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Theoretical context

e The Higgs boson in the standard model (SM)
e« Why Higgs bosons beyond the SM

« Two Higgs doublet models (2HDM)

Search for a light Higgs boson in the diphoton channel : motivations

The CMS (Compact Muon Solenoid) detector
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Analysis Strategy

e Background

» Boosted Decision Trees (BDT)
e Analysis Steps and results
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The Higgs boson in the standard model (SM)

PROBLEM: HOwW TO GIVE A MASS TO THE Z AND W BOSON WITHOUT
BREAKING THE SM GAUGE INVARIANCE 7

1964 : Higgs, Englert & Brout, Hagen Guralnik and Kibble imagine a new solution :

— Introducing a new complex scalar field in the SM in a

« mexican hat » shaped potential

— Infinite number of minima => spontaneous symmetry breaking

Re(4)

— Generating mass term for Z and W bosons, for fermions via Yukawa couplings

— Prediction of a new particle : The Higgs Boson s pereees
O
21500__ 1

2012: discovery of a new boson at 125 GeV 1000

consistent with the SM Higgs boson in| H=yy, /%,/ (
o | ¢ Data

H—>ZZ, H->WW decay channels at 8 TeV at LHC. 2500- o B Fit Domponent

é :E;;z i 3
)

011]|1|||1111111|1|1|11{Jl
110 120 130 140 150

http://cms.web.cern.ch/news/observation-new-particle-mass-125-gev (G eV)



Why Higgs bosons beyond the SM

PROBLEM: THE SM IS NEVERTHELESS INCOMPLETE AND CANNOT ADRESS
SEVERAL ISSUES !

Neutrino

mass

coupling

unification

‘ Many indications that the SM is only a low-energy approximation

of a more global theory => Beyond SM theories




Two Higgs-doublet models (2HDM)

Two HIGGS-DOUBLET MODELS ARE SIMPLE EXTENSION OF THE SM WITH
AN ENRICHED SCALAR SECTOR

— Introduction of an additional scalar field => 2 doublet scalar fields (I)1 and <D2 in the
SM lagrangian (8 degrees of freedom).

— After symmetry breaking => Prediction of physical 5 states/Higgs Boson :

e Two CP-even bosons h and H 500 | |
Example of models
e One CP-odd boson A . )
AH* H,H* HH* AH*
e Two charged bosons H*and H°
POSSIBLE IDENTIFIED AS
% LIGHTER THE 125 GEV
% PARTICLE HIGGS BOSON
— 4 ways of couplings to quark S " 2
: v
and leptons => 4 types of models , , , —

125

k

— Different mass hierarchy O —VssMiike im2HDM im2HDM 2HDM 5



Search for a light Higgs boson in the diphoton channel

LEP 2003: historical motivation

— LEP combined results
(ALEPH DELPHI L3 OPAL)

Decay channel
« H—=> bb
e H TT

1-Cl ..a.s....a..f.u.nc..tl.g.n...gf..t.h.e...h.lggs...bg.s.g.n..,m.,,.ass

LEP

-

Excess of events above
2 o at ~ 98 GeV

2~ : @

—— Observed

T

=== Expected for signal plus backnmund e
* Expectedfnrhatkgmund T ——— o

2l 3y

||I.J|| III.lII.JlI

Physics Letters B 565 (2003) 61-75

L | = IR
80 85 9 95 100 105 110 115 120

m_(GeV/c’)



Search for a light Higgs boson in the diphoton channel

Signal strength

/ One of the 8 2HDM
: : . . parameters
Cross section x branching ratio h—>yy vfor type | model B rotates doublets in a basis

0.14 71 - where only one of them
Up to 100 fb L . 8TeV acquires a vacuum expectation
indirect and LEP constraints states to give mass-eigenstates.
B 0.1 indirect, LEP and LHC constraints
2
T 008
D:I
73} et e
= 0.06 PR BT
- TN 2HDM Type 1
0.04 AR SRR
0.02 "‘:+:'______N :
L SR -~ | Typical LHC sensitivity
GI - A oL I #a * I ﬂ
- 0.5 1

sin(p-ct)

G. Cacciapagia etal., JHEP 1612 (2016) 068

Model predictions surviving all the
theoretical and experimental constrains .




