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.. Introduction
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Focus so far on discovery and signal strength
More recently moving towards measuring
properties including cross section and
comparisons to NLO/NNLO predictions
Measuring cross section within fiducial region
of detector coverage reduces model dependence & theoretical uncertainties
Differential cross sections measured in H→γγ :

Allow detailed checks of Higgs kinematics
Test QCD predictions (including of ggH cross section)
Compare distributions against predictions of SM and other theories

Plots from arXiv:1307.1427, Phys.Lett.B 726 (2013) 88
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.. Introduction: fiducial differential cross sections
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Some possible variables to measure for differential cross sections:

pHT : probes perturbative QCD calculations

yH: sensitive to QCD radiative corrections and proton PDFs

jet multiplicity: sensitive to relative rates of production
modes (ggH, VBF/VH/ZH, ttH)

jet veto fractions: sensitive to relative rates of production
modes, and strong coupling αs

p j1
T : in ggH corresponds to hardest QCD radiation,

and can be compared to higher order predictions

Δφjj: for ggH and VBF, sensitive to Higgs spin and CP

pHjjT : discriminates between ggH and VBF in 2-jet events

Collins-Soper helicity angle | cos θ∗|: sensitive to spin/parity
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.. Overview of ATLAS γγ result

First public result measuring differential cross section of the Higgs:

Differential cross sections of the Higgs bosonmeasured in the diphoton decay channel with

the ATLAS detector using 8TeV proton-proton collision data, ATLAS-CONF-2013-072

Event selection:

Diphoton trigger, with pT cuts>35GeV and>25GeV

Photon energy calibration from MC, with corrections from Z→ee data
Primary Vertex selected with a neural network, using calo pointing
information, photon conversion tracks, and other tracks in event

PV z coordinate is used to correct η and ET of photons
Photon |η|<2.37

And exclude crack between barrel/endcap calorimeter: |η|/∈[1.37, 1.56]
Calo isolation: <6GeV in cone of 0.4; Track isolation: <2.6GeV in cone of 0.2

ET/mγγ> 0.35 and 0.25 for leading and sub-leading photons

Require 105<mγγ < 160 GeV

Jet selection: anti-kt 0.4, with pT>30GeV, |y|<4.4
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-072/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-072/


.. Fiducial region definition

Photon |η|<2.37

Note: crack 1.37-1.56 not excluded

Photon isolation: Sum over all stable particles (excluding muons and
neutrinos) within cone of ΔR<0.4 around photon:

∑
p2T < 14GeV

Corresponds closely with reconstruction-level calorimeter isolation
cut at 6 GeV
Reduces dependence of measured cross sections on model used
for unfolding

ET/mγγ> 0.35 and 0.25 for leading and sub-leading photons

Require 105<mγγ < 160 GeV
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.. Analysis outline

Divide dataset into bins of observables (e.g. pγγT 0-20, 20-30, 30-40 etc.)

Simultaneous S+ B fit in all bins, withmH floated and common between bins
Look at fitted signal yield S in each bin

At this stage, comparisons with theory require full simulation

Unfold to particle level, compare with theory predictions
Direct comparisons with range of theories possible without full simulation

mγγ distribution Fitted signal yield Differential cross section
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signal full simulation particle-level simulations
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.. Distributions ofmγγ
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.. Fitted event yields
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.. Fitted event yields
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.. Unfolding to particle level

Calculate yields in simulation, in each bin of each observable, at particle
level and at reconstruction level

Apply bin-by-bin multiplicative correction factor:

cbin, i = nparticle−level
bin, i /nreconstructedbin, i

Define fiducial region at particle level (close to reconstruction level):
Same kinematic cuts as reconstruction level
Include calorimeter crack (1.37<|η|<1.56)

Using unfolded distributions allows for direct comparison with predictions
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.. Differential cross section results
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.. Differential cross section results
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.. Comparison with Standard Model predictions

Current uncertainties are dominated by low statistics

Agreement with SM is good within current uncertainties, with χ2

probabilities:

Njets pγγT |yγγ | | cos θ∗| p j1
T Δφjj pγγ jjT

POWHEG 0.54 0.55 0.38 0.69 0.79 0.42 0.50
MINLO 0.44 – – 0.67 0.73 0.45 0.49
HRes 1.0 – 0.39 0.44 – – – –

Notes on generators:
POWHEG+PYTHIA8: norm. to NNLO QCD + NLO EW
POWHEG+MINLO: H+1jet NLO, showered with PYTHIA8, using CT10 PDFs
HRes 1.0: NNLO + NNLL, using MSTW 2008 NNLO PDFs and infinite top quark
mass approximation
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.. Summary

First differential cross sections of the Higgs boson, measured in H→ γγ
with 20.3 fb−1 of

√
s=8 TeV data

Unfolded distributions can be compared to any particle-level predictions,
without needing full detector simulation

Paper in preparation, and data will be released in HepData together
with Rivet code
Released data will include full experimental covariance in each bin,
usable for external hypothesis tests

Look forward to new 13-14 TeV data in 2015

Higher statistics will reduce uncertainties, allow us to probe effects at
∼10% level, including NLO/NNLO differences, quark mass effects
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.. The ATLAS detector

2008 JINST 3 S08003

Figure 1.1: Cut-away view of the ATLAS detector. The dimensions of the detector are 25 m in

height and 44 m in length. The overall weight of the detector is approximately 7000 tonnes.

The ATLAS detector is nominally forward-backward symmetric with respect to the interac-

tion point. The magnet configuration comprises a thin superconducting solenoid surrounding the

inner-detector cavity, and three large superconducting toroids (one barrel and two end-caps) ar-

ranged with an eight-fold azimuthal symmetry around the calorimeters. This fundamental choice

has driven the design of the rest of the detector.

The inner detector is immersed in a 2 T solenoidal field. Pattern recognition, momentum

and vertex measurements, and electron identification are achieved with a combination of discrete,

high-resolution semiconductor pixel and strip detectors in the inner part of the tracking volume,

and straw-tube tracking detectors with the capability to generate and detect transition radiation in

its outer part.

High granularity liquid-argon (LAr) electromagnetic sampling calorimeters, with excellent

performance in terms of energy and position resolution, cover the pseudorapidity range |η | < 3.2.

The hadronic calorimetry in the range |η | < 1.7 is provided by a scintillator-tile calorimeter, which

is separated into a large barrel and two smaller extended barrel cylinders, one on either side of

the central barrel. In the end-caps (|η | > 1.5), LAr technology is also used for the hadronic

calorimeters, matching the outer |η | limits of end-cap electromagnetic calorimeters. The LAr

forward calorimeters provide both electromagnetic and hadronic energy measurements, and extend

the pseudorapidity coverage to |η | = 4.9.

The calorimeter is surrounded by the muon spectrometer. The air-core toroid system, with a

long barrel and two inserted end-cap magnets, generates strong bending power in a large volume

within a light and open structure. Multiple-scattering effects are thereby minimised, and excellent

muon momentum resolution is achieved with three layers of high precision tracking chambers.

– 4 –

(from JINST 3 S08003)
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.. Fractional uncertainty on differential cross sections
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.. Fractional uncertainty on differential cross sections
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