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Introduction
We found one Higgs (-Englert-Brout) boson 

in 2012é.

For the moment, compatible, within

uncertainties, with that of the Standard Modelé

Why should we look for others?

A second Higgs bosonČ

Evidence for physics 

beyond the  Standard                                                   

Model!                                                        
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Outline
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)
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Motivation for low-mass diphoton searches
Final LEP SM Higgs boson search results: >2s 

excess at mH= 98 GeV. Has contributed to sustained 

interest by both theorests and experimentalists in the 

possibility of additional low-mass (pseudo-) scalars
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LEPHWG, Phys. Lett. B565:61-75,2003

Many BSM models allow a resonance with m<125 

GeV coexisting with the Higgs boson discovered in 

2012 GeV (generalized 2HDM, NMSSM, 2HDM+S, 

Vector Dark Matter, Minimal Dilaton, Scotogenic é)

Biekoetter, Heinemeyer, Weiglein PLB 846 (2023) 138217
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Detectors and dataé.
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LHC Run 2
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General Analysis Strategy: Std. vs low-mass HĄgg analysis
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ÅSearch for a narrow signal peak over a smoothly-falling background 

ÅLower limit of search range limited by triggering capabilities

ÅRelic dielectronĄdiphotonbackground from ZĄee, decreased sensitivity around mZ

ÅInherit many analysis elements  from standard HĄgganalysis (photon and event 
reconstruction/selection, signal modeling and part of background modeling techniques..)

JHEP 07 (2021) 027
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Presentation of Results
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CMS-PAS-HIG-20-002

ÅCMS:  Limits on totalsH X Bwith 
production modes combined as in SM

ÅAlsoassuming 100% production via 
certain (groups of) processes

ATLAS-CONF-2023-035

ÅάaƻŘŜƭ-ƛƴŘŜǇŜƴŘŜƴǘέΥLimits 
on  sfid X B with ggF nominal 
signal, uncertainty envelopes 
from other processes

ÅάaƻŘŜƭ-ŘŜǇŜƴŘŜƴǘέΥ  
Limits on  sH X B,
obtained from sfid via 

AH CH between 0.13Ą0.2 
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Triggering and search zone
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ÅpTg>{30,18} GeV, requirements on ratio of 
hadronic/electromagnetic energy, veto if hits 
in pixel detector (except 2018), EM shower 
shape and isolation energy requirements, 
mgg>55 GeV (except 2018)Čsearch zone: 
70 GeV<mh<110 GeV 

CMS PAS HIG-17-013

Å2016-2017: pTg>{20,20} then >{22,22}  then >{20,20} GeV

ÅRequirements on EM shower shape, then isolation energy (2017) 

ÅSearch zone:  66 GeV<mh <110 GeV

CMS-PAS-HIG-20-002

ATLAS-CONF-2023-035
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Photon Identification
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ÅCut-based shower shape criteria

ÅCut-based calorimeter and 
tracking isolation sum criteria

ÅPhoton conversion identification: 
Association with 2 conversion-
compatible tracks or 1 track with 
no hit in innermost layer of inner 
tracking detector

ÅFight reducible 
background, mostly 
fromp0

ÅPhoton ID BDT: shower 
ǎƘŀǇŜΣ ΨǇŀǊǘƛŎƭŜ ŦƭƻǿΩ 
isolation sums 
(photon, charged 
hadron), energy-
density coeff.  r, h

ÅMinimum score 
required, otherwise 
score input to 
diphotonBDT (next 
slide)

ÅVeto photon 
candidates associated 
with at least 2 pixel 
detector hits 

ÅBoth experiments correct isolation sums for pileup 
and underlying-event contributions. 

JHEP 11 (2018) 185
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Fightingthe relic ZĄeeōŀŎƪƎǊƻǳƴŘΧΦΦ
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ÅBiggest 
challenge:  
misidentified 
ZĄeepairs

CMS-PAS-HIG-20-002

Cartoon credit: L. Finco

ÅVeto g candidates also 
reconstructed as e (single hit in 1st

pixel layer)

ÅVeto tracks late or missed by pixel 
detector, but spare boosted events 
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Fighting the relic ZĄeeōŀŎƪƎǊƻǳƴŘΧ
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ÅBiggest 
challenge:  
misidentified 
ZĄeepairs

ATLAS-CONF-2023-035 

Cartoon credit: L. Finco

ÅKinematicalobject BDT w/ track and conversion 
variables ( if also reconstructedas e)

ÅObject BDTscore>0.2 for both 
candidates, targets CC case in 
particular

ÅModel-dependent case:             
Also object BDTĄ categoryBDT 

S. Gascon-Shotkin, Seminar Imperial College London, May 15, 2024

ggH
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Event selection & Classification
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Å3 inclusive classes in diphotonBDTҌ м Ψ±.CΩ Ŏƭŀǎǎ όнлмт-
2018) for events w/additional jets, via combinedBDT, 
ƛƴǇǳǘǎΥ άdijetέ .5¢Σ diphotonBDT, pT/m gg

