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» SM Higgs production and H->yy decay

> Measurements with 2016 dataset

Mass, signal strength and couplings : JHEP 11 (2018) 185 (Published on November 29, 2018)
Fiducial cross section measurement : HIG-17-015 (PAS-PUB)

» ttH->yy measurement with 2017 dataset and combination with 2016 dataset:

HIG-18-018 ;@g

» Summary



http://dx.doi.org/10.1007/JHEP11(2018)185
http://cds.cern.ch/record/2257530
http://cds.cern.ch/record/2649208

Higgs production and decay into yy
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» Small branching fraction (~0.2%) but excellent mass
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@ I Common tools for different H->yy measurements
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Event categorization
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Signal and background parameterizations
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Underlying event and parton shower
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Coupling constants

Measurements of coupling modifiers to vector bosons and fermions (k,, k) and to photons and
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Cross section
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> Largest coupling to the top quark

» Very challenging

Complicated experimental signature
Low cross section : o,y = 507 fb (NLO QCD + NLO EW, 13TeV)
Compare with SM cross section : g, = 831,800 fb (NNLO QCD)
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ttH observation

» First direct observation of the production mode with = *p o
various decay channels combined:
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» Very rare process but excellent mass
resolution, very low background

Y

» Use BDT to reject most non-ttH and
non-resonant bac kg round - CMS Preliminary 415 b (13 TeV) 2000 CMS Preliminary 415 b (13 TeV)
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e TTH Hadronic 0: events with a BDT score greater than 0.56;
e TTH Hadronic 1: events with a BDT score between 0.48 and 0.56; CMS PAS HIG-18-018
e TTH Hadronic 2: events with a BDT score between 0.38 and 0.48. 12



ttH->yy measurement with 2017 data (cont.)
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ttH->yy measurement : 2016 + 2017 data
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» Combined (2016+2017) significance: 4.1c (2.70)
» Dominant uncertainties
v' Theoretical: QCD scale uncertainties, PDF, o, Br(H—yy)
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v' Experimental: photon ID, JES/JER, b-discriminant



Summary

CMS Integrated Luminosity, pp

> Latest results of H éyby measurements Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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m,, . Photon energy
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e correction for response changes in time, S(t) 20 E

e single-channel intercalibration (C)) I i . T

e absolute scale adjustment 2013 JINST 8 P09009 8 82 84 86 8 90 92 94 96 98 100 8 82 84 86 8 90 92 94 96 98 100
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» Energy and its uncertainty corrected for local and
global shower containment with a multivariate
regression technique targeting E,,,./E, ..o

JHEP 11 (2018) 185

R, and n dependent scaling

: : : : and MC smearin
» For energy scale vs time and resolution calibration, J

Z->ee peak used as reference
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» Corrected energies and resolutions used in analysis
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My = \/2E1 Eo(1 — cos 6)

» Vertex assignment correct within 1 cm = has
negligible impact on mass resolution

> Multivariate approach (BDT) for vertex identification

* Vertex ID BDT: klnematlc correlations and track distribution imbalance

X |I’5’T|2 (7 |ﬁ-rr|) and (|5 77| — p1") /(| i 5y + p17)

» If conversions are present conversion information
e the number of conversions,

o the pull [zyx — ze| /0 between the longitudinal position of the reconstructed vertex,
Zyty, and the longitudinal position of the vertex estimated using conversion track(s),
Ze, where the variable ¢ denotes the uncertainty on z.

» A second MVA estimates probability of correct vertex
choice, used for di-photon classification using BDT

» Method validated on Z->uu events where vertex found
after removing muon tracks and y+j for converted y
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Photon identification

JHEP 11 (2018) 185

» MVA based photon ID classifier

(BDT) to discriminate between

prompt and fake photons

» Shower shape variables:
ainin ,covinid, E2x2/E5x5, R9, n-width,
®-width, Preshower oRR

* |solation variables: PF Photon 1SO, PF
Charged ISO - wrt selected vertex
and fo the worst (largest isolation
sum) vertex

* 0, NSC, Eraw
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Photon identification BDT score of the
lower-scoring photon of diphoton pairs
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Events/
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Photon identification BDT score
validation : Z->ee data and MC
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Photon identification BDT score

» Inputs and output of the MVA are validated on data and MC in Z-»ee and Z-ppy events

» Two photon BDT scores are used as inputs of diphoton BDT after a looser direct cut at > -0.9
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Diphoton BDT

