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We’ve come a long way
q Mass peaks are now the introduction to the talk(s)

o Spoilt by the very large peaks we got used to; one might even muster the 
necessary impertinence to call H mass measurements “standard”

o Is there more to learn here? (other than small shift in H®gg peak at high pT; 
for the (much) longer term…

q The name of the game is STXS, fiducial cross sections. Reminder:
Stage 0: closest to μ in Run1. One bin/production mode (+qqWH, qqZH, ggZH).
Stage 1: intermediate time scale; finer binning; bin merging allowed
Stage 2: asymptotic binning, after experience with Stage 1. Not fully defined
Intermediate stages: 1.1 and 1.2 (increasing complexity/finer binning)
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H→ZZ*→4l STXS: results

• Good agreement between data and fit (left) 

• Good agreement between observed and expected xsections:  inclusive & production mode (middle) and reduced Stage-1.1 STXS (right) 

• All measurements are (still) statistically limited 

• Statistical and experimental systematic errors down by 40% wrt previous publication, similar theory uncertainty

6

S~200

Production mode xsections STXSData vs fit
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Higgs boson to ZZ→4l 7

HBR @ mH = 125.09 GeV

• clear signature

• large signal-to-background ratio due 

to the complete reconstruction of 
the final state decay products


• small branching fraction
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• Signal line shape:  
double-sided Crystal Ball


• ZZ∗ backgrounds: estimated 
from MC simulation


• Z+X contribution: estimated 
from data
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Higgs boson to γγ 12

HBR @ mH = 125.09 GeV

• clear signature

• high precision in reconstructing 

diphoton invariant mass

• small branching fraction (0.2% @ 

125 GeV)
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2 N

H→γγ STXS: results

• No significant deviations from the 
SM expectation are observed  

• Uncertainties: 8% → >100% 

• Most of measurements stat 
limited, except inclusive ggF and 
VBF and 0-jet ggF regions where 
errstat ~ errsyst 

• Main syst: bkg modelling / 
photons (resolution + 
efficiency) / parton shower 
modelling  

• Larger uncertainties in regions 
of low stat (high pTH for ggF, 
high pTV for VH, low mjj for 
qq→Hqq) 

• Production mode uncertainties 
improved by ~x2 or more wrt 
previous publication 

• Upper limit of ~8x SM on tH !·B
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!·B = 127±7(stat.)±7(syst.) fb = 127±10 fb 
(!·B)SM = 116 ± 5 fb

p-value=60%

p-value=3%

Large negative correlation (-42%) between WH and ZH. 
Sum: !·B=5.9±1.4 fb,  (!·B)SM=4.53±0.12 fb,  p-value = 50%

7.5σ
5.6σ

4.7σ

S~6500

STXS

Production mode xsections 

Total xsection

Mass comb: 
C: 125.38±0.14
A: 124.97±0.24
A update from 

ZZ*
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H®ZZ*

STXS: Slightly finer binning for CMS 
(“stage 1.2 vs 1.1”)

Albeit with some bin merging (and even some 
empty bins)

Sep 20, 2021
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Cross section (σΒ) 
H→ZZ decay  
[stage 1.2]

Due to la rge s tat . 
uncertainties, some 
bins are merged trying 
t o k e e p t h e m o s t 
possible granularity.

STXS tries to maximise the sensitivity of the measurement, minimising 
the dependence on the theory predictions, defining several kinematic 
regions using generator level information.

Higgs boson to ZZ→4l

2 N

H→ZZ*→4l fiducial cross sections: analysis strategy
• Xsections measured inclusively and differentially wrt quantities (pTH, yH, m12, m34, angular & jet variables) probing in detail Higgs boson production 

• Signal yields in each bin of a differential distribution from S+B fits to the m4l distribution 

• Unfolding to particle-level σ*BR using response matrix method, implemented directly in likelihood function 

Good agreement w/ SM, measurements statistically limited
8

Yields

Response matrix

Fiducial and total xsections Diff. fiducial xsections

Can we agree on whether 
we plot absolute σ.B or ratio 
of (σ.Β) Exp/Theory?
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 (13 TeV) -1 (8 TeV), 137 fb-1 (7 TeV), 19.7 fb-15.1 fb

CMS

 4l) + X→ (H →pp 

Fiducial cross section: cross section defined in a fiducial phase space. 
The idea is to minimise the dependence on theoretical uncertainties. 
The fiducial volume is defined imposing lepton kinematic cuts and isolation 
requirements.

