:2.10,exp:1.30) at 125 GeV
=» With look-elsewhere-effect, this
excess is not significant (~50%)
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H 9WW(*)9 lvly  anxivi206.0756

CERN-PH-EP-2012-126
* Most sensitive channel in 120 < m,< 200 GeV

— High signal yield but no full mass reconstruction possible due to 2v

* Signature : dilepton+E;™ssrel +(0,1,2) jets

— Event selection is optimized for each jet bin to maximize sensitivity
(different background composition)

S B e e e e — T
o —4— Data %~ SM (sys @ stat)
__ATLAS B ww [l Wz/zz/wy T
Cis=7TeV,[Ldt=4.7 10" ¢ [ Single Top 7

Events

¢ Background suppression 4000 HWW by I s _
Two high-p; isolated lepton W+jets, QCD signalx10 E
Large missing transverse energy Z+jets, QCD . E
jet-bin specific : high p, for Ojet Z+jets b= R T
b-jet veto for 1/2 jet, VBF cut for 2jet | ttbar, single top Nt
Topological selection (low Ad,, m;) SM WW O<_ 90
Background normalization is estimated in each control €l <65> Spin0 €H-=>

region (e.g. high m, for WW control region)

2012/6/8 Physics at LHC -2012 Vancouver



11

* Xiv:1206.0756
HéWW( )9IVIV :ERII\\Il-PH-EP-ZMZ-lZG

7] miss \2 1 miss n_ \/ 1152 2
=BT + B —(Pr + BP) B = () +m;
S T | L I I I I IR I IR > a IllIII”lIHIIIH%LIIWL;SIM(HIH)II:
— “% sys @ stal — Data & sys @ stat .
8 - ATLAS ;\?Vat; zm(zzy,va @ ] (CD) 35:—ATLAS W ww W wzzzwy 3
10— [ {s=7TeV J‘ Ldt=4.7fb" & [ Single Top T — C\s= 7TeV,I Ldt=4.7fb" Ol [ Single Top n
~ 100 __\S e ’ . B Zsets [] Wiets ] -~ 30— ) . B Zijets  [] Wijets -]
g [ HoWWOSiviv + 0 jets 3 H 1125 Gev] ] 2 F HOWW Siviv + 1 jet D Hizscey) ;
o go- - ¢ 25k =
(T C 1w C ]
60__ % I o _| 20:_ ° I ° _;
: Ojet analysis; 3 1jet analysis :
40 - i : -
- — 10__ -]
201 . 5E =
50 80 100 120 140 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240
my [GeV] my [GeV]
TE ATLAS 0 HoWW S ]
: —'—ObS. A : . . fre . . .
I [-476" 1 No significant excess in all jet bins
HEiio \s=7TeV -

[J+206

95% CL excluded region
Observed : 133-261 GeV
Expected : 127-233 GeV

95% CL Limit on o/cg,
o
T T TTTIT ||

R

—_

I

10 e e e

110 115 120 125 130 135 140 145 150
m, [GeV]

2012/6/8 Physics at LHC -2012 Vancouver




Events/20 GeV

300}

MVA in HOWW=Ivlv
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ATLAS-CONF-2012-06(

First result using MVA (BDT) in ATLAS Higgs search
— Preselection : Same object selection, E;™5, p;!' cut as m; fit analysis

— Train signal vs. combined background (WW,WZ,ZZ, ttbar, single top
and Z+jets) for 0,1jet separately in each mass point

— 4 topologlcal varlables (mT, Acb“, m”, p;') a
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_ATLAS-CONF-2012-014
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MZ H ( —=>bba r)_ ATLAS-CONF-2012-015

WH-=>Ivbb ZH=2>1lbb ZH->vvbb

one lepton (e,p) two leptons (ee, up) E,™iss > 120 GeV

E,miss > 25, GeV, 84 GeV <m; <99 GeV, | p;™>30 GeV, |Ad(E;™S, p;™ss)| < 1/2,
m; > 40 GeV E,Miss < 50 GeV | Ad(E,™ss jet) | >1.8

Two b-jets (45,25 GeV)
Categorize events depending on vector boson p; (p;,) or MET (Boost VH Events)

p<50,50<p;,<100,100<p,<200, p;,>200 GeV | 120<E ™<160,160<E,M$5<200, E;M>200 GeV

m,... distribution in ZH—>vvbb 95% CL Limit combined all channels
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?) 14 E'"iss_>);/:0 Ge Vit B Total BG E 10= . = 1o =
< - Riiaaes ==x= Top i - [ J+2c N
% 12 — Z+jets 5 B .
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0F—— A DT P s e et oL .|....|....|.a.t.1.2|5-Gev
0 50 100 150 200 250 110 115 120 125 130
my, [GeV]

m_ [GeV]
2012/6/8 Physics at LHC -2012 Vancouver



15

% Summary

Large low mass region is excluded in 2011 analysis
I H->vyy exclusion

LEP
Exclusion
114.4 GeV

110 115 125 130 150 180 My [GeV]
— ~20 level excess in local p, is observed around 125 GeV in H>vyy
and H>772->4l