ÅModel-independent case:  3 classes, 
conversion status (UU,UC,CC)

JHEP 11 (2018) 185

ÅDiphoton BDT: 
pt/mgg, h , cos(f1-
f2), both PhotonID
BDT outputs, mass 
resolution wrt
correct and 
incorrect vertices, 
vertex probability

ÅModel-dependent case: object BDTĄ
categoryBDT,Ƴƻǎǘ Ψ/a{Ω ǾŀǊƛŀōƭŜǎ Ҍ 
minimum and both objectBDTscores 

Å{UU,UC,CC}X{categoryBDT}Č6 
classes

CMS-PAS-HIG-20-002
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Signal modeling

ÅSignal model:  Sums of Gaussian functions 

ÅMC ggH, ttbarH, VBF, VH production processes present in SM ǇǊƻǇƻǊǘƛƻƴǎΣ ΨSM-likeΩ sfrom 
LHC Higgs WG

CMS-PAS-HIG-20-002
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ÅSignal model: Double Crystal Ball (DCB) function (UU, CC shown)

ÅMC ggH production process nominal,  ttbarH, VBF, VH processes used for systematic uncertainty 
estimation

Signal modeling ATLAS-CONF-2023-035
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Background Modeling
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ÅBackground Model:  Sum 
of polynomial (chosen 
from 4 families) + double 
Crystal Ball (DCB) + 
exponential function for 
relic ZĄee

ÅDCB: shape parameters 
ŦǊƻƳ a/ ΨŘƻǳōƭŜ-ŦŀƪŜΩ 
events, syst. uncertainty 
ŦǊƻƳ ΨǎƛƴƎƭŜ-ŦŀƪŜΩ ŜǾŜƴǘǎΣ 
normalization floating

CMS PAS HIG-17-013

Å Chosen polynomials: 

CMS-PAS-HIG-20-002
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Background Modeling
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ÅChoice of background function is discrete parameter in lh fit to data, systematic error associated with 
ŜŀŎƘ ǇƻǎǎƛōƭŜ ŎƘƻƛŎŜ όŘƛǎŎǊŜǘŜ ǇǊƻŦƛƭƛƴƎ ƻǊ ΨŜƴǾŜƭƻǇŜΩ ƳŜǘƘƻŘύ 

ÅBackground Model:  Sum 
of polynomial (chosen 
from 4 families) + double 
Crystal Ball (DCB) + 
exponential function for 
relic ZĄee

ÅDCB: shape parameters 
ŦǊƻƳ a/ ΨŘƻǳōƭŜ-ŦŀƪŜΩ 
events, syst. uncertainty 
ŦǊƻƳ ΨǎƛƴƎƭŜ-ŦŀƪŜΩ ŜǾŜƴǘǎΣ 
normalization floating

CMS-PAS-HIG-20-002
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Background Modeling
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ÅBackground Model:  Sum 
of polynomial (chosen 
from 4 families) + double 
Crystal Ball (DCB) + 
exponential function for 
relic ZĄee

ÅDCB: shape parameters 
ŦǊƻƳ a/ ΨŘƻǳōƭŜ-ŦŀƪŜΩ 
events, syst. uncertainty 
ŦǊƻƳ ΨǎƛƴƎƭŜ-ŦŀƪŜΩ ŜǾŜƴǘǎΣ 
normalization floating

ÅChoice of background function is discrete parameter in lh fit to data, systematic error associated with 
ŜŀŎƘ ǇƻǎǎƛōƭŜ ŎƘƻƛŎŜ όŘƛǎŎǊŜǘŜ ǇǊƻŦƛƭƛƴƎ ƻǊ ΨŜƴǾŜƭƻǇŜΩ ƳŜǘƘƻŘύ 
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Background Modeling
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ÅBackground Model: polynomial 
(chosen from Bernstein and 
exponentials of polynomials) + 
double Crystal Ball (DCB) function 
for relic ZĄeecomponent

ÅDCB shape: Transformation 
(Smirnov on mee) applied to 
generic Zee MC eventsĄmatch
ΨŘƻǳōƭŜ-fake MC events, resulting 
template fit to Zee data to 
extract shape parameters

ÅDCB normalization fixed from 
fake rates (eg/eepairs) in Zee 
data for g1,2in each class, 
reactualizedfor Run 2

PRL 113 171801 (2014)
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Background Modeling
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ÅBackground Model:   
polynomial (chosen 
from Bernstein and 
exponentials of 
polynomials) + double 
Crystal Ball (DCB) 
function for relic ZĄee
component

ÅChosen polynomials: 
Exponential of 3d or 
4th-order polynomial 
except for model-
independentUC (6th

order Bernstein) , 
fitted on data with 
normalization and 
function parameters 
free

ÅChoose model with smallest 
spurious signal in 
signal+backgroundfit to build 
background-only template with 
components from MC; fractions 
determined from a 2D sideband 
method (developed for diphoton
xsmeasurements), Gaussian 
process regression smoothing to 
limit fluctuations

ATLAS-CONF-2023-035
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