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Introduction

» Clean final state with two highly energetic photons

» Final state fully reconstructed with high resolution

> Good mass resolution : o~ 1-2% m,,

» Very small branching fraction (~0.2%)
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Analysis strategy and
analysis elements



Analysis strategy

> Photons energy reconstructed and corrected, rejection of ,

fake photons (photon id)

» Events categorized into classes (production mechanism,
mass resolution, S/B) to improve the analysis sensitivity

» Extraction of signal through fit of di-photon invariant mass
spectrum in each event class
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Event and photon selection

» Double-photon trigger selection based on transverse energy, m

, isolation and electromagnetic shower shapes variables
HLT Diphoton30_18 R9ld_OR _IsoCalold_AND_HE_R9ld_Mass90

1Y

» Minimal pre-selection, similar to but tighter than trigger selections
pt>30 (20) GeV, pt/myy > 1/3 (1/4) for (sub)leading-pT photon

In|<2.5, removing 1.44<|n|<1.57, electron veto

either Rg>0.8, or charged hadron isolation < 20 GeV, or charged hadron isolation

relative to pr <0.3

H/E Ty R9 | photoniso. | tracker iso.
ECAL barrel; Rg> 0.85 <0.08 - >0.5 - -
ECAL barrel; R9<0.85 <0.08 | <0.015 | >05 <40 < 6.0
ECAL endcaps; R9>0.90 | <0.08 - >0.8 - -
ECAL endcaps; R9<0.90 | <0.08 | <0.035 | >0.8 <40 <6.0

» Efficiency is measured in MC with SFs from data and simulation

with tag & probe method with Z-»ee and Z->uuy

o Z>ee events used for all cuts other than electron veto

e Z->uuy events for electron veto




Photon energy

. CMS Simulation Preliminary 13 TeV
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Vertex identification

CMS simulation Preliminary 13 TeV

H— yy (m, =125 GeV)
Data PU scenario (12.9 ™)
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Photon identification

o e e .. o R, . CMS preiiminary 12.9 b (13 TeV)
» MVA based photon ID classitier (BDT) £® { Dam
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Diphoton BDT

» Muitivariate discriminator (BDT) CMS Prefiminary 129 fo" (13TeV)
used to separate diphoton pairs S107 | Data Sunutaion beckground S Heyy, m =125 Go
with signal-like kinematics, high £100) —ary —r

photon ID scores and good mass &, +f S sat uncen.

resolution from background

104
. 10°
» Input variables: -
* pT/Myy, n, cos(Ad), Photon ID MVA score
of the two photons L
* Per event relative mass resolutions (under 1
correct and incorrect vertex hypothesis),

m lga el o sl o vpa™l penal A
04 05 06 0.7 0.8 0O 1
Transformed E.DT”
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» Validation of Diphoton MVA is , ,

) Higher BDT score gives better mass-
done on Z->ee events, with the resolution diphoton events
electrons taken as photons
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Event categorization,
Signal and Background
Modelling



Event classification

» Events are split into different categories corresponding loosely to

Higgs production modes

» VBF- and ttH-specific categories with additional selection criteria to
identify topologies corresponding to respective production modes

v’ ttH: leptonic and hadronic modes
v’ VBF: Split into 2 sub-categories
based on sensitivity

» VH was not integrated into
workflow could not happen in time.
To be added in the future.

» 4 Inclusive categories (“Untagged
0-3”), mostly consisting of ggH
events : corresponding to different
S/B and invariant mass resolution
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Tagged events

ttH: leptonic tag ttH: hadronic tag

tt — blubqq tt — blv;f)txvlr p
(sub)lead pT/myy > 1/2(1/4)

tt — bqquqrjf

(sub)lead pT/myy > 1/2(1/4)
at least one lepton (£=e,u), away

from Z peak Y Ieptons
> 2 |ets 29 Jets

> 1 b-jet p > 1 b-jet
VBF tag

|dentify events with 2 jets through a MVA P

« Inputs: pT/myy of both photons, pT of both jets, mj, Anj;,
/eppenfeld variable, Adyyj

