Observation and study of the Higgs boson candidate
in the diphoton decay channel with the ATLAS
detector




New particle discovery @ ATLAS and CMS
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New boson discovered in v+, ZZ and

WW decays

5.9 o significance (at that time)

Now: study of properties

See Karl Jakobs’ talk yesterday
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Higgs boson production at the LHC

Gluon fusion 19.5 pb
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SM Higgs boson decays

5 LT b WW 75"%
5 {: Higgs boson couples to mass
£ o Decay branching fractions @
g T mpg =125GeV
z : H—-bb  57.7%
102 E H—->WW 21.5%
] H — rr 6.3%
7 H — ZZ7 2.6%
107700 120 140 160 190, el H — ~v 0.23% )

H — ~~: Comparably simple final state: 2 energetic isolated photons
Large event yield despite low branching fractions expect 475 signal events in

current dataset
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Luminosity and running conditions
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ATLAS Online Luminosity

e 2010 pp Vs = 7 TeV

2011 pp s =7 TeV

— 2012 pp \'s = 8 TeV
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@ Outstanding LHC performance: LHC
delivered ~ 6 fb~' @ 7 TeV and
~23fb' @ 8 TeV
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Photon reconstruction and identification

@ Photon reconstruction from clusters in LAr
calorimeter and conversion vertices in
Inner Detector

@ Need powerful jet-rejection to suppress
dominant background (O (10%))

R~ 0O(8000)

Shower-shaped based
photon identification

@ 7 TeV: Neural network
@ 8 TeV: Rectangular cuts
85% to > 95% efficient
(for isolated photons)

Combined with calorimeter
and track isolation
requirements
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Fraction of photon candidates
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Photon identification and sample composition

Photon identification efficiency (for isolated
photons) measured with Z — ¢+t£—~,
Z — ete, id and isolation sideband method

2.4% uncertainty on expected signal yield
(factor 2 improvement over Dec 2012!)
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Cut-based id
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After photon identification and isolation
75% ~-~ events
22% + jet events
3% jet jet events
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Energy calibration and invariant mass resolution

2 > 20080 ‘ 3
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@ MC-based calibration improved with B 120 ";f‘f“”'”‘ ':*V el
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@ Energy scale at mz known to H e e e e o0 TR D
between 0.3% to 0.45% + 1002 ]

@ Energy response of the calorimeter is 21.0015; R e T
stable over time and varying pileup ~ § "'
conditions at the level of 0.1% £ 11000%% . RYSA ]

. 2 L& ! L e

@ Understanding of photon energy scale © 09995 b ' e :
requires understanding of inner 09995 i

i E. Data 2012,\/5=8 TeV, | Ldt = 13.0.fb"" E

detector material budget 0:::; arias. | pefnsty :

10 12 14 16 18 20 22 24 26 28
Average interactions per bunch crossing

Cross checked with photon conversions, hadronic
interactions, e¥ shower shapes and E/p, ...

Kerstin Tackmann (DESY) 8/21



Energy calibration and invariant mass resolution

3 ATLAS Prelimina ‘ B
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Photon pointing and primary vertex selection

m2_ = 2E1E3(1 — cos @)

Improve photon angle measurement using
neural network (8 TeV) based on
@ Photon pointing
* Photon direction measured from
calorimeter using longitudinal
segmentation
* Position of conversion vertex for
converted photons (with Si hits)

@ > p2, > pr (over tracks) and angular
balance in ¢ between tracks and
diphoton system

— Contribution of angle measurement to
mass resolution negligible already
without primary vertex information

— Good primary vertex selection needed
for selection of signal jets

Kerstin Tackmann (DESY)
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Photon pointing and primary vertex selection

m2_ = 2E1E3(1 — cos @)

Improve photon angle measurement using
neural network (8 TeV) based on

@ Photon pointing

* Photon direction measured from
calorimeter using longitudinal
segmentation

« Position of conversion vertex for
converted photons (with Si hits)

@ > p2, > pr (over tracks) and angular
balance in ¢ between tracks and
diphoton system

