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Introductlon

. At the LHC the H—> vy channel plays a key roIe flrst Ig the
discovery of the Higgs boson, and then in the
measurements of Higgs boson properties and also in
searches for new physics

Good sensitivity: excellent mass resolution, clean signature
Sensitive to new physics: loop-induced process
» This talk: recent Run 2 @13 TeV ATLAS and CMS results
from H—yy channel
Coupling and mass measurements
Fiducial/differential XS measurements
Searches: flavor changing neutral current, mono-Higgs + MET

Di-Higgs searches will be covered by Magda Slawinska

* Not intend to summarize all the important results due to time
constraints. Apolog/es if your favorite topic Is m/ssmg/
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 Liquid Argon sampling calorimeter with layer structure
First finely-segmented layer provides discrimination against neutral hadrons
Longitudinal shower information used in diphoton vertex finding

- Sliding window algorithm for photon reconstruction. Converted photon
reconstructed by matching tracks consistent with conversion

- MC-based calibration using MVA regression technique, with additional
corrections from Z— ee MC/data comparison



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-161/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2013-04/
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“Particle-flow” algorithm (arXiv:1706.04965) reconstruct all particles combining
information from all relevant sub-detectors. Photons are identified as ECAL energy
clusters not linked to the extrapolation of any charged-particle trajectory to the ECAL

“Supercluster” for good energy containment and robustness against pileup

Mainly use track recoiling to assign diphoton vertex

MC-based MVA regression for calibration. Using Z— ee events where electron is

reconstructed as photon for correcting energy scale in data
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https://cds.cern.ch/record/922757?ln=en
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
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https://arxiv.org/abs/1610.07922
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» Loop-induced process
Interference helps probe sign of couplings to SM particles
New physics could enter the loop

- Signal m,, distribution expected to be dominated by
detector resolution (SM I, is negligible)

- Variation of signal m,, resolution (quantified as smallest
window containing 68% of sighal) among categories in
coupling analyses:

ATLAS: 1.42 GeV ~ 2.14 GeV, CMS: 1.32 GeV ~ 2.62 GeV
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
https://arxiv.org/abs/1610.07922
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045

Approx. int. Number of H Decayed to

lumi. (fb-1) produced diphoton Selected

7 TeV 5 ~100,000 ~200 ~90
8 TeV 20 ~500,000 ~1,000 ~400
13 TeV 36 ~2,000,000 ~4,500 ~1,800

Assuming SM prediction @muy= 125.09 GeV. Using 40% as selection efficiency
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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Skim data sample with diphoton trigger

“Relative” Et selection (Er>f-m,,) to make bkg. shape easy to model
Apply fiducial n cut according to calorimeter geometry

Photon identification based on shower shapes

» |solation selectlons to further suppress hadronic actlvmes
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
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CMS Prel/m/nary H—yy CMS-PAS-HIG-16-040 35.9 fb™" (13 TeV)
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 Divide inclusive data sample into categories
Isolate different production modes

Improve sensitivity by introducing variety in S/B and resolution
* There is good agreement between SM prediction (white text in plot) and observat/on in each category
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045
https://arxiv.org/abs/1610.07922
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- Designed to evolve Run 1 style signal strength measurement in a
systematic way that reduces dependence on theory predictions



https://arxiv.org/abs/1610.07922
https://arxiv.org/abs/1610.07922
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Main experimental syst. uncertainties: photon energy
scale and resolution, photon ID, luminosity etc.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html
https://arxiv.org/abs/1610.07922

Fitting data with coupling modifiers (kappa framework)

MLL 2:| . AITIth\IS F;rlelllrrlllrllallr)lll rpr T I+ é' Itlftl = CMS Preliminary 35.9 fb™ (13TeV)1
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Ky CMS-PAS-HIG-16-040 Xv

» Assign uniform coupling modifiers to all fermions (kg) and to all
vector bosons (Ky)

Resolve loop vertices and total width with SM particles
Assume no additional BSM contribution to total width

- H—-yychannel provides crucial sensitivity for determining the
relative sign of K|: W. rt Ky
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html

Mass results
"+ In Run 2, both ATLAS and CMS reuse coupling categories to measure o

ATLAS: my=125.11 £0.21 (stat.) £ 0.36 (syst.) GeV from preliminary calibration, with
leading syst. uncertainty from non-linearity and layer calibrations

CMS: best fit mass at 125.4 GeV, with ~150 MeV stat. uncertainty, and syst.
uncertainty preliminarily estimated to be 200~300 MeV (under study)