2 Jets with pt1 > 30GeV, pr2 >20 GeV, |n| < 4.7, mj
>250 GeV P

VBF Classification BDT combines di-jet and
diphoton BDT: 2 data categories (VBF tag 0-1) 13




Signal and background models

CMS Simulation Preliminary 13 TeV
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Mass spectra

vents / GeV

Events / GaV

-~

sV

(e
o

CMS Freiim inary

Hop
i, =126.0 GeV, [=0.95

129107 (13 TeV)

TTH Leptonic Tag
¢ D[ata
— S4B fit
—-—- B component
A=ic
=2 o

' B component subtracted J

T L LTI

140 130 180 170 180

m... (Ge\)
CMS Freiminary 129 b (13 TeV)
E II_II:.!HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2E 5 1260 Gev, =095  Vor 1490
18} ¢ D[ata
16} — S4B fit
14 —-—- B component
12 |:| =1
m =2
[i]
4 ! 1T
2 " "
|:| 11 1 1 I 11 1 1 I I 1 1 I II I 1 Il‘llit tl-- I

" B component subtracted_

tagged events

Events / GeV

Events [ GeV

CMS Preiminary 129" (13 TeV)

RN .
12/ 1960 Gev, =085 | 'H Hadronic Tag

C + Data E
10 — S+B fit E
..... B component 7

8 E=io B
[=2o .

& 7
of =
: | |

t Sl

0
hie]
]
B
4
] i
_'fDCI 1‘iﬂ' 120 13Iﬂ 1-4I-IZI 1€IK} 1é|IZI 170 1_30
m... (GeV)
CMS Freiminary 129 o (13 TeV)
e
100 H—=vy
- #.-1260GeV, =095 Vo' 1401
L 4 DCata
30_—1 — 24B fit
----- B component
&0 A=ic
CO=2w

[i] ||||||||||||||||||||||i|

130 180 170 180

130 140



Mass spectra : untagged events

CMS pPre fiminary

C
2
©
Ce)

[y
o

1291 " (13 TeV)

ag . M,=126.0 GeV, =095

Untagged 0
§# Data

— S4Bt
----— B component

i

[J+2 o

CMS Fr= firminary

m,, (GeV)
129" (13 TeV)

=
o oo H—vyy
]
e
ol
= 18
L 18
G 14
12
10
8
8
4
2
0
=
Ezuo:. H—.r.-'-.
— 1800 ™=
[15]
T 16800
2 1400
|

0 TR N IR B AR A BN A BN IO N I O A A B I A W

Untagged 2

+ Data
— S4Bt
----— B component
S
2o

" E component subtracted 3

ug\agg

CMS Freiiminany 12.08fh " (13 TeV)
} TTr T I TTTT I TTTT II LI I TTIrT I TTITrT I TTT II TT T 1]
[:i] VY ]
O B00F 7 1260 GV, g=095  naeded] =
- 4 Data 3
E 5005 — S4B fit =
> —---- B component 3
W00 pis A=io 3
200 [J=2 = _f
200 —f
100 3
|:| 11 11 I 11 1.1 I 11 11 II 111 I 1111 I 111 1 I L1l II 11 I_

100 1‘;D 1£1:| 13II:]I ‘I-dl-l:I 1EI(]' 1I:-IZI 17:'0 180
m,, (GeV)
CMS Freiiminany 129707 (13 TeV)
- R o o = ST S Bl
o C H—svyy -
O 6000f - ~126.0 GeV, j=095 - nagd=d3 3
i -y i Datﬂ .
£ 5000 —— 5+B fit 3
u.:j C —---- B companent 3
4000 E=ic =
C =2 a ]
3000 3
2000F- 3
1000F- =
P =M I I U DT PR N B

" E component subtracted



CMS preliminary

Mass spectra : all categories
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Measurement results :
significance, signal strength
and couplings



Results : significance

CMS Preliminary 12.9 fo (13TeV)
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» Significance at 125.09 GeV : 5.60 observed (6.20 expected)