Search for a light Higgs boson in the diphoton channel

Signal strength
Cross section x branching ratio h—=>yy vfor type | model
0.14 — - -
Up to 100 fb BRI

LHC data could be sensitive

01

(pb)

to additional scalars

0.08

0.06

corresponding to some
combinations of 2HDM

parameters

OyvervHBRh . ¢

0.04

0.02 1 — o

sin(p-ct)

G. Cacciapagia etal., JHEP 1612 (2016) 068

Model predictions surviving all the Typical LHC sensitivity
theoretical and experimental constrains




Search for a light Higgs boson in the diphoton channel

LHC Run 1 (8 TeV)

— IPNL responsible for the low mass
(<110 GeV) search in the diphoton channel

In CMS

Why the diphoton channel ?

 Clear signature with two isolated
and highly energetic photons

e Excellent invariant mass resolution

— 2015 (8 TeV): 20 excess at 97.5 GeV (yy
channel)

SM Higgs boson decaying into 2 Pho_}ons
d |

Exclusion limit on higgs boson cross section
for different mass hypothesis

~ 0.25 CMS Preliminary {s=8 TeV L=19.7fb"'
E_; - Z Peak — Observed

Q [ \ B Expected = 1o
,,_fm} 0.2 === Expected + 20
> [ ]
T . slight excess
T 015+ / |
®
X
© 01

0.05

i..l..l.l.l.l. ..I.|.I.I.|..
f%!{] 85 90 95 100 105 110

L|..I..I.|.I.I.I.I.I.

[CMS PAS HIG-14-037 | m,, (GeV)
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CMS experiment and particle reconstruction

Stlieon -2 |
Trackar : 5

Electremagnatic
Calerimetar

Hadrom
Calorimeter

e MlUONY

Superconducting
Solenold

Electron

- ==+ Neutral hadron (e.g. neutron)

Iren return veks intersparsad

witth muen chambears

http://www.particlecentral.com/images/cms_slice.jpg

Charged hadron (e.g. pion)




CMS experiment and particle reconstruction

Eh@ﬁ@mm@m@ﬂﬂ% /
Calerimatar

Calorimeter EMMW@MMMWH .
Solenoid Iren return yels intsrs

wiith muen ehambears
-~ Cosmic Oyster Electron Charged hadron (e.qg. pion)
= ==+ Neutral hadron (e.g. neutron) -===«Photon

http://www.particlecentral.com/images/cms_slice.jpg

i a

chambers
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Analysis Strategy

Backgrounds

Composante Drell-Yan

(a) Born (b) Baox

Quarks - hadronisation - Jet

Composante réductible

it 4
|
EVAVANLY .
o W a g Jet—
et mn e
13 ol e

lf“- S,

LJ--} Jer-
y

Gamma-Jet Di-Jet
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Analysis Strategy

Analysis Steps overview

Diphoton vertex

Identification
Event

Reconstruction

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yylw- MMAMn

Diphoton Event

Categorisation ,. Background . .
~ irreducible background rejection and signal Statistical Analysis

Diphoton continuum modelisation

13



Analysis Strategy

Boosted decison trees (BDT)

-+ ANALYSIS PERFORMED USING MANY BDT : TOOLS ALLOWING TO ORDINATE
EVENTS IN MORE OR LESS SIGNAL-LIKE CATEGORIES.
How ?
discriminating variables Example
Converting a bunch of 8 sf 1 B
s b Photon quality variable g '
discriminating variables ¢ - {mpuision, /mass
Z4F , -
. . =t [ signal £
into a single one of Background
T T et e
3.5;
n BDT output variable .
i Signal
1.5;
s Background
0.5? ‘.|‘.\.%n. 14

e
-
.64
o

I\Illl\‘l I| 11 1 |
-06 -04 -02 0 0.2 0.4 0.6 0.8 1

Note du BDT




Analysis Strategy

Boosted decison trees (BDT)

Boosted = successive

How does it work ? trainings of trees to
\ Simulated Samples| | improve the classification

