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é; Introduction i
%@ We found one Higgs (-Englert-Brout) boson ) :
inn012012ée. 20
@ For the moment, compatible, within = b

uncertainties, with that offhe $idneard Sibdalin. c:
@ Why should we look for others?
%@ A second Higgs boson©&

Evidence for physics
beyond the Standard
Model!
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Outline Q@

% Based on recent searches for additional low-mass (m<125 GeV) Higgs boson-like

resonances in diphotons from the ATLAS and CMS collaborations at the CERN LHC:

CMS-PAS-HIG-20-002 http://cms-results.web.cern.ch/cms-results/public-results/preliminary-
results/HIG-20-002/ (March 2023)

ATLAS-CONF-2023-035 https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/CONFNOTES/ATLAS-
CONF-2023-035/ (June 2023)

& Motivations and detectors

General analysis strategy

Presentation of Results: ATLAS vs. CMS

Triggering and search zone

Photon ldentification

Event selection & Classification

Signal modeling

Background Modeling

Systematic Uncertainties

Results Cartoon credit: L. Finco . . :
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/

Motiva

7 Final LEP' SM Higgs beson search results: >2s
excess at mH=98 GeV. Has contributed to sustained
Interest by both theorests and experimentalists inithe

possibility of addltlonal [ WEFEISS (pseudo ) scalars
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or low-mass diphoton searches

z Many BSM models allow a resenance with m<1.25
GeV coexisting with the Higgs beson discovered in
2012 GeV (generalized 2HDM, NMSSM, 2HDM+S,
Vector Dark Matter, Minimal Dilaton, Scotogenic € )
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A Cartoon credit: L. Finco
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A Search for a narrow signal peak over a smoetalyng background
A Lower limit of search range limited by triggering capabilities
A Relicdielectrond diphotonbackground fronZA ee, decreased sensitivity aroumd,

Alnherit many analysis elements frastandardHA g ganalysis (photon and event
reconstruction/selection, signal modeling and part of background modeling techniques..)
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Triggering:and-searchzone @

CMS-PAS-HIG-20-002
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s 4 Photon!ldentification %
CMS-PAS-HIG-20-002
Agighkt reducéjble LM smem'aTey ATLAS-CONF-2023-035
frﬁfn %r(')oun  mostly %107 ' gs:‘z'a“"”i_mm . ﬁ A Cutbased shower shape criteria
APhoton ID BDT: shower [/, ™= ﬁ;’f’bé"lpg‘md et uncen ACuPb_ase_d calc_)rimeter ar_1d |
SKF LSS WL I\Iﬂa ,.GLSQ?J-; Tf 2 ﬂ;ﬁfﬂ‘ tracking isolation sum criteria

Isolation sums i
(photon, charged 10°
hadron),energy E
densitycoeff r, h

A Photon conversion identification:
Association with 2 conversien
compatible tracks or 1 track with
no hit in innermost layer of inner

A Minimum score ool tracking detector

required, otherwise
score input to _ =
diphotonBDT (nex@&ffss 11(2b1’8>f Photon identification BDT score
slide) S

A Veto photon A Both experiments correct isolation sums for pileup
candidates associated and underlyingevent contributions.

with at least 2 pixel
deteCtor hltS S. GascofShotkin, Seminar imperial College l.ondoiMay 15, 2024
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2 Fightingthe relicZA>ee d:l <O

CMS Simulation Preliminary 2018

w 12
5 Cartoon credit: L. Finco ABlggeSt % )
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Events

TLAS

EXPERIMENT

Cartoon credit: L. Finco

ABiggest
challenge:
misidentified
ZA eepairs

110
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A Object BDEcore>0.2 for both
candidates, targets CC case In
particular