» Maximum observed significance is 6.1c at 126.0 GeV 19



Results : signal strength (l)

CMS Preliminary 12 9 fb (13T9V)
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» Best-fit signal strength
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» Signal strengths measurements compatible with SM
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Results : signal strength (Il)

Signhal strength measured
is measured in bosonic
and fermionic components

_ +0.73
MVBF VH — 1.99 —0.45

+0.14
)u’ggH v = 0.80 _0.18

Compatible with SM

IJL"UIE’:F,"&;’H

3.5F

CMS Preliminary

129 fb' (13 TeV)

Al
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Results : couplings

Measurement of coupling modifiers to vector bosons and
fermions (k,, ki) and to photons and gluons (k k)

CMS Preliminary 129" (13TeV) CMS Preliminary 129" (13TeV)
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Fiducial XS measurement



Events / GeV

Fiducial XS Measurement : Strategy

» Fiducial region is defined using generator-level properties of
particles: pT**"/m N, n®", Isolation*"

» Follows a similar strategy to the main analysis

» Different event categorization: 3 mass resolution categories
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Fiducial XS Measurement : Result

» Fiducially cross section
measured profiling m:

ofid (fb)

G pig = 69755 (stat.) 75 (syst.)fb

» Theoretical prediction for
m,=125.09 GeV

» Good data/theory agreement
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Summary

» CMS H->vyy results using 12.9/fb of 13 TeV collision data
collected in 2016 have been presented

» Observation (6.1c peak significance) of the Higgs boson in
the diphoton channel

> Best fit signal strength is 6/osa = 0.9570:20

» Bosonic and fermionic components of signal strength are

. 0.73 ~ 0.14
observed pverve = 1597045 fggmeem = 0.8077 13

> Fiducial cross-section is measured to be 6 = 697 15(stat.) ™S (syst.)fb

» Consistency with SM! Waiting for Moriond17... 26



Thanks for your attention!
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Analysis flowchart

—

B \ 4
S RN




Diphoton BDT

» Inputs

» Systematic uncertainties

* Impact on BDTyy of systematic
uncertainties associated to:

* relative energy resolution (£5%

relative shift)

* photon ID BDT (% 0.03 shift plus

linearly increasing term)

* /Z—ee events with electrons
reconstructed as photons

e the relative transverse momenta of both photons, p-lrm /Moy
e the pseudorapidities of both photons, '(?);
e the cosine of the angle between the two photons in the transverse plane, cos(¢; —

$2);
e the relative diphoton mass resolution, under the hypothesis that the mass has been
reconstructed using the correct primary vertex, o‘,?,gm [ Mopy;

e the relative diphoton mass resolution, under the hypothesis that the mass has been

reconstructed using an incorrect primary vertex, oy ¢ /Moq;

e the per-event probability estimate that the correct primary vertex has been used to
reconstruct the mass, taken from BDTytx proB;

e the BDT, 1p score for both photons.
108 CMS Preliminary 129 fb™ (13TeV)
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ttH selection details

» Leptonic tag =

» Hadronictag |

e leading photon pr >m.. /2;
e sub-leading photon pr >m.. /4;

leading photon pt >m,/2;
sub-leading photon pr >m.., /4;

at least one lepton with pr > 20 GeV: electrons must be within the ECAL fiducial re-
gion and pass the recommended criteria for loose requirements on the same observ-
ables as described in [27]. In addition the electron should satisfy |m(e, y) — mz| >
10 GeV, where my refers to the Z boson mass. Muons are required to have |y| < 2.4
and to pass a tight selection based on the quality of the track, the number of hits in
the tracker and muon system, and the longitudinal and transverse impact param-
eters of the track with respect to the muon vertex; additionally, it has to satisfy a
requirement on the relative isolation with pileup correction, based on the transverse
momentum of the charged hadrons, transverse energy of the neutral hadrons and
photons in a cone of R = 0.4 around the muon;

all selected leptons (¢) are required to have AR(4,y) > 0.4;

at least two jets in the event with pr > 25 GeV, || < 2.4, and AR(jet,y) > 0.4 and
AR(jet, £) > 0.4;

at least one of the jets in the event has to be identified as b jet according to the CSV
tagger medium requirement [28].