(=2

- : : : : : : : .
=~ ATLAS Online Luminosity \s=8TeV =
T [ LHC Delivered

- [__] ATLAS Recorded

- -1
4AF- Total Delivered: 4.52 fb” 4.3 fb

E Total Recorded: 4.27 b
2012
— We have an answer, either discovery 2t 8TeV

or exclusion, in the remaining 1—

low mass region this year ST e e
2012/6/8 Physics at LHC -2012 Vancouver Day in 2012

e 8TeV run is going smoothly
— More statistics (15-20 fb!) in 2012
— ggF x-sec increase by 27% at 125 GeV

)]

Total Integrated Luminosity [fo )




'% Summary :

Large low mass region is excluded in 2011 analysis
I H->vyy exclusion

LEP
Exclusion
114.4 GeV | | , HSWW
110 115 135 130 3 180 MulGeV]
— ~20 level excess i around 125 GeV in H2yy
and H>ZZ2->/
() 8TeV ru :_ ATLAS Online Luminolsity Vs =8 TeV -

T [ LHC Delivered
=[] ATLAS Recorded

2 -1
[ Total Delivered: 4.52 fb 4. 3 fb

T Total Recorded: 4.27 fb™

0i @ot
— More sta %&& -20fb1) in 2012

— ggF x-sec iricrease by 27% at 125 GeV

Total Integrated Luminosity [fo )

- 2012
— We have an answer, either discovery 2F 8TeV
or exclusion, in the remaining (3 E
low mass region this year B! s o7os
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2012/6/8

Back up

Physics at LHC -2012 Vancouver

17
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ATLAS Data Taking in 2011

||||||||II||||l|ll||||'|l||l|5v2fb-1 R R R LN RN R R B S RN AR
75 ATLAS Online Luminosity  \s=7 Tev E 10~ ATLAS Online 2011, Vs=7 TeV | Ldt=5.2fb ™" =
recorded ok N D
6 [ LHC Delivered ] 2 — B*=1.0m,<p>=11.6
2_— —_— *= = —_

[ ] ATLAS Recorded 10%E p*=15m <pu>= 63

Recortled Luminosity [pb ]

10 -

9 Total Delivered: 5.61 fb” 3
Total Recorded: 5.25 fb™' 1 E

4 3 101 -
3 B 1072 _
Summer 2011 (~2fb! X 107 §

caa v by b bon o bon by n o I v by s b n by n biwy

0 2 4 6 8 10 12 14 16 18 20 22 24

Mean Number of Interactions per Crossing

0
28/02 30/04 30/06 30/08 3110
Day in 2011

Excellent LHC performance in 2011

(far beyond expectation)

Peak luminosity : 3.7x1033 cm™s™ . Very challenging for trigger,

High luminosity = high pile-up reconstruction of physics
object, analysis strategies

2012/6/8 Physics at LHC -2012 Vancouver



19

ATLAS Detector

Detector characteristics
Muon Spectrometer: |n|<2.7 5 Width:  44m
Air-core toroids with gas based muon chambers Diameter: 22m

o(p;)/p; = 2% @ 50GeV to 10% @ 1TeV (ID+MS) Weight: 7000t

CERN AC - ATLAS V1997
il |'

\
i \
AR
.‘. \ ."

EM Calorimeter: |n|<3.2
Pb-LAr Accordion
o(E)/E = 10% VE @ 0.7%

Inner Detector: |n|<2.5, B=2T
Si pixels/strips and Trans. Rad. Det.

o(p;)/p; = 0.05% p; ® 1%

Hadronic Calorimeter: |n|<4.9
Fe/scintillating Tiles (central), Cu/W LAr (fwd)
O(Ejer)/Ejet = 50% VE @ 3%

Excellent performance of ATLAS

Data-taking efficiency : 93.5%
High operational fraction of all sub-detectors : >95%
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H-2vy
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Category ocg FWHM Ng Np S/B 10l — Best it Data 2011, \s =7 TeV ILdt =4.9fb _]
Unconverted central, low ppy 1.4 3.4 9.1 1763 0.05 - T 1o 1
Unconverted central, high pry 1.4 33 26 235 0.11 5L ]
Unconverted rest, low pr¢ 1.7 4.0 17.7 6234 0.02 B i
Unconverted rest, high pr¢ 1.6 39 4.7 1006 0.04 AN '
Converted central, low p¢ 1.6 3.9 6.0 1318 0.03 0— : :——
Converted central, high pr¢ 1.5 3.6 1.7 184 0.08 B \:
Converted rest, low pry 2.0 47 17.0 7311 0.01 '5__ =
Converted rest, high pry 1.9 4.5 4.8 1072 0.03 | —— Unconv. Central low p,, —— Conv. Central low p,, i
. | —— Unconv. Central high [ — 8onv. gen:r[al high STI H— .
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my [GeV]
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 MET modelmg in high pile up condition

> LI L L L L L L L L
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