Higgs property measurement in di-photon final state
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The Higgs @ LHC

Run-1 Run-2 Run-2/1
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The Legacy of Run-1
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The first measurement of Higgs properties:
No significant deviation from SM. 3
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How to Measure Higgs Property for Run2?
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{s=13 TeV
Delivered: 93 fb™!
Recorded: 86 fb™!
Physics: 80 fb™'

[_|LHC Delivered
D ATLAS Recorded
D Good for Physics
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Run 1-style coupling
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Comprehensive measurement methodologies including the new

one of simplified template cross section measurement (STXS) ,



exp. yield ~ 450
o(mu) ~ 1-2%

Why in H—-yy ?
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High photon reconstruction and identification efficiencies lead
to a sizable Higgs signal yield

Good photon resolution exhibits the Higgs signal a peak on top of
a smoothing falling background

Nice signal-background separation



Di-photon Selection / Categorization

+ Preselection of two leading loose photons within |n|<2.37 excluding crack region

[1.37, 1.52]

+ Photon candidates must be tight identification requirements + isolated (track and
calorimeter isolation within AR=0.2)

+ Leading (sub-leading) photon with pr'/m,,>0.35(0.25)
+ Diphoton mass window of 105 GeV < m,, < 160GeV

di-photon selection
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" Dedicated BDTs to separate ttH h
signal with 79.8fb-" for discovery of
t-Yukawa coupling

Full update with 79.8fb-! will be

available @ ICHEP
\_ _J

- Make use of event kinematics and topologies
of diff. production modes

- Maximize the sensitivity to the regions of STXS
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Mass measurement

¢ Dominant systematic uncertainties in yy channel:
Photon energy scale: +260MeV in “ggH 0J Cen” - 470MeV in “Jdet BSM”
- Background modeling: +60MeV
- Event vertex selection: +40MeV
¢ ATLAS-only Combined result is comparable w.r.t. ATLAS+CMS Run-1 combination
¢ Uncertainty on coupling ~ 0.5%

Compatible with 12.3%
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CMS :125.26+0.21(x0.20+0.08)GeV

o(mu)/muy~ 0.17%
JHEP 11 (2017) 047

127 128
m,, [GeV]

T T | T T T T | T .I T T T T T T | T T T T | T T T T T . . .
ATLAS arxXiv: 1 é()6()0242 ~To Stat. only Source Systematic uncertainty in myg [MeV]
Run 1: Vs = 7-8 TeV, 25 b, Run 2: Vs = 13 TeV, 36.1 fb” . . .

s e — Total  (Stat. only) EM calorimeter response linearity 60
Run1H—4l ([ ' 124,51+ 0.52 ( + 0.52) GeV Non-ID material 55
Run1H-yy | (.84 $ | 126.02£0.51 (£0.43) GeV EM calorimeter layer intercalibration 55
Run 2 Hoyy ——— : 124.93 +0.40 (£ 0.21) GeV ID material 45

_________________________________ — TR
Run 1+2 H—4l  — 124.71+0.30 ( £ 0.30) GeV Lateral Shower Shape 40
Run 1+2 H—-yy ————1 125.32 £0.35 (£ 0.19) GeV Muon momentum scale 20
Run 1Combined —— 125.38 + 0.41 ( +0.37) GeV Conversion reconstruction 20
| Run2Combined = 12486 £0.27 (£0.18) GeV H — yy background modelling 20
Run 1+2 Combined == 124.97 £0.24 (£0.16) GeV H — vy vertex reconstruction 15
ATLAS + CMS Run 1 ——i 125.09 £ 0.24 ( +0.21) GeV e/ energy resolution 15
Con b o b o b e b e b by All other SyStematiC uncertainties 10




Signal strength
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The global signal strength measurement improves on the Run1 precision
with a factor of 2.



Production mode cross section

arX|V1 802041 46 ATLAS {s=13 TeV, 36.1 o
Process Result Uncertainty [fb] SM prediction H =y, m =125.09 GeV
(lyul <2.5) | [fb] Total Stat. Exp. Th. [fb]
ggH 82t (s¢16 ) 102+ 99H = —
VBF 16 (x4 2 1) 8.0+ 0.2
VH 30 =4 (M =1 H) | 4s5x02
0.9 0. 02  +02 VBF -
top 0.7 ¥ (8 102 03| 13:01
OVBF/ O ggH 1.3 11 0.5 0.5 VH
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(ovBF/ 0 ger)™M 09 08
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o =& O7+8§—07+8§(Stat)+02(eXp)+02(theorY) co v b b v e b iy

(Ttop/ T ggr)>M 0 0.5 1 15 2 25
SM prediction Measured ¢ x B normalized to SM

The signal yield in each category c is parametrized with the cross section of each
mode.