BDT,, output > —0.4. Too few events are available to optimise this selection for
signifiance, so this choice is made simply to remove most of the events with low
BDT,,, score.

¢ no leptons defined according to the leptonic tag;
e atleast five jets in the event with pt > 25 GeV and || < 2.4;

e atleast one of the jets in the event has to be identified as a b-jet according to the CSV

tagger medium requirement [28];

e a minimum value of BDT,,, output. The value is a compromise between significance
optimisation and the need of a minimum number of events to fit the background.

Diphoton MVA cut set0 0.5



Yields per event class : 12.9 fb!

; SM 125GeV Higgs boson expected signal Bk
Event Categories |t = 3 oo~ r T wh | A | @ % _— GevY)
Untagged Tag 0 | 11.92 |[79.10%|| 7.60% | 7.11% | 3.59% | 2.60% | 1.18 | 1.03 4.98
Untagged Tag 1 | 128.78 [|85.98 % || 738 % | 3.70% | 2.12% | 0.82% | 1.35 | 1.20 | 199.14
Untagged Tag 2 | 220.12 [|91.11 %|| 5.01% | 2.18% | 1.23% | 047 % | 1.70 | 1.47 | 670.44
Untagged Tag 3 | 258.50 ||92.35 %|| 423 % | 1.89% | 1.06% | 047 % | 2.44 | 2.17 | 1861.23
VBETag0 | 935 | 2947 % |69.97 % | 0.29% | 0.07% | 0.20% | 1.60 | 1.33 3.09
VBFTag1 | 1555 | 44.91% |53.50% || 0.86 % | 0.38% | _035% |1.71 | 1.40 | 2222
TTH Hadronic Tag | 242 | 16.78% | 1.28% | 252% | 2.39% [|77.02% | 1.39 | 1.21 1.12
TTH Leptonic Tag | 1.12 | 1.09% | 0.08% | 2.43% | 1.06 % ||95.34 % | 1.61 | 1.35 0.42
Total | 647.77 | 87.93% | 729% | 240% | 1.35% | 1.03% | 1.88 | 1.52 | 2762.65
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Systematic uncertainties

» Theory uncertainties (PDFs, aS, QCD scale, underlying event and parton shower,
H—>yy branching fraction)

» ggH contamination in VBF and ttH tagged categories
» Trigger efficiency, integrated luminosity, vertex efficiency, preselection

» Non-unformity of light collection, non-linearity, detector simulation, modeling
of the material budget, shower shape corrections

» Photon energy scale and resolution
> BDT, ID and per-photon energy resolution
» Jet energy scale and smearings

» b-tagging efficiency, gluon-splitting fraction, parton shower, ID efficiency for e
and p



Fiducial cross section : categorization

» Categorization: 3 mass
resolution categories

» Categorization is validated
on Z—>ee with electrons
reconstructed as photons

Events/0.0005
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Mass : Run 1 combination

ATLAS and CMS —e—i Total Stat. = Syst.
LHC Run 1 Total Stat. Syst.
ATLAS H—yy — i 126.02 + 0.51 ( £ 0.43 = 0.27) GeV
CMS H—yy ———— 124.70 + 0.34 ( = 0.31 + 0.15) GeV
ATLAS H—2Z -4l I - : 124,51+ 0.52 ( + 0.52 + 0.04) GeV
CMS H—ZZ—4l P | 125.59 + 045 ( = 0.42 = 0.17) GeV
ATLAS+CMS yy I-—EI—-l 125.07 £ 0.29 ( £ 0.25 + 0.14) GeV
ATLAS+CMS 41 I-_}E_' 125.15 + 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4l I-?—l 125.09 + 0.24 ( = 0.21 = 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I. | 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 126 126 127 128 129
m,, [GeV]
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