— Contribution of angle measurement to

mass resolution negligible already
without primary vertex information

— Good primary vertex selection needed
for selection of signal jets
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Photon pointing and primary vertex selection

m2_ = 2E1E3(1 — cos @)

Improve photon angle measurement using
neural network (8 TeV) based on
@ Photon pointing
* Photon direction measured from
calorimeter using longitudinal
segmentation
* Position of conversion vertex for
converted photons (with Si hits)

@ > p2, > pr (over tracks) and angular
balance in ¢ between tracks and
diphoton system

— Contribution of angle measurement to
mass resolution negligible already
without primary vertex information

— Good primary vertex selection needed
for selection of signal jets
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Categorization overview

di-photon selection

VH enriched —

VBF enriched —

One-lepton

W(— W)H, Z(= I)H

]

ET"* significance

W(= WH, Z(= w)H

l

Low-mass two-jet
W(= ji)H, Z(— j)H

]

High-mass two-jet

a

Diphoton selection

Identified and isolated photons
plt > 40 GeV, p)? > 30 GeV

@ Dedicated categories for
separation of production
processes

@ Remaining events split into
categories of varying signal
resolution and S/B

2 unconverted: >=1 converted:

VBF
-Ioose
l n(r2) n@2)
9 pﬂ»n—conversion
F enriched —
: e
0.75 075
New categories for /s = 8 TeV ) el 0TS 151
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VBF-enriched categories

MVA-based selection for events with 2 jets (new) ! ] ] !
@ 11,2, Anjj, D1t AByriis Vs >H
@ N = nyy — 1/2(nj1 + nj2), ARZajin q > > q

Z 02 ATLAS preimnay | mm verm-seew 1 BDT trained to separate VBF from
S 0 Frewueret  EEETOIESY T resonant background
% 0_1; o @ Also gives good separation from
g gluon fusion signal
g o VBF purity Nug  cut
ook tight 76% 8.1 > 0.74
Sy R 0.2 04 06 08 1 loose 54% 5.3 > 0.44

BDT Response
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2-Jets candidate

Kerstin Tackmann (DESY)

ATLAS

A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC

12/21



VH-enriched categories

Inclusive leptons (W — fv, Z — ££)

p% > 15 GeV or pi. > 10 GeV, isolated in tracker
and calorimeter )
Missing energy (W — fv, Z — vv) (new)
miss m
E'ss significance W >5
Dijet (W — 33, Z — 33)
[ “goF mVBF =WH mZH mtH
s |_ATLAS Preliminary (simulation) H—- vy . 60 GeV < m]] < 110 GeV,
Unconv. central low p_ [T T
o i B s |A7;;] < 3.5
Unconv. resthighp | 7 [
Conv. central low p.. [T -
A — X
Co.estighbp., [ - VH purity  Ngig
Loose high mass ot [ ——
Tthighmass m’ffé‘ - ._ |epto n 82 % 2.9
7% signifcance | — .
& Ogne'—\epton jl I E?lss 83% 1.3
0~ 765650 4050 ,6‘0 70 8‘0”9‘0 100 .
signal composition (%) d |Jet 47% 3.3
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Mass spectrum and background parametrization

7 TeV + 8 TeV data (inclusive)
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Background+signal fit, signal fixed at

126.8 GeV

Kerstin Tackmann (DESY)

3

23788 events (7 TeV)
118893 events (8 TeV)

Background modelled by 4th
order Bernstein polynomial,
exponential of 2nd order
polynomial, or exponential

Studied on high-statistics MC
and chosen to give good
statistical power while keeping
potential biases acceptable

Potential bias accounted for as systematic

uncertainty
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A few category mass spectra

Unconverted central, high pr Converted rest, low pr;
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Main systematic uncertainties

7 TeV 8 TeV
Photon id efficiency 8.4% 2.4%
Luminosity 1.8% 3.6%
Theory up to 25% up to 48%

(99 — H + 2 jets)