* Both experiments start to be limited by syst. uncertainty in H—yy

I I ] 1 1 1 I I I 1 1 I 1 1 I 1 I 1 1 1 1 I I I 1 1 I 1
ATLAS Preliminary
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(s =13 TeV, 36.1 fb fota Stat !
I
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H—ZZ*—4l | | 124.88 £ 0.37 ( £ 0.37 £ 0.05) GeV
. | Hoyy 0 H———=125.11£042(£021+0.36) GeV |
Combined : . : 124.98 + 0.28 ( £ 0.19 = 0.21) GeV
I
| l 1 1 | 1 I 1 1 1 1 I 1 1 | 1 I 1 | 1 | I 1 1 1 1 I 1
124 124.5 125 125.5 126 126.5
m,, [GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-10/

% Fidcial Cross sections % %

* Inclusive fiducial cross section in good agreement with SM

 Fiducial cross sections in regions sensitive to either different
production modes or BSM physics are also provided

No obvious tension with several theory calculations

Diphoton fiducial

VBF-enhanced

ttH-enhanced

High ET"°

Hongtao Yang (LBNL)

ATLAS-CONF-2017-045
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» Diphoton pr spectrum probes perturbative QCD modeling of
ggF. High pr tall is sensitive to new physics in the ggF loop

» Good agreement with SM given current stat.
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Differential distributions: Niet and lcos®7]
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- Jet multiplicity sensitive to theoretical modeling of QCD and also
composition of different production modes

 |lcosO*| probes the spin of the particle

- Good agreement W|th SM given current stat.

Hongtao Yang (LBNL)
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Searches




_Search for flavor changing neutral currents

. t—»qH process hlghly suppressed in SM: |deaI channel for
probing new physics

* Analysis targeting ttbar events, with one top decay to Wb and the
other to H(yy)q, g=u, c

* No significant deviation from background hypothesis observed.
Exclude B(t—cH) above 2.2x10° at 95% CL. Exclude B(t— uH)

above 2.4x10°
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« Search for dark matter (MET) produced in

association with Higgs boson
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-012/index.html

Conclusmn

. Measurements of nggs boson properties agree W|th SM / previous

measurements

ATLAS
= 0.9920.14, o Y =1.1679 15

Signal strength/cross section of different production modes consistent with SM, and
dominated by stat. uncertainty

Signal strength u

Start exploring a variety of phase spaces using STXS framework

Mass measurement now dominated by syst. uncertainties.

my 0, =125.11 £ 0.42 GeV, CMS best-fit at 125.4 GeV

Fiducial/differential cross sections agree with SM, but limited by stat. uncertainty

« Searches for new physics (FCNC, dark matter etc.) involving Higgs boson
performed using diphoton decay channel. No excess found so far, but
imited by stat.

- LHC Run 2 data-taking continues until the end of 2018

Expect ~120 fo' collected in total: stat. uncertainty should further reduce
to about half of current level

Also more optimization of analysis as well as interpretations of data
underway. Stay tuned!
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Refernces

ATLAS-CONF-2011-161: Search for the Standard Model Higgs boson in the diphoton decay channel with 4.9
fo-! of ATLAS data at Vs = 7 TeV

EPJC 76 (2016) 666: Measurement of the photon identification efficiencies with the ATLAS detector using LHC
Run-1 data
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CMS luminosity public results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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ATLAS-CONF-2017-045: Measurements of Higgs boson properties in the diphoton decay channel with 36.1
fb- pp collision data at the center-of-mass energy of 13 TeV with the ATLAS detector

CMS-PAS-HIG-16-040: Measurements of properties of the Higgs boson in the diphoton decay channel with the
full 2016 data set

JHEP 09 (2014) 112: Measurements of fiducial and differential cross sections for Higgs boson production in the
diphoton decay channel at Vs = 8 TeV with ATLAS

CMS-PAS-HIG-17-015: Measurement of differential fiducial cross sections for Higgs boson production in the
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ATLAS-CONF-2017-046: Measurement of the Higgs boson mass in the H—=+ZZ*—40 and H—yy channels with
Vs = 13 TeV pp collisions using the ATLAS detector

arXiv:1707.01404: Search for top quark decays t—qgH, with H=yy, in Vs = 13 TeV pp collisions using the
ATLAS detector

arXiv:1706.03948: Search for dark matter in association with a Higgs boson decaying to two photons at Vs =
13 TeV with the ATLAS detector

arXiv:1703.05236: Search for associated production of dark matter with a Higgs boson decaying to bb or yy at
Vs =13 TeV
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Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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CMS DETECTOR

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter : 15.0 m

Overalllength  :28.7m
Magnetic field :3.8T

STEEL RETURN YOKE

SILICON TRACKERS

Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?> ~137,000 channels

,,,,,,

FORWARD CALORIMETER

////// ”’, = S | HV\\'S\ ~
’ // . K& = . L Steel + Quartz fibres ~2,000 Channels
///////////////// / '[ ‘ﬁ;' ;'; Qi | ; 5 | ﬁ;“f

Py

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Hongtao Yang (LBNL)  QCD@LHC 2017 08/28/2017