Separate events into 2 =
+— + + +
subsamples as T e

e .

homogeneous as possible variable 1 ?A variable 1> V\ discriminating

NE T

— S variables
N . e -
Varfabwmabfe 2<b :
| | + - I + + +
—— -] + ] |
- Signal IBackground ratio +

o BDT trained on simulated samples so it knows which event are signal or background

« Then applied to real data 15



Analysis Strategy

Analysis Steps overview

Diphoton vertex

Identification
Event

Reconstruction

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yylw- MMAMn

Diphoton Event

Categorisation ,. Background . .
~ irreducible background rejection and signal Statistical Analysis

Diphoton continuum modelisation
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Analysis Strategy

Diphoton trigger path :
transverse momentum,

mass, Isolation...

Diphoton vertex
Identification

Event

Reconstruction Measurement of

Photon energy

Photon

Identification

— reducible background rejection
n°,n - yylw- MMM

Diphoton Event

Categorisation
— irreducible background rejection
Diphoton continuum

Background A _
and signal Statistical Analysis

modelisation
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Analysis Strategy

Diphoton vertex

Identification
Event

Reconstruction

Trigger

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n-vyyl/w- AN

Diphoton Event

Categorisation ,. Background . A
— irreducible background rejection and signal

Diphoton continuum modelisation



Analysis Strategy : event reconstruction

Diphotgp vertex
Identification

Event

Reconstruction

Measurement of

Photon energy

v v

Photon energy Vertex ID
« Clustering the energy hits in the crystals o if the vertex assigned to the event stands
of the electromagnetic calorimeter (ECAL) within 1cm to the real diphoton interaction

point = Correct vertex assignement
e Energy corrected by Boosted Regression

Tree (same method as BDT but predicting the « Second BDT to estimate the probability for
value of a variable instead of classifying events) the vertex assignment to be correct (within 1
cm) /
/

KN

19




Analysis Strategy

Diphoton vertex

Identification
Event

Reconstruction

Trigger

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n-vyyl/w- AN

Diphoton Event

Categorisation ,. Background . A
— irreducible background rejection and signal

Diphoton continuum modelisation



Analysis Strategy

Trigger

similar to trigger
requirements, but

Diphoton vertex
Identification

Event

Reconstruction Measurement of

Photon energy

more stringent

Freseiection
— first background rejection

Photon

Identification

— reducible background rejection
n°,n - yylw- MMM

Diphoton Event

Categorisation
— irreducible background rejection
Diphoton continuum

Background A _
and signal Statistical Analysis

modelisation
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Analysis Strategy

Trigger

Event

Reconstruction

Diphoton vertex
Identification

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yy/ o- OMMN

Diphoton Event

Categorisation
— irreducible background rejection
Diphoton continuum

Background
and signal
modelisation

Statistical Anal

22



Analysis Strategy : Photon Identification

Photon

Identification

Photon ID Output variable

CMS 35.9 fo' (13 TeV)
ﬁ, E T T | T T ‘ T T T T ‘ E
g - 4 Data 3
E 7 i Simulation: B
%10 E H—yy (m] = 125 GeV)x10* =
> c e [ Total background + stat. uncert. E
e —— .
105 = --- “{-Jet fﬁfﬂ?
10° .|z
E I _':httn -’l"l"""-":'t.":'-.i E
104 e
i FR— i
10°¢ E
i 1 I,l 1 ] 1 1 1 1 ‘ 1 1 1 1 1 1 1 1 1 i

-1 -0.5 0 0.5 1
Photon identification BDT score

HIG-16-040

BACKGROUND-LIKE PHOTONS

SIGNAL-LIKE PHOTONS

reducible background rejection

)
(T - !
w a Y Jet
et n y
S =~
L’_‘. N =
Ly Jet
F
y
Gamma-Jet Di-Jet
Photon ID

« Reject fake photon candidates coming

from mesons produced in jets

e Discriminating variables :

isolation,

shower shape, kinematics variables...

