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Abstract
This note presents preliminary measurements of the Higgs boson properties measured in the > F i d uc | d I an d Diffe re nt i d I C rOSS-SECt | ons

H — yy decay channel using 13.3 fb~! of proton-proton collision data taken at /s = 13 TeV

by the ATLAS experiment at the LHC. Fiducial and differential cross section measurements

are presented in a variety of phase space regions and as a function of several kinematic vari-

ables. The fiducial cross section is measured to be ogq = 43.2 + 14.9 (stat.) + 4.9 (syst.) fb H H T 1

for a Higgs boson of mass 125.09 GeV decaying to two isolated photons that have transverse > SI m p I Ifl € d Te m p I ates & Eve nt Catego ries
momentum greater than 35% and 25% of the diphoton invariant mass and each with abso-

lute pseudorapidity || < 2.37, excluding the region 1.37 < |p| < 1.52. The Standard Model

prediction for the same fiducial region is 62.8 ji-j fb. Finally, production cross section mea-

surements for a Higgs boson rapidity |yg| < 2.5 and in the full phase space are presented for > Tota I P rOd u Ctlo N C ross Sectio N & Sign d I St re ngt h

gluon fusion, vector boson fusion, and Higgs boson production in association with a vec-
tor boson or a top-antitop pair. In addition, the signal strength, defined as the ratio of the
observed signal yield to the expected signal yield, is measured for the same production pro-
cesses as well as globally. No significant deviation from the Standard Model expectations is

observed. » Systematics Uncertainties and Their Impacts

https://cds.cern.ch/record/2206210/files/ATLAS-CONF-2016-067.pdf

» Summary
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Introduction: Higgs boson production & decay at the LHC
Production Vs =13 TeV):
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Decay (my =125 GeV):
H->bb  58%
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Objectives pp—~> H = yy

» After discovery, want to measure the properties of the
Higgs boson and test the consistency of the SM with the
new 13 TeV data

» Extract information about the Higgs boson’s couplings to
other particles

» A fiducial region, or a bin of a differential distribution, is a
specific area of phase space to probe the Higgs properties

» Investigate production processes with simplified template
Cross sections

» Through unfolding, the measurements are corrected for
experimental effects such as detector acceptance and
resolution. Thus, designed to be as model-independent as
possible to:

o Allow direct comparison with theory predictions

o Probe physics beyond the SM



The ATLAS Detector

Muon Detectors

Tile Calorimeter Liquid Argon Calorimeter

Electromagnetic and Hadronic
Calorimeters

Charged particle tracking system

Muon spectrometer

N
Toroid Magnets | | Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker




Dataset

ATLAS CONF 2016-067
Vs =13 TeV

2015: 3.2 fb!
2016 10.1 fb!

Total: 13.3 fb!

Delivered Luminosity [fb™]
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Event Selection (i.e. baseline for photon candidates)

Reconstruction-level: In total 124137 diphoton events selected

|dentify at least 2 “loose” photon candidates
E-(v,) > 25 GeV & E{(y,) > 25 GeV

In| < 2.37 (excluding crack-region 1.37 < |n| < 1.52)
primary vertex with at least 2 tracks
neural-network to identify diphoton primary vertex (redefine direction)

Use “tight” photon ID for both photon candidates
prlv;)/m,, > 0.35 & pr(y,)/m,, > 0.25

Isolation requirements on both reconstructed photon candidates
m,, € [105, 160) GeV




Problem: Higgs production at the LHC is rare!

The vast majority of collision produced at the LHC do
not contain any Higgs bosons

g g
}mﬁi . g
g g
A Higgs boson is only produced in

9 one collision out of 200 million

Examples of processes
much, much more common
than Higgs boson production




H—->yy signature

o Higgs signal and SM background
processes look identical, but
background produces no peak!

o Background must be well
modelled in order to minimize
potential measurement biases

main backgrounds

o y 4 Myy
W , myy =V 2E1E2[1-cos(a)]




Sighal & Background Modeling
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Data-driven background decomposition:
Extracted yvy,y-jet and dijet components as a function of m.,

Fraction of vy,y-jet and dijet eventsis 78.9 + 0.2 *}] %,18.6 + 0.2 *{5 % and
2.5+ 0.1 702 %, respectively, integrated over the 105-160 GeV mass range




Event Yields per bin or region

Events / GeV
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Fit Yield / Bin width

Fit Yield / Bin width

ducial & Differential Cross-Sections
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Fit Yield / Bin width

ducial & Differential Cross-Sections
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Diphoton invariant mass spectrum

Baseline VBF-enhanced
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Cross Sections in Fiducial Phase Space Regions

diphoton baseline VBF enhanced single lepton
Photons In| < 1.37 or 1.52 < |n| < 2.37
pr > 0.35m.., and pr > 0.25m..
Jets - pr > 30GeV | |y| < 4.4 -
- m;,; > 400 GeV, |ijj| > 2.8 -
- Ayl > 2.6 :
Leptons - - pt > 15GeV
In| < 2.47

Fiducial region

Measured cross section (fb)

SM prediction (fb)

Baseline
VBF-enhanced

single lepton

43.2 + 14.9 (stat.) £+ 4.9 (syst.)
4.0 £ 1.4 (stat.) £ 0.7 (syst.)
1.5 + 0.8 (stat.) £ 0.2 (syst.)

