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SM Higgs Production (@ LHC %
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Cross-section & the uncertainties from
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arXiv:1101.0593 & arXiv:1201.3084
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nggs Boson Decays
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*my>135 GeV:
*H — 77 and H — WW are dominant decay modes
*my<135 GeV:
 H - bb and H — 17 are the dominant modes
* H — yy has small branching ratio but with clean signature
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Tile calorimeters

= LAr hadronic end-cap and
forward calorimeters
Pixel detector .

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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LHC performance & ATLAS data- takmg
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ATLAS Search Strategies for SM Higgs a

Searches in the followmg channels have been pursued with 2011 data

igss mass range (G) | | e 1)

| Low m,, good mass resolution

H-yy 110-150 4.9 arXiv:1202:1414
H-ZZ® > 41 110-600 4.8 arXiv:1202:1415

Low m,, limited mass resolution

H->ww® 5 lulv 110-600 4.7 CONF-2012-012
H — zz(11,1h, hh) 100-150 4.7 CONF-2012-014
VH H - bb 110-130 4.7 CONF-2012-015

| High m
H - 7ZZ - llvv 200-600 4.7 CONF-2012-016
H - ZZ7 - llqq 200-600 4.7 CONF-2012-017
H - WW - lvqq 300-600 4.7 CONF-2012-018

Exclusion limits on u=o/o.,, @ 95% confidence level using CL. method
[J Phys G28(2002) 2693-2704]
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H - ZZ - llvv %
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H—- 77 - llgq
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H-WW - lvqq
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H - ZZ(*) — 4[: The Golden channel

* Very clean signal with excellent mass resolution (1.5-2% for m =130 GeV) from 4
well reconstructed leptons (e,)

* For m,;>350 GeV, natural width dominates

SM ZZ®) production is the irreducible background

Lepton identification well modeled in MC; not affected by the event pileup

Different selection criteria are applied for m,>180 GeV and m <180 GeV

. Two 2e2u candidates with m,=123.6, 124.3 GeV
arXiv:1202.1415 M 4=123.5,124.3
/ One 4u candidate with m,=124.6 GeV
% 107 . DA_I_A T | T T T T | T T T T A
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H - ZZ(*) — 41l: The Golden channel

e 77" and tt are estimated from MC

* Z+jets kinematics from MC while
normalized to data control region

* Limits are based on m,, distribution
* Event Yields:

uSr=>

4p 2e2p 4e

Expected | 18.612.8 |29.7+4.5 | 13.412.0

arXiv:1202.1415

Observed 24 30 17
3102'"\""|""\""\""|""|"": §102:'|""|""|""|""|""\""|""\"":
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= JLat=48f" M1 = [Lat=48f" MEEt1c | observed with local
3L STV HE2e S oo STV Lx2e | significance values of
5 0 5 2.10, 2.20 and 2.10 for

m,, of 125, 244 and 500
GeV respectively

110 120 130 140 150 160 170 180 200 250 300 350 400 450 500 550 600
m,, [GeV] my [GeV]

DIS 2012, University of Bonn, March 26-30, 2012 Prolay Kumar Mal 12



H - vyy

* Br(H = yy)is very small (0.2%) but with distinct signatures

* Good yy mass resolution is crucial for identifying signal peak over
the continuous background distribution (yy, y+jet and dijet).

* Search consists of 9 orthogonal categories having different m
resolutions [photon n @conversion status @p,YY(Thrust)]

* Signal extraction by fitting m,, simultaneously.

YY

* Background modeling: arxiv:1202.1414

 Exponential function with free G O

slope and normalization o OB A on) E

. . 2 0.07F =1. =

* Signal m,, modeling: = F oy Pon =TGRV
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 Sum of Crystal Ball (core) and Z oost E

Gaussian (tail) functions. 2 oul E

0.03F- E

Tt : et .

Df 5 i - g

___________________________________________ T thrustaxis  °UF ]
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arxiv:1202.1414
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* An excess of events observed around 126.5 GeV
* Local significance: 2.80

* Global significance: 1.50 (Look-Elsewhere-Effect for m, range of 110-150 GeV)
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H->WW® 5 lulv

* Most sensitive channel over a broad range of Higgs mass (120-180 GeV)

* Limits derived using my = \/((E}l) + (E’T"iss))z — (|p% + "”SSD owing
to the presence of two neutrinos

* 9 sub-channels (ee, ey, LW (0, 1, 2 jets[VBF])

* Background processes: Drell-Yan/Z+jets, WW, tt, QCD, W+jets

ATLAS-CONF-2012-012
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(W /Z)H- (Iv/ll,vv) bb

* Requirement of exactly 2 b-tagged jets

p= CT T T T T T T T T T T T ]
. . . . o[ ,_'?_ 14~ reliminai -]
* W/Z and Higgs boson recoil away with significant p; B | 22" opeened jots) 17TV, [ Letsoa7 1"
.l . . W .7z miss S 12r ... Expected (CLs)  VH(bb), combined =
* Event classification depending on pr, p7 and Er E [ mE:w :
for WH — lvbb,ZH — llbb and ZH — vvbb 5 105— CJ+2o E
respectively. S ef =
* Major background processes: W/Z+b-jets, QCD, top 6 B
* Systematics on background processes are crucial 4 B
* 20%,26%and 27% for WH - lvbb ,ZH - llbb and 2 B
ZH — vubb respectivelv. O g e
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H-1tt- (ll4U, lThadBUi ThadThadZU)
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SM Higgs Combination %
ATLAS-CONF-2012-019