« BDT Output variable
photon « quality »

= estimate the
23



Analysis Strategy

Trigger

Event

Reconstruction

Diphoton vertex
Identification

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yy/ o- OMMN

Diphoton Event

Categorisation
— irreducible background rejection
Diphoton continuum

Background
and signal
modelisation

Statistical Anal
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Analysis Strategy

P Diphoton vertex
Identification

Event
Reconstruction

Trigger
Measurement of

g’ Photon energy

Photon
Identification

— reducible background rejection
n°,n - yylw- MMM

Background A _
and signal Statistical Analysis

modelisation
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Analysis Strategy : Diphoton event Selection

Diphoton Event

Selection

irreducible background rejection J

Diphoton BDT Output variable

Variable de sortie du BDT

= [ ] signal 125 Gev
~{[_] Bruit standard

(1/N)dN/dx
'Y
wm

Diphoton BDT
e Reject diphoton candidates from

physical processes with 2 photons in
the final state

0.6
Note du BDT

0.8 1

« Discriminating variables : PhotonlD,
5 \ invariant mass resolution, kinematic
ACKGROUND-LIKE EVENTS
variables

SIGNAL-LIKE EVENTS

« BDT Output variable = estimate the

diphoton event « quality » 26



Analysis Strategy : Diphoton event categorisation

Diphoton Event

Categorisation

Diphoton BDT Output variable

Optimize the significance

5 4 CATEGORIES [ ] Signal 125 Gev
5_ 4.5 “{[] Bruit standard
£ . i i i
= 4 . 1 1 1
' [ | [ | [ |
REJECTED |, 1 1 1
| [ | |
|
- 1 | 1 1
251 . 1 o 1
1 | | |
21— . | | | 1
. [ | [ | [ |
1.5 . i i “i
1 1 ! !
|
= |
05— .
— | b J
T L1 | IR | m L1 L m 1 [ | n_h
071 -08 08 -04 -02 0 0.2 0.4 0.6 0.8
Note du BDT

- sromu/eke naoIIEE]D>

<4

.

e Set boundaries on the output variable
distribution to form categories with
different signal /background ratio

« number of categories and boundarie
optimized to maximize the expected
significance

Expected significance vs number of categories

—[ CMS-AN 2017-036 : Analyse standard | M —
= | | r | { num;ber of;categci)ries

||L|2‘511||a||||3.5|| 4IIJI4‘5 -5 - 55 ) 6 -



Analysis Strategy

P Diphoton vertex
Identification

Event
Reconstruction

Trigger
Measurement of

g’ Photon energy

Photon
Identification

— reducible background rejection
n°,n - yylw- MMM

Background A _
and signal Statistical Analysis

modelisation
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Analysis Strategy

Diphoton vertex

Identification
Event

Reconstruction

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yylw- MMM

Diphoton Event

Categorisation  a
— irreducible background rejection
Diphoton continuum

Statistical Analysis
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Analysis Strategy : background and signal modelisation

Background and

signal modelisation ¢
Signal ¢ Background
e Parametric model extracted from e Drell-Yan Parametric model extracted
simulation : H— yy standard samples for from simulation : Z—e*e’

different higgs masses. e Continuum background extracted from

CMS Simulation Preliminary 13 TeV data
% : L B B | I LI L L | LI | LI I | I L | LI L I LI I: CMS Prel”mrna!y 35-9 fb-1 (1 STGV)
¢ 160 H-yy All classes 3 000ET T~ . ; | 5
o) C ] < 8000F —¢— Data -
° i % Simulation B 2 7000F- —— BigFi =
2 120 - & 6000F- PRELLZVAN 1 s =
0 C Parametric ] 5000 - 20 =
( 100 — model k — 40002_ 1« — H— vy (m, =90 GeV) _;
80 . 3000f- 3
- —— 0, =149GeV . 2000F- 3
60 - E 1000;— H=YY | contmvvum | g ;
T FWHM=273GeV ] S | sl
40 — ] w 3
- - E =
20 = £ ]
C . &
Q et et b et e <
70 75 80 85 90 95 100 105 s
1]
ks

CMs HIG-17-013 m'f’l' (GE.‘V)

