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Ma H→mu mu e’ veramente stat dominated?

Kf in ATLAS e CMS molto diversi? Come mai?

Capire i grafici a figa

HH risonante e non risonante
Perche klambda ha un minimo a 7?

Scrivere i MC samples usati per i segnali di Higgs
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Outline

Higgs boson searches and properties with up to 140 fb-1 of data

● Overview of each single decay channel 

● Combination

● Properties: mass and width measurements

Di-Higgs searches

Prospects in view of High Luminosity LHC

Comparison with CMS results

All ATLAS and CMS public results are available here:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cms.web.cern.ch/news/cms-physics-results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cms.web.cern.ch/news/cms-physics-results
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Main motivations for the Higgs searches

The Higgs boson plays an important role in the SM: it provides mass to the 
elementary particles, through the electroweak spontaneous symmetry breaking 
(EWSB)

It is a fantastic new tool to test the Standard Model of particle physics

Several studies investigating the Higgs boson are possible:

● Cross-section measurements
● Couplings with SM particles
● Improving of the precision on the Higgs mass
● Measuring the Higgs width
● Di-Higgs production
● BSM Higgs bosons?
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LHC and ATLAS operations
LHC accelerator performance during Run-2 was outstanding!
● LHC delivered ~156 fb –1 of proton-proton collisions
● Record of instantaneous luminosity: 2.1*1034 cm-2s-1

Very good ATLAS data-taking efficiency
● ~147 fb-1 recorded and ~139 fb-1 good for physics (95%)
● Luminosity uncertainty for the full Run-2 dataset: 1.7%

Maximum average number of events per Bunch Crossing 
                                               <μ> = 33.7 in Run 2 μ> = 33.7 in Run 2 > = 33.7 in Run 2 @ 13 TeV

      <μ> = 33.7 in Run 2 μ> = 33.7 in Run 2 > = 20.7 in Run 1 @ 8 TeV

Low-μ> = 33.7 in Run 2  data-taking peak 
provided special samples 
for precision W physics!
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ATLAS detector overview

General purpose detector with 4π coverage 

Sub-detectors optimized to reconstruct final states as produced by SM processes: jets, charged 
leptons, neutrinos. Four major components :
● Inner Detector, Calorimeter, Muon Spectrometer and magnet system 

Integrated with the detector components  Trigger and Data Acquisition System, a specialized multi-→ Trigger and Data Acquisition System, a specialized multi-
level computing system, which selects physics events with distinguishing characteristics 
● Collision rate: 40 MHz
● Accepted event rate: ~1 kHz 
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Detector performance

b-tagging scale factorMuons

E
T

miss 

Electrons

Photons

high μ  black→ black

low μ  red→ black
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Higgs boson production at LHC

Distinct topology from each production mode 

Rare production modes difficult to probe, but important 
for beyond the SM (BSM) scenarios 

Improved accuracy from theory calculations: inclusive σ(ggF) now calculated at N3LO in QCD 
and NLO in EW, with 5% uncertainty (still dominated by QCD scale and PDF+ α

S
)
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Higgs boson decays
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H ZZ* 4→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- ℓ 
Low branching fraction: BR(H  ZZ*) ~2.7% → Trigger and Data Acquisition System, a specialized multi-
further reduced by [BR(Z ee,μ> = 33.7 in Run 2 μ> = 33.7 in Run 2 )]→ Trigger and Data Acquisition System, a specialized multi- 2 = [6%]2              BR(H ZZ* 4l) ~ 0.01%→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-

Non-resonant ZZ* background is the only relevant background in the analysis 
(irreducible background, estimated from MC simulations)

Reducible backgrounds (Z+jets and top mainly) strongly suppressed with the event selection

12% of uncertainty on combined fiducial cross-section

●  Uncertainty still statistical dominated          

ATLAS-CONF-2018-018

Fiducial σ           Fiducial σ            Total σFiducial σ           Fiducial σ            Total σ

All prod. modes combined

signal mass window 
115 – 130 GeV

https://cds.cern.ch/record/2621479/files/ATLAS-CONF-2018-018.pdf
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H γγ→ Trigger and Data Acquisition System, a specialized multi- ATLAS-CONF-2018-028

Clean experimental signature and good invariant mass resolution

Analysis performed exploiting an event categorization to target the main Higgs production modes