Jet E-scale (2-jets) 4-20%
Underl. evt. (2-jets) 6-30% 2-13%
Higgs pr up to 12.5%
Dijet modeling up to 12%
Bkgd Param (evts) 0.2-4.6 0.1-11.4
m. resolution 14% 14-23%
mass scale 0.6% 0.55%
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Mass and signal strength
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@ Observed local significance of the excess 7.4 o (4.1 o expected)
@ Measured mass 126.8 &+ 0.2(stat) £ 0.7(syst) GeV

@ Measured signal strength . = 1.65 + 0.24(stat)
* 2.3 o away from SM Higgs + background hypothesis

@ Measured fiducial cross section (inclusive analysis)
ond X BR = 56.2 4 10.5(stat) 4 6.5(syst) &+ 2.0(lumi) fb
(p} > 40,30 GeV, [n”| < 2.37)

Kerstin Tackmann (DESY)

+0.25
—0.18
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Separating production processes
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Signal strength

Searching for VBF signature

ianal h .
~ 2 o hint of VBF production Signal strength per production process

Bggr+ter X B/Bsm = 1.6 £ 0.3(stat) T2 (syst)

& e 0.5
g Jawmmioams  MvBF X B/Bsm = 1.7 £ 0.8(stat) 70} (syst)
* E pve X B/Bsm = 1.8115 (stat) 03 (syst)
v
OLATLAS Proliminary E
A 108 ey Hom Uncertainties on VBF and VH signal strengths improved by
“1 -0‘5 6 05 ‘1 15 2 2.‘5 é 35 4
Hogr BB 30 and 45% )
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Polar angle 6* in resonance rest frame sensitive to Y4
spin of resonance

spin 07 dN/d|cosf*| ~ const

Events / 0.05

spin 2+ dN/d|cosf*| ~ 1 + 6cos?0* + cos*0*
(for spin 2 produced by gg fusion in minimal coupling model)

— strongly distorted by kinematic selection

600 —
500 —
400
300
200 —

100

F 0 (SM fit

® Data
Il Signal
Background

:_IL dt= 13fb’ Vs =8 TeV
FATLAS Preliminary |

0
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01 02 03 04 05 06 07 08 09 1

|cos6*|

Background |cos6*| shape
interpolated from m.,, sidebands into
signal region (123.8 t0 128.6 GeV)

@ Expect 199132 signal events (3%
expected purity)

Analysis performed on 13 fb~* of
v/s = 8 TeV data
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Spin studies
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Compatibility of data with spin-01 signal plus background hypothesis and
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observed
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ATLAS Preliminary

Ys=8TeV

In(L(O)/L(2

spin-2* signal plus background hypothesis estimated via likelihood ratio
g = —InL(spin0, ) /InL(spin2, B)

Expected spin 0 and spin 2 separation ~ 1.8 o
Observed p-values po+ = 8.6% and py+ = 29%

J-Ldt=13fb"7

J
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Spin 0 favored over tested spin 2 model
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Summary

@ New boson confirmed in v+ decay with 7.4 o

@ Measured mass
126.8 £ 0.2(stat) &+ 0.7(syst) GeV

@ Measured signal strength
p = 1.65 & 0.24(stat) 75 2% (syst)
* 2.3 o away from SM Higgs + background
hypothesis

@ Measured fiducial cross section ogq X BR =
56.2 4+ 10.5(stat) + 6.5(syst) £ 2.0(Jumi) fb

* Model independent

@ Spin 0 somewhat favored over spin 2 (gg with
minimal couplings)

See also talk by Jana Schaarschmidt in T49

)
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ATLAS Inner Detector (ID) and EM Calorimeter

Cells in Layer
R=1082 mm A@an =0.02450.05

r

- “n=oopy "™ Strip cells in Layer |
|n| < 2.5, barrel-endcaps geometry !

e 3 layers Si Pixel |n| < 3.2, barrel-endcaps geometry

@ 4 double Iayers Si Strips (SCT) @ Pb-LAr Sampling calorimeter
@ ~ 35 hits in Transition Radiation ~ @ 3 longitudinal layers with

Tracker (TRT) accordion geometry
* et identification capabilities @ Presampler provides preshower
through transition radiation sampling inside the cryostat

Kerstin Tackmann (DESY)
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