Higgs boson to ZZ→4l

No hollers; 
Statistics limited

Fiducial/differential xsecs
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Not only SM measurements, but also search for CP violation and 
anomalous couplings
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2 N
H→ZZ*→4l fiducial cross sections: interpretations

9

• pT(4l) fid. xsection  →  constrain bottom and charm Yukawa couplings (left) 

• yb and yc affect both ggF, qq→H + qg→qH, and BR(ZZ) through modifications of the Γbb and Γcc partial widths ⇒ effect on normalisation and shape 

• m12 and m34 fid xsections  →  constrain BSM contact terms between the Higgs, the Z, and left- or right-handed leptons (εZ,lL and εZ,lR) (right) 

• 4 scenarios w/ different assumptions on structure of interactions keeping same Lorentz structure of SM (angular distributions are not affected)

Constraints on kc similar to those from direct searches

b, c Yukawa couplings anomalous HZl contact terms

Shape-only Shape + xsec and BR norm.

Flavour non-universal, axial-vector

Constraints O(1-10%) depending on the scenario

Sensitivity to VBF+VH/ttH not there yet

κc/b & SMEFT
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H®gg
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H→γγ STXS: results

• No significant deviations from the 
SM expectation are observed  

• Uncertainties: 8% → >100% 

• Most of measurements stat 
limited, except inclusive ggF and 
VBF and 0-jet ggF regions where 
errstat ~ errsyst 

• Main syst: bkg modelling / 
photons (resolution + 
efficiency) / parton shower 
modelling  

• Larger uncertainties in regions 
of low stat (high pTH for ggF, 
high pTV for VH, low mjj for 
qq→Hqq) 

• Production mode uncertainties 
improved by ~x2 or more wrt 
previous publication 

• Upper limit of ~8x SM on tH !·B

12

!·B = 127±7(stat.)±7(syst.) fb = 127±10 fb 
(!·B)SM = 116 ± 5 fb

p-value=60%

p-value=3%

Large negative correlation (-42%) between WH and ZH. 
Sum: !·B=5.9±1.4 fb,  (!·B)SM=4.53±0.12 fb,  p-value = 50%

7.5σ
5.6σ

4.7σ

S~6500

STXS

Production mode xsections 

Total xsection
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Inclusive signal strength modifier (μ)
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JHEP 07 (2021) 027

μ = 1.12+0.09
−0.09 = 1.12+0.06

−0.06(theo)+0.03
−0.03(syst)+0.07

−0.06(stat)

i
µUncertainty in  

Underlying event and parton shower
 shapesαScales, PDF and  

 normalisationsαPDF and  
ggH in top associated categories

Top associated scales and migrations
VH lep scales and migrations

qqH scales and migrations
ggH VBF-like region

ggH jet multiplicity
 modellingH

T
ggH p

ggH scales
Branching fraction

Other experimental uncertainties
MET

b tagging
Lepton ID and reconstruction

Jet energy scale and resolution
Per photon energy resolution estimate

Photon energy scale and smearing
Photon identification
Integrated luminosity
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(stat)⇥1±

CMS
(13 TeV)-1, 137 fb⇤⇤⌅H 

= 50%
SM

p= 125.38 GeV, Hm

= 17%
SM

p
0.09⇧
0.09+1.12 0.06⇧
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0.34+1.35 0.10⇧
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0.09⇧
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Th. Exp. Stat.