Signal yield extracted from a simultaneous signal+background fit of the m
γγ

 distribution

Background function chosen as the one that minimizes the fitted signal yield in signal+background 
fits in a background control sample. Double-sided Crystal Ball function for the signal modeling

 BR(H->γγ) ~ 0.23% ) ~ 0.23%γγ

All prod. modes combined

https://cds.cern.ch/record/2628771/files/ATLAS-CONF-2018-028.pdf
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H WW* → Trigger and Data Acquisition System, a specialized multi-
2nd largest Higgs branching fraction  → Trigger and Data Acquisition System, a specialized multi- BR(H WW*) ~ 22%→ Trigger and Data Acquisition System, a specialized multi-
Access for measurement of the Higgs boson couplings with vectors bosons (W and Z) and fermions (Top mainly)
Two analyses targeting different Higgs production modes: ggF+VBF and WH+ZH, both with ~36fb-1 at 13 TeV

ggF+VBF Phys. Lett. B 789 (2019) 508
WH+ZH arXiv:1903.10052v1

ggF XSec uncertainty dominated by systematics (10% from 
theoretical predictions on ggF, WW and Top)

VBF analysis still suffers of low statistics

Observed (expected) ggF and VBF significances: 6.0 (5.3) and 
1.8 (2.6) standard deviations, respectively

ggF + VBF                                                                                 WH+ZH 

Events split according the lepton multiplicity (3 and 4) and 
charge/flavour composition  4 Signal Regions→ Trigger and Data Acquisition System, a specialized multi-

ZH analysis: cut-based. For WH, a BDT discriminant is also used 

The combination leads to an observed (expected) significance 
for the combined VH production mode of 4.1 (1.9) standard 
deviations 

Uncertainty still statistically dominated

https://www.sciencedirect.com/science/article/pii/S0370269318309936
https://arxiv.org/pdf/1903.10052.pdf
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H bb → Trigger and Data Acquisition System, a specialized multi- Phys. Lett. B 786 (2018) 59

Dominant decay of SM Higgs boson: BR(H ￫ bb) ~ 58%

Analysis targeting the VH production mode

Boosted decision trees trained in eight signal regions and outputs 
used as the final discriminating variables in the analysis

Double observation: Higgs decay to bottom quarks and VH production mode

For H  bb : Run 2 results combined with the Run 1 results, → Trigger and Data Acquisition System, a specialized multi-
including also ggF, VBF and ttH categories

For VH: results combined with γγ and ZZ decay results at 13 TeV

   VH (H bb) with 13 TeV data                                               Run 1 + Run 2 H  bb combination→ black → black

7,8,13 TeV

13 TeV

https://www.sciencedirect.com/science/article/pii/S0370269318307056?via%3Dihub
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H ττ→ Trigger and Data Acquisition System, a specialized multi- Phys. Rev. D 99 (2019) 072001

Higgs boson decay to pair of -leptons is most promising channel to explore Yukawa-couplings to fermions 𝜏-leptons is most promising channel to explore Yukawa-couplings to fermions

Smaller BR than H ￫ bb, but better experimental accessibility

Events are categorized into exclusive signal regions

SM Z  ττ is the major background in all the regions→ Trigger and Data Acquisition System, a specialized multi-

Measured cross-section times BR in agreement with SM

Observed (expected) significance at 13 TeV 4.4 σ (4.1 σ) 

Combining with 7 and 8 TeV results  6.4 σ (5.4 σ) → Trigger and Data Acquisition System, a specialized multi-

Main systematics from theory uncertainty on signal, statistics in Control 
Regions for bkg estimation, jet Energy Sale/Resolution, E

t
miss resolution

https://link.aps.org/doi/10.1103/PhysRevD.99.072001


24th June 2019 Marco Sessa - USTC 14

H μ> = 33.7 in Run 2 μ> = 33.7 in Run 2  → Trigger and Data Acquisition System, a specialized multi-
Most sensitive channel to investigate couplings to 2nd generation fermions

Very rare process, but high di-muon mass resolution makes channel accessible

Signal would appear as narrow resonance over smoothly falling background 

● primarily Drell-Yan, but also diboson and leptonic top decays

Events split in category according to muon pseudo-rapidity and di-muon pair transverse momentum

Analysis sensitive to two Higgs production mechanisms: ggF and VBF

A boosted-decision-tree (BDT) is used to maximize the separation between the VBF signal and background