AModel-dependent case:
Also object BDA categoryBDT

80 0

S. GascorBhotkin, Seminar/ Imperial College .ondoMay 15, 2024
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CMS : n : _ _ " gm - L _. $
.~ BEvent:selection. & Classification L
ATLAS-CONF-2023-035 S
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B E ackgroun M= e o C
D 9 s r [0 jet jet B oo+ S 015F E
f 2 bOth PhotonID >106=g [ v jet I VBF 2 -
c VH £ o1b ]
B DT?UtPUtS Mass 10° i m; stat. unc. % tH o 1:
resolutionwrt 0.05- E
correct and 10° 0fF—— 4‘

Diphoton BDT Score

AModelkindependent case3 classes,
conversion status (UU,UC,CC)
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CMS

Signalhmodeling

CMS Simulation Preliminary 2016 CMS Simulation Preliminary 2017
LI | LR | T 177 | 1T 171 | 1T 11 ‘ 1T T 1 | LI > LI | L | T 177 | L | T 11 ‘ L | L

] 120 -

120 H— vy Aliclasses 4 & L H-yy All classes -

B 1 o T ]

100 = 4%* Simulation ] S 100~ 4%* Simulation 7]

i ] @2 i i

- a : [ |

80 Parametric ] o 80— Parametric ]

= model - ] B model ]

60 — _‘ 60 — _'

I o, =1.50 GeV ] - o, = 1.60 GeV .

40 - ] 40 n

L FWHM=2.83 GeV ] - FWHM =3.17 GeV .

20~ _ o0 N

0 ; h—!—rh—l_:_L—\ = | o IR A B R e === Lo ; I e !—. :
70 75 80 85 90 95 100 105 70 75 80 85 90 95 100 105

m,, (GeV) m,, (GeV)

A Signal model: Sums of Gaussian functions
AMC ggHttbarH, VBF, VH production processes prese@MLINE LJ2 NSMAKaY ol W

LHC Higgs WG
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A Signal model: Double Crystal Ball (DCB) function (UU, CC shown)

AMC ggH production process nominal, ttbarH, VBF, VH processes used for systematic uncertain

eStImatlon S. GascorBhotkin, Seminar/imperial College lrondoMay 15, 2024



CMS. | CMS-PAS-HIG-20-002

Background/Modeling

ABackground Model: Sum CMS Simulation Preliminary 13TeV _  CMSrommay 363 fo (13TeV)
of polynomial (chosen 33505 Casso | & B Class0 ¢ o E
. o — R & - . i
from 4 families) + double: N 13 | kg :
Crystal Ball (DCB) + £t & eop e E
exponential function for @ *°F 00 R
relicZA ee 200E b E
ADCB: shape parameters [ arf -
FNRBY a/ TWRSdt -~ Ho |
events, syst. uncertainty *°F E— | ‘
TNRBY 'cpaAﬁﬂf S@SX/U |éz| | L -é 285: + %
normalization floating = b, b oot ETTRT ¢
i ¥ '}{'g IR t g = + !
A Chosen polynomials: 78 % 100 i ko - IR |
vent class " My (GeV)
5016t 1 Family /Order Power Law(l) Bernsteinﬁll Exponentialé =
DCB + Exp. Fraction (%) 3.0 3.1 3.3
2017 Family /Order Bernstein 3 Exponential 3 Bernstein 4 Bernstein 3
DCB + Exp. Fraction (%) 2.7 14 1.9 2.6
2018 Family/Order Laurent 1 Bernstein4 Exponential 3 Bernstein 2
DCB + Exp. Fraction (%) 0.5 4.1 4.8 0.8 15
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CMS CMS-PAS-HIG-20-002

Background/Modeling

ABaCkground Model: Sum . CMS Prolminary I4|1.5lﬂol-1 |(1I3ITIe\|/Z 100CMS Profminary ‘415 .fb.-1|(1-3‘T'e\'/
of polynomial (chosen 1000 Ciass 0 ¢ ous . VBF Class
from 4 families) + double
Crystal Ball (DCB) + _
exponential function for 6001~
relicZA ee P

ADCB: shape parameters
TNRY a/-TWRBc
events, syst. uncertainty
FTNRY @PHAPDE !
normalization floating