12
CMs HIG-17-013 my, (Gev) 30




Analysis Strategy

Diphoton vertex

Identification
Event

Reconstruction

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yylw- MMM

Diphoton Event

Categorisation  a
— irreducible background rejection
Diphoton continuum

Statistical Analysis
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Analysis Strategy

«mmlmﬁl Trigger mw»

Event

Reconstruction

Diphoton vertex
Identification

Measurement of
Photon energy

Photon

Identification
— reducible background rejection
n°,n - yylw- MMM

Diphoton Event

Categorisation
— irreducible background rejection
Diphoton continuum

Background
and signal
modelisation

Statistical Analysis

32



Analysis Strategy : Statistical Analysis

—— " Signal extracted from background
tatistical Sl > by fitting the observed di-photon

Mass distributions in each

category

di-photon Mass distributions weighted by categories

CMS Preiiminary 35.9 fo' (13 TeV)
> UL EEUAELERLELES L L DL DL
@ 45000 H — =
o " + Data E
3 40000 — S+B it E o Fitting LHC data with Signal+background
§3000, e B component
i 30000 [ Raly N model
B 25000 Bl +2o =
= C ] .
220000 = e Substracting background component to
= 15000 =
@10000% E data
£ s000F =
2 ) S I R B P S
wol B component subfracted - slight excess at 95.3 GeV
200
D_
-200F-
—400 -
70 80 90 100 110 120
CMs  HIG-17-013 my, (GeV)
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Analysis Strategy : Statistical Analysis

Statistical analysis

Exclusion limit on higgs boson cross section
for different mass hypoyhesis

CMS Preliminary

35.9fb" (13 TeV)

— _IIII]IIII|IIII|IIII|IIII|IIIIIIIIIIIIII

—— Observed

8 02FHoyy
k

cL
=
®

III|II

Z PEAK

| OBSERVED LIMIT

Expected + 1o
Expected + 20

AIIIIIIIIIlIIIl

e
o
-
N
e
A
“A

EXCESS

70 75 80

85 90

CMs HIG-17-013

95

100 105 110
m, (GeV)

Signal extracted from background
by fitting the observed di-photon

Mass distributions in each
category

:

Exclusion limit
e For each mass hypothesis = set limits on

H— yy cross section with 95 % confident
level

e Compare limits: observed limit consistent
with the expected one

e =>2.9 0 slight excess at 95.3 GeV

EXPECTED LIMIT

FOR BACKGROUND

ONLY HYPOTHESIS
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Analysis Strategy : Statistical Analysis

Statistical analysis >

Local p-value section for different mass hypoyhesis

'(8TeV)+ 359" (13 TeV)

: CMS Preliminary 19.7 b

Signal extracted from background
by fitting the observed di-photon
Mass distributions in each
category

E b N~ 10
o 107l - )
E, P frpreesessnsesssennnncnsens 22 O
(a1 10 N
TR e e 30
Q : '
(@] 10 4 ‘-"‘-‘-l‘n .".: .
R S 8 TeV: Excess with ~2¢ local
10 significance at m, = 97.6 GeV
_B -
10 . = 50
13 TeV: Excess with ~2.90
local (1.47 global) "
significance at m,=95.3 GeV |....... RS 6o
10_"} —— Observed 13 TeV ) ;
——— Observed 8 TeV + 13 TeV
2 [0 L S— Expected 8 TeV
------- Expected 13 TeV
102 ... Exﬁzcmeu 3Te3+ 13 TeV
10_13 11 11 | | | 1 | | 1 11 1 | | 1 11 | 11 1 | | 11 1 1
80 85 90 95 100 105 110

m,, (GeV)

CMs HIG-17-013

:

Exclusion limit

e For each mass hypothesis = set limits on

H— yy cross section with 95 % confident

level

e Compare limits: observed limit consistent

with the expected one

e =>2.9 0 slight excess at 95.3 GeV

35



Conclusion

» LHC data are sensitive to some theoretical models (2HDM, NMSSM...)
e Results of the CMS H = yy analysis have been reported, using 35.9 fb -1 of
collision data collected in 2016 at 13 TeV

« New data collected in 2017 — more statistics and better sensitivity to

constrain models and to confirm or not the 2016 excess.