Higgs boson to γγ

A: WH+ZH, anticorrelated; C: no dedicated VH analysis

STXS: stage 1.2 
for both A & C;
Stat limited 
[though not for 
incl. ggH & VBF; 
and 0-jet VH]

2 N

H→γγ fiducial xsections: results

• Good agreement with SM 

• Differential measurements stat limited, inclusive one has errstat ~ errsyst 

• Main systematic uncertainties: bkg modelling / photon (energy scale/resolution + efficiency)  

• Uncertainty improved by ~x2 wrt previous publication (a bit less in inclusive measurement due to larger impact of bkg modelling)
13

!fid·B = 65.2 ± 7.1 fb 
(!fid·B)SM = 63.6 ± 3.3 fb

Fiducial xsection

Diff. fiducial xsections
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Cross section 
for H→γγ  

[stage 1.2 STXS]

Several different machine learning algorithms are used for rejection 
and classification purposes

Higgs boson to γγ

2 N

H→γγ fiducial xsections: interpretations
• pT(γγ) fid. xsec   →   constrain the charm Yukawa coupling (left), with approach similar to H→4l, using shape-information only 

• 5/6 differential fiducial xsections   →   constrain anomalous Higgs couplings to gauge bosons (right) in an EFT approach similar to H→4l                    
(SMEFT, Warsaw basis, dim-6 operators)

14

Sensitivity mainly 
driven by low pT(H) 
region

c Yukawa coupling BSM couplings to gauge bosons (EFT)

Sensitivity for most variables 
(when interference only 
considered) driven by overall 
normalisation except  

* C̅HG: impact on various 
shapes 

* CP-odd couplings: impact 
on ΔΦjj shape

Constraints on kc and cHG in same ballpark as H → 4l, but much 
stronger on cHW, cHB, cHWB (large impact on the Hyy partial width) 

1D limits

2 N

H→γγ fiducial xsections: interpretations
• pT(γγ) fid. xsec   →   constrain the charm Yukawa coupling (left), with approach similar to H→4l, using shape-information only 

• 5/6 differential fiducial xsections   →   constrain anomalous Higgs couplings to gauge bosons (right) in an EFT approach similar to H→4l                    
(SMEFT, Warsaw basis, dim-6 operators)

14

Sensitivity mainly 
driven by low pT(H) 
region

c Yukawa coupling BSM couplings to gauge bosons (EFT)

Sensitivity for most variables 
(when interference only 
considered) driven by overall 
normalisation except  

* C̅HG: impact on various 
shapes 

* CP-odd couplings: impact 
on ΔΦjj shape

Constraints on kc and cHG in same ballpark as H → 4l, but much 
stronger on cHW, cHB, cHWB (large impact on the Hyy partial width) 

1D limits

Fiducial/differential σ

Probing κc [though 
still at (-15,19)]

SMEFT 
interpretation/limits
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2 N

H→WW*→e!μ!: results

17

• Good agreement data/fit (left), post-fit bkg normalisation factors ~1 

• Good agreement of measured xsections with SM (right) 

• ggF and VBF inclusive XS and ggF STXS low pTH syst. dominated, 
other STXS stat. limited 

• Large impact from theory uncertainties (esp. VBF)

VBF significance 6.6σ 
(6.1 expected) 

Uncertainty improved 
by 50% in ggF and 
x2.5 in VBF wrt 
previous publication 

EW qqH sensitivity 
comparable to 
H→γγ

S~3900 S~400

SM

F. Errico, HH2021 Orsay, 20th Sept 2021
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Built a dedicated analysis targeting VH production mode 

μ = 1.85+0.33
−0.32(stat)+0.27

−0.25(syst)+0.10
−0.07(theo)

Higgs boson to WW→2l 2ν

§ Much progress;
§ More uniformity welcome; e.g. 

would be great to have direct 
comparison of ratios wrt SM

§ Remaining work from Run II: 
clear path, clear plan to legacy 
results.

§ What to do during the 
upcoming 3-4 years of Run III 
(while data is accumulating): 
hm…

§ LHC publication strategy/plan 
for these modes in Run III?

STXS analysis by 
ATLAS; includes 
a >6σ sighting of 
VBF WW

CMS: dedicated 
VH analysis

2 N

H→WW*→e!μ!: results

17

• Good agreement data/fit (left), post-fit bkg normalisation factors ~1 

• Good agreement of measured xsections with SM (right) 

• ggF and VBF inclusive XS and ggF STXS low pTH syst. dominated, 
other STXS stat. limited 

• Large impact from theory uncertainties (esp. VBF)

VBF significance 6.6σ 
(6.1 expected) 

Uncertainty improved 
by 50% in ggF and 
x2.5 in VBF wrt 
previous publication 

EW qqH sensitivity 
comparable to 
H→γγ

S~3900 S~400

SM