107 ——— R E— N— ——— ]4 E _ITI|TTII[IITIII.TT.IIIIITwlllllTTII]IITTIITIIWTII_
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L - . &}
o) N — 2 | ——Qbs. )
s | ___Efps_' JLdt=4.6-4.9 fo' ) 5 108 Exp. JLdt=4.6-4.9 fo! 3
E L Wilo Vs =7TeV E T %?G Is=7TeV ,
= +2¢6 - — - t26 B
0 = I
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) - 1 e L
o B ] @ 1t E

107 E I |

E CLs Limits . LGS Himits L
Héd — é(l)o' s '360* - ‘4(‘)(5 — '5(')0' - ééd 10 110 115 120 125 130 135 140 145 150
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Expected Exclusion @ 95% CL: 120-555 GeV
Observed exclusion @95% CL: 110-117.5, 118.5-122.5, 129-539 GeV
Observed exclusion @ 99% CL: 130-486 GeV
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Diagnostics of Observed Excess

* Observed local significance for m,=126 GeV: 2.50
* Expected local significance assuming SM Higgs mass of 126 GeV: 2.80
* Best-fit for signal strength at m,=126 GeV: i = 0.975%

* Look-Elswhere-Effect: Global probability for such observation is 30% for

110<m_ <600 GeV

Background fluctuation Probability

o

1

Local p

10"
107
10°
10
10°

10®

107+

- ATLAS Preliminary 2011 Data -
N :
;g ------------------------------------------------------------------ ?;
S T E
3 { —Obs J Ldt=46-49f" =
- i ----Exp. .
E \s=7TeV E!
T S R R R
100 200 300 400 500 600
m, [GeV]

DIS 2012, University of Bonn, March 26-30, 2012

a

N
Q

[0)
Q

n
Q

56

Best fit of p=o/o),

£ L L SIS UL S LI I I I I
“@2.5:— ATLAS Preliminary 2011 Data —
(0] = — 1 _ -
£ of —Bestii det=4.6-4.9 o' 3
= . .F O-2InAu) <1 =
c 1.5 \s=7TeV =
o) = -
w4 =
0.5 =
oF- E
-0.5F =
-1'5; ! \ ! \ \ | \ | L _i

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

Prolay Kumar Mal

19



Diagnostics of Observed Excess

%" 1 - ATLAS Prelminary 2011 Data -
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10-7_-\.I.\..I....I.‘..\\..\\..‘.I....I...\'.\I\\..I\.._
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 Contribution from high resolution channels:
« H—>yy&H — ZZ®) - 4l combined local significance at m =126 GeV : 3.50

* Not observed in any other channels: H — Ww® - lwlv, H- tt, H—- bb
* Considering all channels the local significance for m,=126 GeV: 2.50
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Summary & Conclusions

* Excellent LHC & ATLAS performance during 2011 operation

* ATLAS has performed extensive searches for the SM Higgs
boson using the full dataset from 2011 LHC operation.
* Combined ATLAS results exclude wide range of SM Higgs boson masses
* 110-117.5, 118.5-122.5, 129-539 GeV @ 95% CL
* 130-486 GeV (@ 99% CL

* The observed excess in the low-m range has the maximum local
significance of 2.5 ¢

* The excess of events near 126 GeV is compatible with the SM Higgs
* Statistical significance is not yet large enough to claim either evidence or discovery.

* 2012 LHC operation with pp collisions at 8 TeV is about to start and
larger dataset is expected -- stay tuned.
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Extras
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H->WW® 5 lulv
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(W /Z)H- (Iv/ll,vv) bb ;

e
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SM Higgs Combination
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SM Higgs Combination
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Diagnostics of Observed Excess

* Observed local significance for m,=126 GeV: 2.50

* Expected local significance assuming SM Higgs mass of 126 GeV: 2.80

* Best-fit for signal strength at m,=126 GeV: i = 0.975%

* Look-Elswhere-Effect: Global probability for such observation is 30% for

110<m_ <600 GeV

Background fluctuation Probability

o 13 ATLAS Preliminary 2011 Data |
S T S 4
102 ~\/ -
OB =
10 E
L Y A 7
107E det=4.6-4.9 b
10°  {s=7Tev E
107 Dol e ]
110 115 120 125 130 135 140 145 150
m, [GeV]

DIS 2012, University of Bonn, March 26-30, 2012

a

N
Q

W
Q

N
Q

56

Best fit of p=o/o),
< FrT T " T T o
*@2.5:— ATLAS Preliminary 2011 Data
£ oF EBeSt;jt det=4.6-4.9 o' 3
2 = 2 InAu) < 1 =
g 1.5 \s=7TeV =
D2 C -
0 4 -
0.5 =
OF E
0.5 =
1'5; 1 | \ \ | 1 _E
100 200 300 400 500 600

m, [GeV]

Prolay Kumar Mal 27