ATLAS-CONF-2018-026

Best fit value of the H  µµ signal strength:                       → Trigger and Data Acquisition System, a specialized multi-

Observed (expected) significance 0.0σ (0.9σ)

Below the most sensitive categories
~ all from statistics

https://cds.cern.ch/record/2628763/files/ATLAS-CONF-2018-026.pdf


24th June 2019 Marco Sessa - USTC 15

Higgs production with Top quark pair (ttH)

Phys. Lett. B 784 (2018) 173

First ATLAS observation of ttH production mode  lowest cross-section among the main Higgs → Trigger and Data Acquisition System, a specialized multi-
production modes

All the main Higgs decay channels involved in this search 

The measured total cross-section is found to be:

in agreement with SM prediction: 

Statistical and systematic uncertainties comparable

Main systematic errors come from:

● Theory uncertainties on ttbar + heavy flavour and ttH signal

● Experimental uncertainties on non-prompt backgrounds

● Jet energy scale + jet and E
T

miss resolution

20% accuracy 
on combination

https://linkinghub.elsevier.com/retrieve/pii/S0370269318305732
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Update on ttH(H→ Trigger and Data Acquisition System, a specialized multi-γγ) ATLAS-CONF-2019-004

First ATLAS Higgs results with full Run-2 dataset (~140 fb-1)

Observed (expected) significance of 4.9 (4.2) standard deviations w.r.t. the background-only hypothesis

The analysis is performed using a simultaneous fit in seven signal-enriched event categories

● 3 leptonic categories + 4 hadronic categories, based on BDT score

Measured cross-section times BR(H  γγ)→ Trigger and Data Acquisition System, a specialized multi-

in agreement with the Standard Model prediction

Analysis limited by statistical uncertainties (~23%)

Main systematic uncertainties below:

http://cdsweb.cern.ch/record/2668103/files/ATLAS-CONF-2019-004.pdf
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Higgs differential cross-sections

ATLAS-CONF-2018-018

H ZZ* 4→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- ℓ                             H  γγ → Trigger and Data Acquisition System, a specialized multi-

ATLASATLAS: H γγ and H ZZ* measurements with 80 fb→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- -1 

CMS: H ZZ* measurements with full Run-2 dataset  unprecedented precision → Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-

Many differential observables measured (including Higgs rapidity and leading jet p
T
)  all in good → Trigger and Data Acquisition System, a specialized multi-

agreement with SM expectation  no evidence of new physics→ Trigger and Data Acquisition System, a specialized multi-

Precision still dominated by statistics (~20%)  more data and channels will further improve it!→ Trigger and Data Acquisition System, a specialized multi-

Systematics uncertainties ~10% (larger for Njets > 2)

ATLAS-CONF-2018-028 CMS-PAS-HIG-19-001

H ZZ* 4→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- ℓ  

https://cds.cern.ch/record/2621479/files/ATLAS-CONF-2018-018.pdf
https://cds.cern.ch/record/2628771/files/ATLAS-CONF-2018-028.pdf
https://cds.cern.ch/record/2668684/files/HIG-19-001-pas.pdf
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Higgs combination
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ATLAS Higgs combination

All major production modes are now 
observed with a significance > 5σ

ATLAS-CONF-2019-005

ATLAS combined results are based on the 
combination of the below analyses:

Dominant syst. uncertainties: 
● signal theory (4.2%)
● background theory (2.6%)
● Electron/photon energy 

scale and resolution (2.2%)
● luminosity (2%)

8 % uncertainty8 % uncertainty
Experimental precision approaching theory Experimental precision approaching theory 
precision even before using the full Run 2 statisticsprecision even before using the full Run 2 statistics

http://cdsweb.cern.ch/record/2668375
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CMS Higgs combination
CMS exploits 2015 and 2016 dataset for the combination (~36 fb-1)

The following decay channels are included in the combination: H γγ, H ZZ, H WW, H ττ, H bb, → Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-
and H  µµ→ Trigger and Data Acquisition System, a specialized multi-

arXiv 1809.10733

Dominant uncertainties: Signal theory (5%), luminosity 
(2.5%)

50% level improvement compared to Run-1 due to 
increased cross-section, improved theory uncertainty, 
additional event categories