~—

® Data

Bkg fit
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Data - best-fit model

A Choice of background function is discrete parameter in |h fit to data, systematic error associated
SFOK L}2aaArAofS OK2A0S ORA&AONBGS LINRPFAfAY3I 2
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Background/Modeling

-1 reliminar 4 fb
A Background Model: Sumz zoooCMga:'g'”aTy A B 14OQM\?B';£:'|AS£ O 'ij4'fb' ARsar
of polynomial (chosen & e R s . (——
from 4 families) + double § " — . } e
Crystal Ball (DCB) + " 00 20 I 20 7
exponential function for 100 = 1Y, = 90 Gev) x 10 o —— Homr(m, =0 Gev)x 103
i 800 60 ]
relicZA ee o ok E
ADCB: shape parameters o oE H o>y ;
FTNREY a/ -TWRS = T
events, syst. uncertainty s 3 T
TNREY Paj)gat t g or
normalization floating % 2
S —70 80 %0 10 110 120 O
m,, (GeV)

A Choice of background function is discrete parameter in |h fit to data, systematic error associated
SFOK L}2aaArAofS OK2A0S ORA&AONBGS LINRPFAfAY3I 2
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Background/Modeling

ATLAS-CONF-2023-035
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ABackground Modepolynomial - £ syt T s,
(chosen from Bernstein and 2 " =13 Tev - oo 5 "F ®-13Tev e ]
exponentials of polynomials) +  ge= zoee oty Z0 BoapZoe ~JL e ]
double Crystal Ball (DCB) functio - i1 1 o i ] .
for relicZA ee component oo ;-; 1 e i*j ty -

A DCB shape: Transformation "o T 1 P ;
(Smirnov on ) applied to " ty i E s f :. E
generic Zee ME@ventsh match o0 +ﬁ--? F - E 002 e sy E
WR 2 daikd MC events, resulting 5= f—g—g——d—ao=, N e TR, ]
template fit to Zee data to Rk — nvariant Mass (Gev]
extract shape parameters E AT e T

< 0.12f 's=8TeVjLat=20 = P,=Ney/Nee

A DCB normalization fixed from b Converted » e !
fake rates g ee pairs) in Zee ® sosf PRULI171801 (2014)
Gt frg_ip ach s o —

0.04]- 1t } e +++H H%
0.02— + *
T R R L1:00' O 120 18
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Background/Modeling

A Background Model:
polynomial (chosen
from Bernstein and
exponentials of
polynomials) + double
Crystal Ball (DCB)
function for relicZA ee
component

A Choserpolynomials:
Exponential of 3d or
4"-order polynomial
except formodek
independentUC (&
order Bernstein) ,
fitted on data with
normalization and
function parameters
free

CC

BDT Category  Component Events [%] Events [%] Events [%)]
vy 423746 71.5 331118 67.0 64521 57.3

Bin 1 vi 124037 20.9 118863 24.1 33610 299
1i 40357 6.8 35958 7.2 9217 8.2

DY 4263 0.7 8289 1.7 5255 4.6

vy 379797 747 279785 69.7 55632 64.5

Bin 2 Y] 102841 20.2 96895 24.1 23029 26.7
1 24437 4.8 22205 5.5 6037 7.0

DY 1473 03 2761 07 1577 1.8

vy 205134 80.3 153411 73.5 30061 66.6

Bin 3 vi 42662 16.7 45750 219 11808 26.2
i 6897 2.7 8395 4.0 2479 5.5

DY 486 0.2 1160 0.6 758 1.7

A Choose model with smallest
spurious signal in
signal+backgrountit to build
backgroundonly template with

components from MC; fractions
determined from a 2D sideband

method (developed fodiphoton
Xsmeasurements)(aussian
pProcess regression smoothimng)

limit fluctuations

C GaccoRhotkin Seminar imberial Colleae I ondomdav 15 2024
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