Lx oM x BM(H — yy) X (A X €)¢

- Direct measurement on the production mode cross section, as well as rate
parametrization to cancel out the impact of the possible branching ratio derivations.
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Assumptions:

- Single state, spin 0 and CP-even.
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Methodology: parametrize deviations with coupling scale factors {xx}
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<+ Assumptions:

- Single state, spin 0 and CP-even.

»  Narrow-width approximation:

(0 -BR) (it > H — ff) =

oii - Uy
I'y

<+ Methodology: parametrize deviations with coupling scale factors {xx}
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Simplified template cross section

ATLAS preliminary

{s=13 TeV, 36.1 fb™
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arXiv:1802.04146

- A merged strategy for simplified template cross section measurement is used to reduce
strong correlations and keep total uncertainty near or below 100%

« The signal yield in each category c is the sum over the yields from the simplified template
regions

Lx M x BM(H — yy) x (A X €)¢

- Since defined to minimize theoretical uncertainty, the measurements are strongly

dominated by experimental uncertainty 12



Simplified template cross section

ATLAS preliminary
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o o
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or VBF-like 99/qq—>HiIl/HIv
1 520 60 < pH < 120 GeV 99/gq—ttH
= m 18} — | . o ] =
— ~ 16t y ~55% ~40% . == -
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ATLAS-CONF-2017-0477 Simplified template cross section measurements _ 13




Fiducial cross section measurement

Total cross section (pp — H + X)

" ATLAS o - - Inl By S 100~ ATLAS Preliminary — Oppy My =125.09 GeV _
Diphoton fiducial iﬁga};;’\(foz LC:";I"eV, 36.1;)/‘;’[' - § AE ;r F A Hosyy ©HoZZ Al QCD scale unf:ertainty ]
I i o - ¢ combined data mm Total uncertainty (scale ® PDF+o. ) i
VBE-enhanced ¢ ' + © 80 | | systematic uncertainty B
g [ ]
Niepton = 1 ; } 95% C.L. %]2
. 0 ‘ my, = 125.09 GeV _
High ET"° v 95% C.L. B NLO + XH
‘ I gg—H default MC + XH |
. ~ e §
ttH-enhanced 52 ‘ 95% C.L. - VR (s=7 TeV, 4.5 b’
oo B (s=8TeV, 20.3 fb"
2x10 1 2 3456 10 2030 102 O_H o F.=.1?T.e\./’.3§'1|fb._1. -
G [0l 7 8 9 10 11 12 13
. Vs [TeV
arXiv:1802.04146 ATLAS-CONF-2017-047 eV
Fiducial region Measured cross section SM prediction
Diphoton fiducial 55 + 9 (stat.) + 4 (exp.) = 0.1 (theo.) fb 64 + 2 fb [IN°LO + XH]
VBF-enhanced 3.7+ 0.8 (stat.) = 0.5(exp.) + 0.2 (theo.)ftb 2.3+ 0.1fb  [default MC + XH]
Niepton = 1 < 1.39 b 95% CL 0.57+0.03 b [default MC + XH]
High E%niss < 1.00 tb 95% CL 0.30 £ 0.02 tb [default MC + X H]
tt H-enhanced < 1.27tb 95% CL 0.55+0.06 fb [default MC + XH]

In good agreement with SM prediction
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Differential cross section measurement

Hi ggs boson productlon / Jet klnematlcs Spln -CP, VBF production mode
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arXiv:1802.04146

The data slightly undershoot (overshoot) the SM prediction at low
(large) transverse momentum.

The compatibility is tested with the probability from 42 test and first/

second moment, shows a good agreement.
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Differential cross section measurement

Higgs boson production / Jet kinematics, Spin-CP, VBF productlon mode
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Search for anomalous Higgs-boson interactions
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top-quark Yukawa coupling
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are trained to discriminate the signal from rlb
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With Run2 2015+2016 data (36.1 fb™'):

Comprehensive measurement methodologies including Run-1 type
coupling measurement, fiducial and differential cross section measurement
and the new one of simplified template cross section measurement.

Extensive Higgs property measurement in H—vyy and further combination
with H—ZZ.

Overall, all the results are in good agreement with the SM prediction.

With higher statistics data:
More extensive and sensitivity measurement.

Looking forward to the update results with ~80 fb!' @ ICHEP2018
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Prospect

ATLAS Simulation Preliminary
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