9 % uncertainty9 % uncertainty

Signal strength modifiers per-production mode (left) and per-decay mode (right) 

Assuming Assuming 
SM XSecSM XSec

Assuming Assuming 
SM BRsSM BRs

https://arxiv.org/pdf/1809.10733.pdf
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Simplified Template Cross-Section method
Simplified template cross-section (STXS) define a common categorization framework for Higgs 
analyses

Allows to measure the Higgs boson production cross-section in exclusive kinematic bins

Reduce model dependence, maximize sensitivity to new physics, minimize the theoretical 
uncertainties, constrain coupling modifiers (kappa), EFT coefficients, BSM tests

arXiv 1610.07922

https://arxiv.org/pdf/1610.07922.pdf
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Simplified Template Cross-Section method

Cross sections for ggF, VBF, WH, ZH 
and t H+tH normalized to their SM t̄H+tH normalized to their SM 
predictions, measured with the 
assumption of SM branching fractions

Stage 1 STXS
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Fermion and gauge boson couplings
Extended Higgs sector models allow for non-SM couplings to fermions and bosons

Assumption 1: universal coupling modifiers for all vector boson and fermion couplings

Assumption 2: no new particles in the loops  BR→ Trigger and Data Acquisition System, a specialized multi-
BSM

 = 0 
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Tree Level Higgs couplings
In SM coupling of Higgs to fermions  m∝ m

F
 and for massive weak bosons  m∝ m

V
2

Within current precision, Higgs couplings scale with particle masses

Good agreement with expectation from SM across wide particle mass range
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Higgs properties
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Higgs mass (ATLAS) Phys. Lett. B 784 (2018) 345

Higgs mass measured using the γγ and 
ZZ* 4lep Higgs decays @ 13 TeV→ Trigger and Data Acquisition System, a specialized multi-

Still room for improvements for the 4lep 
channel, dominated by statistics

Syst. uncertainty comparable with the 
stat. uncertainty in the γγ channel 

In both channels, syst. uncertainties 
dominated by experimental ones: 
energy / momentum scale and resolution

https://www.sciencedirect.com/science/article/pii/S0370269318305884
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Higgs mass
ATLAS: Phys. Lett. B 784 (2018) 345

CMS: JHEP11(2017)047

0.19 % uncertainty0.19 % uncertaintyATLAS (γγ+4ℓ, Run 1 + Run 2): m
H
 = 124.97 ± 0.16 (stat.) ± 0.18 (syst.) GeV

CMS (4ℓ only, Run 2 with 36 fb-1): m
H
 = 125.26 ± 0.20 (stat.) ± 0.08 (syst.) GeV 0.17 % uncertainty0.17 % uncertainty

https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://link.springer.com/article/10.1007%2FJHEP11%282017%29047
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Higgs width
SM prediction for a Higgs boson with m

H
 = 125 GeV  4 MeV → Trigger and Data Acquisition System, a specialized multi-

● Γ
h  

too small to be measured directly at the LHC  experiment mass resolution ~ 1-2 GeV in the → Trigger and Data Acquisition System, a specialized multi-
best measured channels

Any deviation would imply a decay to non-SM particles

Best direct limit from CMS H 4ℓ channel (36 fb→ Trigger and Data Acquisition System, a specialized multi- −1) : Γ
h
< 1.10 GeV (95% C.L.) 

Indirect limit from ATLAS: in the Higgs off-shell regime, σ
off-shell

 does not depend on the total width 
Γ

H
 , while σ

on-shell
 does

JHEP11(2017)047

Assuming the ratio of the Higgs boson couplings to the SM 
predictions are constant with energy from on-shell production to 
the high-mass range and

combining H ZZ*→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-4ℓ and H ZZ*→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-2ℓ2ν channels (36 fb-1) 

    Observed (expected) 95% C.L. limit on Γ
H 

< 14.4 (15.2) MeV

Phys. Lett. B 786 (2018) 223

https://arxiv.org/pdf/1706.09936.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318307494
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Update from CMS on Higgs width

arXiv 1901.00174

CMS H 4ℓ analysis with ~80 fb→ Trigger and Data Acquisition System, a specialized multi- −1 (2016 + 2017)

Results combined with ones at 7 and 8 TeV

Studying both the on-shell and off-shell Higgs production, CMS put the most precise 
measurement on Higgs width:

* 95% C.L. interval
* *

https://arxiv.org/pdf/1901.00174.pdf
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Di-Higgs searches
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ATLAS  di-Higgs searches

Measuring Higgs self coupling (λ
HHH 

) provides direct probe of Higgs potential

Measuring κ
λ
 = λ

HHH
/λ

ΗΗΗ
SM helps verify SM electroweak symmetry breaking

Measurement of κ
λ
 possible by studying HH production 

HH production cross-section at 13TeV is ~ 30 fb 
● 1000 times smaller than single Higgs cross-section 

Two Higgs decays  many final states available→ Trigger and Data Acquisition System, a specialized multi-

● bbγγ has low branching ratio

● bbττ , bbbb have higher background

● new channels added recently: WWWW, WWγγ and WWbb

Results of searches for non-resonant and resonant production presented here

● Both ATLAS and CMS results use 2015 and 2016 dataset @ 13 TeV

HDBS-2018-58

κ
λ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-58/
https://it.wikipedia.org/wiki/Kappa_(lettera_greca)
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ATLAS di-Higgs searches

Di-higgs production studied in 6 channels 

Limit on renormalized ggF(HH) cross-section is 
found to be 6.9 times SM expectation

No statistically significant excess of events 
above the Standard Model predictions is found

Limits on resonant production mechanism 
(both spin-0 and spin-2 hypothesis explored)

Results statistically limited, will benefit from full 
Run 2 dataset!

HDBS-2018-58

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-58/
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CMS di-Higgs searches Phys. Rev. Lett. 122 (2019) 121803

CMS result on HH search includes the bbγγ, bbττ, bbbb, and bbVV channels, where V represents 
a W or Z boson

For the non-resonant production mechanism, the observed (expected) 95% C.L. corresponds to 
22.2 (12.8) times the theoretical prediction for the standard model cross section
● Expected limits similar between ATLAS and CMS: 10 vs 12.8 times SM prediction respectively

Values of k
λ
 in the range −11.8 <μ> = 33.7 in Run 2  k

λ
 <μ> = 33.7 in Run 2  18.8 are still allowed (95% C.L.) by the observed data

For the resonant production mechanism, upper exclusion limits at 95% C.L. are obtained for the 
production of a narrow resonance with mass ranging from 250 to 3000 GeV (for either spin-0 and 
spin-2 resonances)

Non-resonant analysis
Observed limit 22.2

Non-resonant analysis
−11.8 <μ> = 33.7 in Run 2  kλ <μ> = 33.7 in Run 2  18.8

Resonant analysis
Spin 0 hypothesis

http://dx.doi.org/10.1103/PhysRevLett.122.121803
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Constraint of κ
λ
 from single Higgs measurements

The most recent constraints on the Higgs boson trilinear self-coupling, λHHH, 
have been set in the context of a direct search of double Higgs boson 
production

Single Higgs processes do not depend on λ
HHH

 at leading order (LO), but the 
Higgs trilinear self-coupling contributions need to be taken into account for 
the calculation of the complete next-to-leading (NLO) electro-weak (EW) 
corrections

Global fit to constrain the Higgs trilinear coupling, where all the Higgs boson production and decay 
channels are modified by parameters:

The differential distributions of the VBF, WH and ZH production modes are exploited to constrain κ
λ
 by 

using the cross-section measurements in regions defined within the STXS framework 

excluding at the 95% C.L. values outside the interval −3.2 <μ> = 33.7 in Run 2  κ
λ
 <μ> = 33.7 in Run 2  11.9

ATL-PHYS-PUB-2019-009

http://cdsweb.cern.ch/record/2667570
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Prospects for Physics at HL-LHC
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High Luminosity LHC (HL-LHC)
Where we are now!

So far we have collected only ~5% of the total potential dataset!