» Multivariate discriminator (BDT) used to separate
diphoton pairs with signal-like kinematics, high photon ID
scores and good mass resolution from background

* pT/Myy, n, cos(Ad), Photon ID MVA score
of the two photons

Events/0.02

* Per event relative mass resolutions (under
correct and incorrect vertex hypothesis),
vertex probability estimate

150f
100[-

50/

ol

CMS

35.9 b (13 TeV)
T T T | T T T |

I
¢ Data

.Z — e*e” simulation

D Simulation stat. @ syst. unc. Bl

0 0.2 0.4 06 0.8 1

. . . . JHEP 11 (2018) 185 Diphoton BDT score

» Validation of Diphoton MVA is done on Z->ee events, ng ) 05 13 Tov)

with the electrons taken as photons Siof o gmme  Stw

L%w‘s— Eﬁeltet 5%?{; -

. 105; L\éslat. unc. [ JttH é

» Diphoton BDT used for the untagged event (ggH rejected -

dominant) categorization, one of the inputs of VBF ﬁ:A L
combined BDT, and direct cut on diphoton BDT score for 102

ttH/VH tagged events

Higher BDT score gives better mass-resolution diphoton events

10k

IS

o
0.8 1
Diphoton BDT score

| 1 | 1 |
0.6
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Event categorization

» Selected events are split into 14 categories depending on Higgs production modes and
Kinematics, to improve the analysis sensitivity

» Top fusion (ttH): cut-based leptonic and mva-based hadronic (2cats)

» VH: cut-based method and split into leptonic, hadronic, MET (5cats)

» VBF: combined dijet + diphoton BDT with categories based on significance (3cats)

» Untagged (ggH): split by diphoton BDT score, correspond to different S/B and invariant
mass resolutions (4cats)

Untagged
0-3
Order of event tagging

First VH results in Run2 22



2016 H->yy : ttH

. . — N — 1 — r— ’
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e Jets: e Selection )
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e Bjets: A Atleast 2 jets with A atleast 1loose b-jet 4 improve W,
o PF CSV v2 (medium WP) AR(. yorl) >04 o sensitivity
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muon’; minilso<0.06 AR(l.y)>0.35 4 diphoton MVA > 0.577
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A pr>20 GeV; |n|<2.5; 1.442<|n| IM,-Mz[>5 GeV
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2016 H->yy : VH

3 VH leptonic categories w—ivor Z—1l

® Muons

Ao p>20 GeV; |n|<2.4;
“tight muon”; pf
isolation < 0.25 (loose
WP)

e Electrons
A p>20 GeV; |n|<2.5;
1.442<|n|<1.566;
loose EGM ID

e Photons
A (sub)leading
p+/m,,>0.375(0.25)

A

>

>

>

A

A
A
A

e WH leptonic:

one lepton:

pymiss > 45 GeV
AR(y,1)>1.0
diphoton mva>0.28
<=2 jets

o ZH leptonic:

two leptons:
70<m;<110 GeV
AR(y, u(e)) >0.5(1.0)
diphoton mva>0.107

Diphoton MVA cuts were tuned

MET category

e W — [v (lepton out of acceptance) or Z — vv

A p mss > 85 GeV
A A@(yy, prmiee) >2.4

A diphoton MVA > 0.790 (0.6 before flattening)

Events / GeV

Events / GeV

e VH leptonic loose:
A One lepton:

A pMiss<45 GeV

A AR(y,)>1.0

A diphoton mva=>0.28
A <=2 jets

CMsS 35.9 b (13 TeV)
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E ~ ~ ptonic
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W->jj or Z->jj

hadronic category
e Photons
A (sub)leading
pr/m,,>0.5(0.25)
A pY¥/m>1.0
e Jets
A Atleast two jets
A p;>40 GeV
A |n<24
A 60<m;< 120 GeV
A |cosB’|<0.5
Diphoton MVA > 0.906

A before flattening
(0.7)
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2016 Hew VBF Tag

» Preselection: Two jets with pT;;>40GeV,
pT;, >30GeV, n|<4.7, m;>250GeV

» Main Structure: two parts, the Dijet BDT
& Combined BDT

» Dijet BDT: separates VBF dijet from BG
(incl. gluon fusion) using dijet kinematics

» Combined BDT: separates signal/BG
diphotons using diphoton BDT, dijet BDT
and scaled diphoton pT