ATLAS

. : o|pb]
Process Generator Showering PDF set Order of calculation /5 =13 TeV
goH POWHEG NNLOPS PyTHIA8  PDF4LHC15 NSLO(QCD)+NLO(EW) 4852
VBF PowHEG Box PyTHIA8  PDF4LHC15 NNLO(QCD)+NLO(EW) 3.78
WH POwWHEG BoX PyTHIA8  PDF4LHC15 NNLO(QCD)+NLO(EW) 1.37
qf — ZH POWHEG BoX PyTHiA8  PDF4LHC15 NNLO(QCD)+NLO(EW) 0.76
99 — ZH PoOwHEG Box PyTHIA8  PDF4LHC15 NNLO(QCD)+NLO(EW) 0.12
ttH MADGRAPHS_.AMC@NLO  PyTHIA8 ~ NNPDF3.0  NLO(QCD)+NLO(EW) 0.51
bbH MADGRAPH5_AMC@NLO  PYTHIAS CT10 5FS(NNLO)-+4FS(NLO) 0.49
tHqb MADGRAPHS5_AMC@NLO  PYTHIAS CT10 4FS(LO) 0.07
tHW MADGRAPHS5_AMCQ@QNLO HERWIGH+ CT10 5FS(NLO) 0.02
vy SHERPA SHERPA CT10

* CMS use MG5_aMC@NLO interfaced with Pythia8
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Addltlonal generators used in fldumaI/dlfferentlaI measurements

. ATLAS

The Powheg NNLOPS calculation is normalized to the N3LO
prediction using a K-factor of Kggn = 1.1. This prediction is
labeled as “default MC” in the plots

RadISH+NNLOjet provides prYY predictions using a pt™
resummation to NNLL and matching to the one jet NNLO
differential spectrum from NNLOjet. The shown
RadlSH+NNLOjet prediction does not include corrections
from the finite top and bottom quark masses

SCETIib provides predictions for Icos0* at NNLO+NNLLy’
accuracy derived by applying a resummation of the virtual
corrections to the gluon form factor. The underlying NNLO
predictions are obtained using MCFM8 with zero-jettiness
subtractions.

. CI\/IS use PowHeg for ggF



Stage 0 definition

Stage 1 definition

Red boxes indicate

merging applied by
ATLAS analysis

Hongtao Yang (LBNL)
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Slgnal mass resolutlon and S/B in ATLAS coupllng anaIyS|s

068 [GGV] 590 bgo 890/(590 —I— 890)

obs events

category

ggH 0J CEN 1.61 254 5338 0.05 51722
ggH 0J FWD 2.14 445 20224 0.02 140729
ggH 1J LOW 1.91 329 7934 0.04 62330
ggH 1J MED 1.82 135 2839 0.05 23355
ggH 1J HIGH 1.63 27 235 0.10 2313
ggH 1J BSM 1.44 1.9 7 0.21 88
ggH 2J LOW 1.92 121 3102 0.04 23888
ggH 2J MED 1.82 72 1725 0.04 13955
ggH 2J HIGH 1.64 27 284 0.09 2678
ggH 2J BSM 1.42 7 25 0.21 303
VBF loose, low pT 1.84 19 109 0.15 895
VBF tight, low pi’’ 1.64 12 16 0.49 136
VBF loose, high pH‘“ 1.80 23 256 0.08 2009
VBF tight, high pi7’ 1.66 23 111 0.16 1085
VH had loose 1.71 15 222 0.06 1893
VH had tight 1.54 11 46 0.19 473
jet BSM 1.42 25 280 0.08 2912
VH MET LOW 1.83 0.5 3.4 0.13 26
VH MET HIGH 1.56 1.2 2.3 0.34 25
VH lep LOW 1.78 6 51 0.10 414
VH lep HIGH 1.52 1.4 2.4 0.37 24
VH dilep 1.74 0.8 1.1 0.44 10
tH had 4j2b 1.70 0.6 7 0.08 59
tH had 4j1b 1.66 2.3 48 0.05 422
ttH had BDT4 1.63 2.3 14 0.14 125
ttH had BDT3 1.62 0.6 2.3 0.19 22
ttH had BDT2 1.59 1.6 3.9 0.29 37
ttH had BDT1 1.60 1.3 2.0 0.40 21
ttH lep 1.62 2.2 2.7 0.44 28
tH lep 1fwd 1.72 1.0 1.9 0.35 19
tH lep Ofwd 1.67 0.9 3.6 0.20 34

Hongtao Yang (LBNL)
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Signal strength per category in CMS coupling analysis

35.9 fb' (13 TeV)

CMS Preliminary
—
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Impact of energy scale systematic uncertainties on ATLAS my result

Source

Systematic uncertainty on m7}) [MeV]

LAr cell non-linearity
LAr layer calibration
Non-ID material

Lateral shower shape

ID material

Conversion reconstruction
Z — ee calibration
Background model

Primary vertex effect on mass scale

Resolution
Signal model

=200
=190
-120
-110
-110

150
150
150
+40

+20
—30

120
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