36
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2HDM types

The different possible couplings between the SM fermions and the two
scalar doublets in 2HDMs.

Type 1 | Type Il | Flipped | Lepton Specific
v | (Type Y) (Type X)

Up-type quark P2 P2 ) @2
Down-type quark Do o1 d1 b0
Lept.ons @9 o1 D2 01

All fermions of a given electric charge couple to at most one Higgs
doublet. These couplings can occur in different ways

38



Signal Strength

CMS Preiiminary 19.7 fb" (8 TeV) + 359 fb™ (13TeV)
I I | 1 1 I I | . I I I I I I I I | I I I I | I I I I | I I I 1
Hoyy . :
= : . Combined + 1o __
8TeV Class3 | 0.8 *;; [ {
[ : H EE®R M=HSM I
8TeV Class2 | 1.5
. ]
B d | +0.2 T
L] —
8TeV Class1 | -0.4 :13) " H combined = 0.6 -0.2
: L]
Bk o = m, = 95.3 GeV -
8TeV Class0 | 0.17% .
| " =
13TeV Class2 | 1.4 _+11_'§’
- : —
13TeV Class 1 | 1.5 77 i
— . a—
L]
13TeV Class0 | 0.4 »
1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 | | 1 1 1 I 1 1 1 1
=5 0 9) 10 15 20 25

i



PhotonID : photon identification

GOAL

REJECT REDUCIBLE BACKGROUND

Discriminating variables :

o Shower shape variables

« Isolation variables

=> a fake photon is not isolated since it
isinajet

o Maedian Energy density

Data events / 0.02

BDT ouput = score obtained by fake
photons and prompts photons for data

and simulation

19.7 fb' (8 TeV)

x10°

80 —

60 —

CMS

— H— 77 (m =125 GeV) :

¢ Data
£ MC background
— Y-y

prompt photons

0 0.2 0.
Photon ID BDT score

20

10

4

Z0°0/SIUdATS | H



VertexID: vertex identification

GOAL : IDENTIFY DIPHOTON VERTEX INTERACTION

Discriminating variables : Second BDT = to estimate the probability for the
e Observables related to tracks recoiling vertex assignment to be within 1 cm
against the diphoton system 1cm —(negligible impact on mass resolution)
o direction of conversion tracks L
ts, by
‘dated Onz_;p,ueven )
i Method Va\‘gies ignoring the muon tracks

refitting ver

i q CMS svevation Pralnngry 13 TeV
E L 2! :-'I-':-'I"l'"-'EEGE'n"II . -1
= 1_ Data PU scensrio (35.8 1) CMS Preliminary 27" (13 TeV)
i‘ i 0.25- Z
08 i
' - €y ™ 80% 02[{ Misassigned vertex |
g 0.8f [
N E _+,_ True vertes efficency - [ Misassigned vertex : dat
e 0.7 019 [ \Misassigned vertex : sim| Correct vertex
5 i - Avarage verax probabilty C
= i
E ':l-E' 0.1
L - _
I T T - PN T N S T TR T T - -
°% 50 100 180 200 250 vosk
Pl (GeV) ¥ . _
CMS-PAS-HIG-16-040 - R e 11
'D ___:.-

[1] o1 02 03 04 05 06 07 08 09 1
Vertex probability estimate



Variables discriminantes du BDT diphoton : cas standard

Impral vanable: badpiom Impart warlabée: sublsadplom Input variable: lhadmva

[1/M} g/ 0,019

(1M} M0 0401
(1) aN  DLDIBE

b B 8 (B Sdre  BA 6O
D R PR, BT AL O
e B E 2 1B B RO B

04 08 08 1T 12 14 168 18 n-ﬂl-ﬂ.!-ﬂ.l 02 © 02 04 08 08 1

lmadpiom

Input vanable: subleadmya Impar wariabin: leaceta Input variable: sublpsdota
] = ]

e

{144} AN 0.931
{1 a0

(17N} dM/ DU04BE

T T T
fhow [0 (B8 B8 BA A8

08 -06-0.8-02 @ 02 04 Q6 0B 1
subieddrya

FIGURE 26 — distribution des événements pour le signal (en bleu) et le bruit de fond (en
rouge) pour 'ensemble des variables discriminantes du BDT diphoton : cas standard.