Events / GeV

» 3 VBF-tagged categories using the
combined MVA with boundary
optimisation: cuts on combined score are
simultaneously optimized for max
significance across all categories
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Efficiency x Acceptance (%)
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ttH->yy with 2017 data

*10 T 1T T T T T T T 1T 1T =
Z 140-_3 ! a8 ! | ! ! ‘ Data‘ ! ‘ ! B S 20 e the pr/m,, of the two photons; the pr is scaled to the diphoton mass to
o [ omekmarre . 8 r ¢ Data ; keep the BDT blind to the diphoton invariant mass;
g | R, > 0.94 I:l Z— ee simulation i % 20 .- . h £ the h X
= 120 ; o . ¢ £ [z-e*e simulation e the 7 of the two photons;
2 f TN simuation stat. @ syst. unc. W 18 i Simulation syst. unc e the photon identification BDT scores of the two photons;
L%’ 100/- ] 16 e the azimuthal angle difference between the two photons A¢(7);
L iy 14 o the outcome of the pixel seed veto for the two photons. The veto requires
80| - 12E the absence of a track seed in the pixel detector matching the photon
L - B direction, reducing the background due to events where an electron is
60 ] 10 misidentified as a photon;
I : 8 e jet variables: . .
wf - o v the mamber of etz Input variables of leptonic BDT
L ] 4 e the transverse momentum of the three highest pr jets;
20; é 2; o the 7 of the three highest pr jets;
0 H\|||\||||||H\\||\|||||||\H|H 07 Ob-taggedjetvariables:
80 82 8 8 8 90 92 94 95 98 100 08 06 04 02 0 02 04 06 08 1 e the number of b-tagged jets;
GeV identificati '
Mee ( ) Photon identification BDT score o the value of the b-discriminant of the two jets with the highest score of
CMS P AS HI G_ 1 8_0 1 8 the b-discriminant;
e Photon variables: e leptonic variables:
e the pr/m,, of the two photons; o the transverse momentum of the highest py lepton;
e the 7 of the photons; Input variables of hadronic BDT ¢ the y of the lepton of the highest pr lepton;
. e the missing transverse momentum p7**.
e the azimuthal angle ¢ of the photons;
e the photon 1dent1f1ca't10n BDT score of the photons; o the 5 of the four highest pr jets;
e the outcome of the pixel seed veto for the two photons o the sum pr of all the reconstructed jets;
o the pr/ .m"Y’Y of the d{photon; e b-tagged jet variables:
e the rapidity of the diphoton; o the value of the b-discriminant of the three jets with the highest score of
e jet variables: the b-discriminant;
e the number of jets; o the value of the b-discriminant of the four highest pr jets;

‘ 27
e the transverse momentum of the four highest pr jets; e the missing transverse momentum p7*>.



ttH->yy with 2017 data (cont.)

ttH Hadronic 0 EPENSTEEEIETE
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B component subtracted:
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Signal fraction (%) Width (GeV) S/(S+B)int o,
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SM 125 GeV Higgs boson expected signal Bkg
Total ttH bbH tHq | tHW | ggH VBF WHlep | ZHlep | WHhad | ZH had | iy | FWHM (GeV—1)
ttH Hadronic0 | 24 | 86.7% | <0.05% | 5.0% | 28% | 2.6 % 0.1 % 0.1 % 0.1 % 0.7 % 1.8% | 1.66 1.61 0.2
ttH Hadronic1 | 33 | 79.29% | 02% 56% | 24% | 75% 0.2 % 0.4 % 0.1 % 1.0 % 33% | 1.79 1.62 1.1
ttH Hadronic2 | 52 | 629% | 02% 59% | 1.9% | 184 % 1.3 % 0.6 % 0.4 % 3.2 % 51% | 2.02 1.72 3.8
ttH Leptonic0 | 2.7 | 885% | <0.05% | 52% | 44% | 02% | <0.05% | 12% 02% | <0.05% | 01% | 179 1.66 0.3
ttH Leptonic1 | 1.2 | 87.6% | <0.05% | 55% | 1.8% | 2.0% 0.2 % 1.9 % 08% | <0.05% | 02% | 1.88 1.59 0.3
Total | 148 | 77.2% | 0.1% 55% | 26% | 87 % 0.5 % 0.7 % 0.3 % 1.5 % 28% | 1.84 1.65 2§ 56

Event categories




