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Precision measurements of 
H properties

Rare production and    
decaymodes 

Di-Higgs production BSM Higgs searches

HIGGS 

@ HL-LHC

HL-LHC POTENTIAL in the HIGGS SECTOR
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Theavailabilityof hugedatasamplesat HL-LHCwill enableaccuratemeasurementsandunprecedented
sensitivityto rarephenomena:

what can we do with the Higgs boson?

2026-2036

L = 5-7.5x1034 cm-2s-1

L = 3000 fb-1

PU 200

PHASE 2      
UPGRADE 

aŀƛƴ ILD ǊŜǎǳƭǘǎ ϧ ǎŜƴǎƛǘƛǾƛǘȅ ǿƛǘƘ [I/ ƛƴ CŜŘŜǊƛŎŀΩǎ ǘŀƭƪ



OUTLINE
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INTRODUCTION

systematics assumptions 

Probing

SIGNAL STRENGTHS

Probing

COUPLING MODIFIERS

HIGGS DIFFERENTIAL 
CROSS SECTION 
measurements

Probing

HIGGS SELF-COUPLING

HIGGS WIDTH

HIGGS 

@ HL-LHC

https://cds.cern.ch/record/2650162/


Challengingto predictthe expectedsystematicuncertaintiesat the endof HL-LHC
Limitingfactor in severalanalyses
Commonsetof guidelinesto treat systematicuncertainties:

Baseline scenario defined as YR18 (S2)

compared with 
Run 2 systematic uncertainties scenario (S1)

(event yields scale with luminosity and systematics uncertainties are unchanged w.r.t. Run 2)
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INTRODUCTION: systematics assumptions

Theory
(normalization 
& modeling):

halved

MC statistics:

neglected

Data statistics:

reduced by a 
ŦŀŎǘƻǊ мκҞ[

Detector
limitations: 

unchanged or 
revised from 
TDR studies

Uncertainties 
on methods:

as latest 
published 

results

Luminosity:

1%

Experimental uncertainties 
scaled down with Ҟ[until a lower threshold
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PROBING SIGNAL STRENGTHS
All main production modes and decay channels are included in the study 

(extrapolation of results obtained with the 2015-2016 datasets = 36 fb-1 to 3000 fb-1)

Run2: signalstrengths( )˃ probedat the levelof 12%in bestchannels,up to 50%

CMS-PAS-FTR-18-011

HL-LHC: 
percent level

The S2 uncertainties
are around3 - 6%and
3 - 4% per production
mode and per decay
mode,respectively

Per production mode Per decay channel

Thesystematicuncertaintygenerallydominatesin both S1 andS2
S2 leadsto a 30%improvement(reducedtheoryuncertainties)

‖-framework description in backup

https://cds.cern.ch/record/2647699


dimuon mass 
resolution 

up to 0.65%
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PROBING SIGNAL STRENGTHS
All main production modes and decay channels are included in the study 

(extrapolation of results obtained with the 2015-2016 datasets = 36 fb-1 to 3000 fb-1)

Probecouplingto 2nd generation
Analysisoptimizedto havethe bestsensitivityto a SMHiggs

CERN-LHCC-2017-009

HL-LHC: 
percent level

Only ˃˃˃ remains
statisticallydominated

A precision between
13% (10%) can be
achieved accordingly
to the S1 (S2) scenario
(44% at the end of LHC)

Dimuon invariant masswidth
is reducedin order to match
the increasein performances
thanksto the trackerupgrade:
40% improvementin the dimuon
massresolution

‖-framework description in backup

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf


ttH
best direct probe of the top-Higgs Yukawa coupling

Focusedon ttH with HỊ bb

Significanceof 6 ẁith 300 fbҍ1 of data in
both S1-S2 scenarios!
Gain related to improvedbkg estimation:
better constrainton prior uncertaintieson
the normalizationof the tt+HFprocesses

VH
sensitive to study H Ị bb decay 

Largest systematic contribution: theory

Large improvement: modeling of the W
bosonpT (lumi scaling)
Better knowledgeof QCDscalevariations
in signal (gluon-induced ZH production)
andbackgrounds(V+ jets)

ttH and VH PRODUCTION MODES 
CMS-PAS-FTR-18-011

Large impact of the increasing integrated luminosity on the uncertainties on ˃ ttH and ˃ VHbb

7%

18%

46%

E. FONTANESI                                                CMS Higgs measurements at HL-LHC                                    7

(30%)

12%

5%

Run2

LHC

HL

https://cds.cern.ch/record/2647699