Many upgrades to the LHC and the detectors are needed to achieve the final goal
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ATLAS Phase-2 upgrades

High Granularity High Granularity 
Timing DetectorTiming Detector

(forward calorimeter)(forward calorimeter)

New trigger systemNew trigger system
organized in 3 levelsorganized in 3 levels

Expected trigger rate ~10 kHzExpected trigger rate ~10 kHz

Muon System:Muon System:
Innermost RPC layer for trigger redundancyInnermost RPC layer for trigger redundancy

Small MDT to sustain higher particle rateSmall MDT to sustain higher particle rate
MDT included in triggerMDT included in trigger

Total replacement of theTotal replacement of the
Inner TrackerInner Tracker

(silicon pixel and strips)(silicon pixel and strips)
with better radiation hardnesswith better radiation hardness

and up to |η|<4.0η|η|<4.0<μ> = 33.7 in Run 2 4.0and up to |η|<4.0η|η|<4.0<μ> = 33.7 in Run 2 4.0

Front-End electronicsFront-End electronics
in the calorimeter systemin the calorimeter systemATLAS Phase-2 TDRs
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arXiv 1902.00134

https://arxiv.org/abs/1902.00134
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Two scenarios have been explored with different predictions of the systematic impact at HL-LHC

Scenario 1 (S1): conservative scenario using the uncertainties of the current Run 2 measurements (not 
realistic, just for reference) 

Scenario 2 (S2):  this scenario implements a reduction of the systematic uncertainties according to the 
improvements expected to be reached at the end of HL-LHC program in twenty years from now 
● Theoretical uncertainties for signal and background are generally reduced by a factor of 2 (joint study 

with LHC Higgs Cross-Section Working Group and theory community)
● Luminosity uncertainty (~1%) w.r.t. the current 2-3%
● Uncertainty due to the size of MC simulations negligible
● For certain analyses, some systematic uncertainties are treated in a specific way  details be found → Trigger and Data Acquisition System, a specialized multi-

here: arXiv 1902.00134v2

Systematic uncertainty assumptions

https://arxiv.org/abs/1902.00134
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Two scenarios have been explored with different predictions of the systematic impact at HL-LHC

Scenario 1 (S1): conservative scenario using the uncertainties of the current Run 2 measurements (not 
realistic, just for reference) 

Scenario 2 (S2):  this scenario implements a reduction of the systematic uncertainties according to the 
improvements expected to be reached at the end of HL-LHC program in twenty years from now 
● Theoretical uncertainties for signal and background are generally reduced by a factor of 2 (joint study 

with LHC Higgs Cross-Section Working Group and theory community)
● Luminosity uncertainty (~1%) w.r.t. the current 2-3%
● Uncertainty due to the size of MC simulations negligible
● For certain analyses, some systematic uncertainties are treated in a specific way  details be found → Trigger and Data Acquisition System, a specialized multi-

here: arXiv 1902.00134v2

Systematic uncertainty assumptions

https://arxiv.org/abs/1902.00134


24th June 2019 Marco Sessa - USTC 41

Projected precision per production (S2)

5%

ggF will be measured at ~2% level precision, even less combining ATLAS+CMS results

ttH will be measured at ~4% level precision 

      Single experiment measurement                ATLAS+CMS combination

Uncertainties on XSec/SM_XSec
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Projected precision per decay (S2)

      Single experiment measurement                   ATLAS+CMS combination

Branching fraction with vector bosons will be measured at ~2.5% level precision

Slightly higher for fermions

5%

Uncertainties on BR/SM_BR
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Projected precision on couplings (S2)

2%

Most of the couplings will be measured with a precision of ~2%

Only k
μ> = 33.7 in Run 2 
 and k

Zγ 
will remain statistically dominated
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Differential distributions
We expect to probe Higgs p

T
 up to 1 TeV with about 10% precision

Left: ATLAS H 4ℓ + H→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-γγ combination for 3 different scenarios

Right: CMS H 4ℓ + H→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-γγ + H bb→ Trigger and Data Acquisition System, a specialized multi-  for Scenario 2 

ATL-PHYS-PUB-2018-040 CMS-PAS-FTR-18-011

http://cdsweb.cern.ch/record/2649879/files/ATL-PHYS-PUB-2018-040.pdf
https://cds.cern.ch/record/2647699/files/FTR-18-011-pas.pdf
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Prospects on Higgs mass and width
H ZZ* 4ℓ channel has the best precision on the Higgs mass and width→ Trigger and Data Acquisition System, a specialized multi- → Trigger and Data Acquisition System, a specialized multi-

The precision on the mass value will be driven by the muon channel. The table shows the 
expected precision by ATLAS with 3000 fb-1 for different scenarios (improvements due to 
upgrades in the Inner Tracker)

CMS gives these predictions on Higgs width 95% C.L. 
interval for both S1 and S2 scenarios:

to be compared with the current value: 