Variables discriminantes du BDT diphoton : cas standard

Impa! wariabde: sigmary Input variable: sigmasy Impu varsable: CosPhi
: i e T T T -
1o ] 0 = ]
g | g : ;
s 120 :E o [ E = _!
3 o i g - {2 i
€ w 1§ £ = E = 1§
il 1= - - q=
o i : i
“ § w : 1
2 :g 10 ! —_!
] := a ] § _..:
002 o004 OD6 008 G101 Qi Ql4 Qs 002 004 008 008 01 092 004 008 [ [-X] [
Es)ry e L Coos Py

Impad variabda: viaprob

(1AM} NP 0222

O (R0 LB DB (LD, BT

winpiah

FIGURE 27 — distribution des événements pour le signal (en bleu) et le bruit de fond (en
rouge) pour I'ensemble des variables diseriminantes du BDT diphoton : cas standard.




Présélection standard

Preselection des photons

Rg | HfE E';,W Iph Iﬂ-:
[0.5,0.85] | <0.08 | <0.015 | <4.0 | <6.0
> 0.85 | <0.08 - - -
0.8,0.90] | <0.08 | <0035 | <40 | <60
> 0.90 < 0.086 - — -

Barrel

Endcaps

Chemins de déclenchement
Trigger selection for HLT _Diphoton30_18_R91d_OR _IsoCalold_ AND_HE_R91d _Mass9(.

H/E Tiyin (9%5) | Rg (5x5) ECAL PF cluster iso. | Track iso.
EB; Ry > 085 | <0.12 - > 05 - - k
EB; Ry <085 | <012 | <0015 | > 05 < (60+0012E7) | < (6.0+ 0.002E7)
EE; Ry =090 | < 0.1 - = 0B - -
EE; Ry <090 | < 0.1 < 0.035 > (0.8 < (6.0 +0.012E;) < (6.0+ 0.002E1)
Other trigger requirements
HLT seeded Er > 30GeV | HLT unseeded E1 > 18 GeV Moy > 90 GeV




Présélection basse masse

Tahle 6: Preselection cuts.

RS (5x5)

HoE

i (5x5)pfPholsoTrackerlso

Both photons in barrel

Barrel

> 0.5

< 0.07

< 0.0105

< 4 GeV

< 6 GeV

At least one in endcap

Barrel

> 0.85

< 0.07

< 0.0105

< 4 GeV

< 6 GeV

At least one in endcap

Endcap

> 0.9

< 0.035

< 0.0275

< 4 GeV

< 6 GeV

HLT. DlpthDHBUPV 18PV _R91d _AND IsoCalold AND_HE R91d _DoublePixelVeto Mass55_v7

Et Low Rg > | H/E < | highRg > "rlr.'-'?.r < | ECAL PF cluster iso < | Track iso<
Seeded leg .
Photons in EB | 30 GeV 0.5 0.1 0.85 0.015 | 6.0+ 0.12E¢ -
Photons in EE | 30 GeV 0.8 0.1 k‘- 0.9 0.035 6.0 + 0.12E+ -
Unseeded leg
| Photons in EB | 18 GeV 0.5 A 0.85 0.015 6.0+ 0.12E7 B+0.002E+
Photons in EE | 18 GeV 0.8 [ 0.1 0.9 0.035 6.0 + 0.12E¢ 6+0.002E¢
Other trigger requirements
Pixel veto | Mo > 35 GeV

HLT-Diphc&BnSDEB_] 8EB_R9Id_OR IsoCalold AND_HE _R9Id_DoublePixelVeto_Mass55_v7

Et Low Rg > | H/E < | high Re > | gy < | ECAL PF clusteriso < | Trackiso <
Seeded leg | 30 GeV 0.5 0.1 0.85 0.015 6.0 + 0.12E7 -
Unseeded leg | 18 GeV 0.5 0.1 0.85 0.015 6.0+ 0.12E7 6+0.002ET
Other trigger requirements
Pixel veto My > 55 GeV
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