62.8 77 [IN3LO + XH]
2.04+£0.13 [NNLOPS + XH]
0.56 £ 0.03 [NNLOPS + XH]




Higgs boson kinematics pp—> H = yy:
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Jet act|V|ty (Jet multlpI|C|ty) pp—~> H-> yy + N.

jet
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Angular Distributions
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Systematics Uncertainties and Their Impacts

Photon energy resolution and

Source

Uncertainty on fiducial cross section (%)
Baseline | VBF-enhanced | single-lepton

background modeling are Fit (stat.) 345 35.0 52.9
typically the rnam gg (tsyst.f)ﬁ | i.g 141;11 ?1?1 Dominated by
uncerta|nt|es oton einciency . . . . L.
Jet energy scale/resolution - 9.4 - statistical error 11!
Jet energy calibration Lepton selection - - 0.8
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uncertamFles |m_p(_)rta nt when Theoretical modelling 4.3 9.4 8.4
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Simplified Template Cross Sections

Events are split into 13 orthogonal categories that exploit topological differences
between production mechanisms

BogH |PVBF WH [JzH [ttH [bbH tHjb tWH
Full kinematic phase space ATLAS Simulation Preliminary H—yy Vs=13 TeV Yields
ttH leptonic 19
b-jets ttH hadronic 72
VH dileptons 3
leptons VH leptonic 8
/ VH MET 20
Missing-ET VH hadronic tight 66
VH hadronic loose 937
MVAs using jets VBF tight 76
and photons VBF loose 604
ggH fwd high-pn 3977
diphoton ggH ftwd low-p_ 85129
kinematics ggH central high-p_ 1319
ggH central low-p_ 31907
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 —

Fraction of each signal process per category



Procedure to get Signal Yields per category

Production cross section extracted by a combined fit to m  specta

N = Zo'i'B(H — YY) - €ik 'Aik°det

Signal yield in / i

specified category

Acceptance predicted by SM for

Production cross section times given process in specified category
branching ratio for given process

Dominant uncertainty again from photon energy scale/resolution in fit

Large uncertainty from theoretical modelling of acceptances, especially for gluon fusion
in VBF-enriched categories



Production mode Cross Section

Total Higgs production cross section Higgs production cross section (|yy|<2.5)
3
T g X BH — yy) = 65 132 b T gt X BH — yy) = 63 30 fb
6.3
oveg X B(H — yy) = 19.2 tgﬁ fb over X B(H — yy) = 17.8 i5.7 fb
' 2.52
ovau X B(H — yy) =1.2 tg:i fb ovHiep X B(H — yy) = 0.96 Z{ 55 b

OVHhad X B(H — yy) = -2.3 tgg fb

i X B(H — yy) = -0.28 114 fb s
oin X B(H — yy) = -0.28 715 fb

Observed significance of H->yy signal is 4.70 (SM expectation of 5.40)




Systematic uncertainty signal strength measurements

AI’I/Aﬁtot
ATLAS -0.2 -0.1 0 0.1 0.2
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g .
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bkg ggH fwd high-p_ %

EM energy scale

i s = 13 TeV, 133fb‘—°— F’U”

Prefit Impact onu
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Signhal Strength
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Summary

Since the 2012 discovery of the Higgs boson, focus has shifted to measuring its properties
and testing the consistency of the Standard Model with data

First fiducial, differential and production cross section measurements of Higgs boson
production in H—yy at 13 TeV with data collected in 2015 and early summer 2016

Two different but complementary approaches:

1. Fiducial and differential cross sections are the most model independent characterization of
the events (from detector to particle-level fiducial phase space)

2. Production cross section and signal strengths probe the Higgs couplings directly

Conclusion pp — H-yy :

» Analysis goal is to minimize the dependence on theoretical modelling

» Results statistically limited at the moment

» Comparison to theory predictions

» Slightly “harder” observed in the Higgs transverse momentum spectrum
» Mild deficit observed in jet multiplicity spectrum at Njo; = 0

» All results consistent with the SM within statistical errors
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Photon ID Efficiency
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Event Selection (hadronic jets, b-jets, leptons & E;™'s)

Hadronic Jets (anti-kT, R=0.4):
o pr>25GeVfor|n|<2.4
pr>30 GeV for 2.4<|n[< 4.4

®
o Jet vertex tagging algorithm used to reject pile-up

o Jet discarded if within A = 0.4 (0.2) of isolated photon (electron)
®

b-jet tagger to identify heavy-flavour objects
Muons: p;>10 GeV and |n|< 2.7

Electrons: p; > 10 GeV and |n|< 2.47 (excluding 1.37<|n|<1.52)

E, ™5t missing transverse momentum E;™ss reconstructed from photons,
jets, leptons and tracks




Kinematics leading jets (left) & H + 2jet events (right)
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Slight undershoot of the data versus theoretical prediction at low p{* (but good agreement)




Invariant mass distribution for the event categories
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Unfolding to particle-level

fiducial corrections
Parton-level Fiducial
NP corrections

Particle-level Fiducial

unfolding

Reconstruction-level Fiducial




Simplified Template Cross Sections

Merged H+top 5
(EWqqH) (H + leptonic V)

) ) |

5 (Runi-like)
Merged VH leptonic

_

3

Merged ggH+bbH -

Stage-0 split into five categories for |y, < 2.5|

ggF + bbH

VBF

H + V hadronic decay

H + V leptonic decay

ttH + tH

inematic bins are merged where there is limited sensitivity
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Simplified Template Cross Sections

Next evolution: will refined analysis binning (i.e. ‘stage-1’ ) to help with future comparisons
Refer to Yellow Report 4 (in progress)

Schematic overview of the simplified template cross section framework

His Kq

Stage-1 binning proposal gluon fusion production
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