CMS-PAS-FTR-18-011

ATL-PHYS-PUB-2018-054
Combining ATLAS and CMS results 
from 4ℓ and γγ channels a precision on 
Higgs mass of 10-20 MeV is expected 

arXiv 1902.00134

Today: ~220 MeV of uncertainty

https://cds.cern.ch/record/2647699/files/FTR-18-011-pas.pdf
http://cdsweb.cern.ch/record/2652762/files/ATL-PHYS-PUB-2018-054.pdf
https://arxiv.org/abs/1902.00134
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Prospects on di-Higgs production

Expected significance of the di-Higgs search 
for each individual channels as well as their 
combination with 3000 fb-1

95% CL expected limit on λ/λ
SM 

:
[-0.18,3.6] for CMS
[-0.40,7.3] for ATLAS
[0.1,2.3] for the combination

Second minimum of the likelihood is excluded at 99.4% CL

Expected a measurement of κ
λ
 at 50%, if HH is observed 

with a significance of 4σ
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Conclusions

Overview of the Higgs boson measurements updated with Run 2 data

Results shown in terms of total and differential cross-sections, couplings and Higgs boson 
properties (width, mass)

Bosonic decay channels continue leading Run 2 measurements of ggF 
(reaching 10% precision) and VBF (reaching 30% level precision) cross-sections

All the results are consistent with the SM predictions

Theoretical uncertainties are coming to play an important role

Many analyses to be updated with the full Run 2 dataset  ATLAS and CMS combinations → Trigger and Data Acquisition System, a specialized multi-
expected 

The Higgs boson is yet to be fully explored. Currently <μ> = 33.7 in Run 2 5% of the LHC potential has been 
used. The HL-LHC promises to deliver a much  larger dataset where precision 
measurements will be possible  e→ Trigger and Data Acquisition System, a specialized multi- ntering a new era of Higgs precision measurements
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Back-up slides
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Exotics searches - Summary
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Summary of Long Lived particle searches
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Top mass and ttbar cross-section

Precision reached by ATLAS on Top mass: 0.3%

Waiting for updates at 13 TeV
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Searches for high-mass resonances
Di-jet analysis

ATLAS-CONF-2019-007
Di-lepton analysis (ee and μμ) 

arXiv 1903.06248

Di-boson analysis (WZ, WW and ZZ)
 arXiv 1906.08589

Excluded q∗ models with masses
below 6.7 TeV at 95% CL

Z’ excluded below 4.5 TeV at 95% CL
(W’ excluded below 5.1 TeV at 95% CL)

http://cdsweb.cern.ch/record/2668385
https://arxiv.org/abs/1903.06248
https://arxiv.org/abs/1906.08589
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Searches for high-mass resonances
Di-boson analysis (WZ, WW and ZZ)

 arXiv 1906.08589

https://arxiv.org/abs/1906.08589
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Constraints on Supersymmetry

R-parity violating

    2
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Constraints on Supersymmetry
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Constraints on Supersymmetry
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Constraints on Supersymmetry
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Higgs in invisible (ATLAS)
ATLAS-CONF-2018-054

Patricia Conde Muíño

https://cds.cern.ch/record/2649407/files/ATLAS-CONF-2018-054.pdf
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Two Higgs doublet model
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Constraints on new phenomena
The combined results are interpreted in the context of two-Higgs doublet models and the hMSSM

No significant deviations from the Standard Model predictions are observed

Constraints are set in the (cos(β − α), tan β) plane in 2HDM Type-I, Type-II, Lepton-specific and Flipped 
models
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Constraints on new phenomena
The combined results are interpreted in the context of two-Higgs doublet models and the hMSSM

No significant deviations from the Standard Model predictions are observed

Constraints are set in the (mA,tan β) plane of the hMSSM

ATLAS

Regions up to 530 GeV in mA and tan β 
in the hMSSM excluded

CMS

Regions up to 600 GeV in mA and tan β 
in the hMSSM excluded
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BSM Higgs
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BSM Higgs

Jan Eysermans at LHCP 2019
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BSM Higgs

Jan Eysermans at LHCP 2019
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ATLAS Higgs combination
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Constraint of κ
λ
 from single Higgs measurements
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Di-Higgs cross-section
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Coupling modifiers: “kappa”

Not “physical parameters”

Introduced to parameterize possible deviation from SM
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