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We’ve come a long way
q For a couple years now: mass peaks 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 Probably little more left to learn from mH…? (other than small shift in H®gg peak at 

high pT; for the (much) longer term…). Main interest in the H width (thanks to ZZ(*))
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Mass comb: 
C: 125.38±0.14
A: 124.97±0.24

H(125)→ZZ→4l

Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC, Phys. Let. B. 2012.08.021
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Figure 4: Distribution of the four-lepton invariant mass for the ZZ ! 4` analysis. The
points represent the data, the filled histograms represent the background, and the open his-
togram shows the signal expectation for a Higgs boson of mass mH = 125 GeV, added to the
background expectation. The inset shows the m4` distribution after selection of events with
KD > 0.5, as described in the text.

Table 3: The number of selected events, compared to the expected background yields and ex-
pected number of signal events (mH = 125 GeV) for each final state in the H ! ZZ analysis. The
estimates of the Z+X background are based on data. These results are given for the mass range
from 110 to 160 GeV. The total background and the observed numbers of events are also shown
for the three bins (“signal region”) of Fig. 4 where an excess is seen (121.5 < m4` < 130.5 GeV).

Channel 4e 4µ 2e2µ 4`
ZZ background 2.7 ± 0.3 5.7 ± 0.6 7.2 ± 0.8 15.6 ± 1.4
Z + X 1.2+1.1

�0.8 0.9+0.7
�0.6 2.3+1.8

�1.4 4.4+2.2
�1.7

All backgrounds (110 < m4` < 160 GeV) 4.0 ± 1.0 6.6 ± 0.9 9.7 ± 1.8 20 ± 3
Observed (110 < m4` < 160 GeV) 6 6 9 21
Signal (mH = 125 GeV) 1.36 ± 0.22 2.74 ± 0.32 3.44 ± 0.44 7.54 ± 0.78
All backgrounds (signal region) 0.7 ± 0.2 1.3 ± 0.1 1.9 ± 0.3 3.8 ± 0.5
Observed (signal region) 1 3 5 9
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sections.

A set of THU uncertainties is considered as NPs in the likelihood fit when signal strength
modifiers, rather than STXS, are measured. In the STXS framework, THU uncertainties only
enter at the interpretation step and are thus applied only to the SM cross section predictions.

Additional theoretical effects that only cause migration of signal and background events be-
tween categories originate from the modeling of the hadronization and the underlying event.
The underlying event modeling uncertainty is determined by varying initial- and final-state
radiation scales between 0.25 and 4 times their nominal value. The effects of the modeling of
hadronization are determined by simulating additional events with the variation of the nomi-
nal PYTHIA tune described in Section 3.

10 Results
The reconstructed four-lepton invariant mass distribution is shown in Fig. 4 for the 4e, 4µ
and 2e2µ events together, and is compared with the expectations for signal and background
processes. The error bars on the data points correspond to the intervals at 68% confidence
level (CL) [116]. The observed distribution agrees with the expectation within the statistical
uncertainties over the whole spectrum.
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Figure 4: Four-lepton mass distribution, m4`, up to 500 GeV with 4 GeV bin size (left) and in
the low-mass range with 2 GeV bin size (right). Points with error bars represent the data and
stacked histograms represent the expected distributions for the signal and background pro-
cesses. The SM Higgs boson signal with mH = 125 GeV, denoted as H(125), the ZZ and rare
electroweak backgrounds are normalized to the SM expectation, the Z+X background to the
estimation from data.

The reconstructed four-lepton invariant mass distribution is shown in Fig. 5 for the three 4`
final states and is compared with the expectations from signal and background processes.

The number of candidates observed in the data and the expected yields for 137 fb�1, for the
backgrounds and H boson signal after the full event selection, are given in Table 3 for each of
the 22 reconstructed event categories (described in Section 6.2) for the 105 < m4` < 140 GeV
mass window around the Higgs boson peak. Figure 6 shows the number of expected and
observed events for each of the categories.

The reconstructed invariant masses of the Z1 and Z2 dilepton systems are shown in Fig. 7
for 118 < m4` < 130 GeV, together with their 2D distribution in the 105 < m4` < 140 GeV

Measurements of production cross sections of the Higgs boson in the four-lepton final state in proton–proton collisions at !√=13TeV s = 13 TeV . Eur. Phys. J. C 81, 488 (2021). 

4

H(125)→ZZ→4l + H(125)→ZZ→2l2! 
width measurement

• predicted width of 4.1 MeV unaccessible 
directly at the LHC


• the ratio of the off-shell and on-shell H(125) 
production allows for an indirect measurement 
of the H


• A combination of 2 channels provides the 
most precise measurement of the width to 
date

First evidence for off-shell production of the Higgs boson and measurement of its width. Submitted to Nature Physics(2022)
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Table 1: Summary of results on the off-shell signal strengths and GH. The various fit conditions
are indicated in the column labeled “Cond.”: Results for µoff-shell are with R

off-shell
V,F either un-

constrained (u) or = 1, and constraints on µoff-shell
F and µoff-shell

V are shown with the other signal
strength unconstrained. Results for GH (in units of MeV) are obtained with the on-shell signal
strengths unconstrained, and the different conditions listed for this quantity reflect which off-
shell final states are combined with on-shell 4` data. The expected central values (not shown)
are either unity or GH = 4.1 MeV.

Param. Cond.
Observed Expected

68% | 95% CL 68% | 95% CL
µoff.

F µoff.
V (u) 0.62+0.68

�0.45 |
+1.38
�0.614

+1.1
�0.99998 |< 3.0

µoff.
V µoff.

F (u) 0.90+0.9
�0.59 |

+2.0
�0.849

+2.0
�0.89 |< 4.5

µoff. R
off.
V,F = 1 0.74+0.56

�0.38 |
+1.06
�0.61

+1.0
�0.84 |

+1.7
�0.9914

R
off.
V,F (u) 0.62+0.68

�0.45 |
+1.38
�0.6139

+1.1
�0.99996 |

+2.0
�0.99999

GH 2`2n + 4` 3.2+2.4
�1.7 |

+5.3
�2.7

+4.0
�3.48 |

+7.2
�4.065

GH 2`2n 3.1+3.4
�2.1 |

+7.3
�2.91

+5.1
�3.67 |

+9.1
�4.099

GH 4` 3.8+3.8
�2.7 |

+8.0
�3.727

+5.1
�4.047 |< 13.8

0 0.5 1 1.5 2 2.5 3
off-shell
F
µ

0

0.5

1

1.5

2

2.5

3

3.5

4

of
f-s

he
ll

V
µ

0 2 4 6 8 10 12 14 16 18
 ln LΔ-2 

brNDC
 ln L = 5.99Δ-2 
 ln L = 2.30Δ-2 

Best fit
SM

CMS  (13 TeV)-1138 fb≤

0 5 10 15
 (MeV)HΓ

0

2

4

6

8

10

12

14

 ln
L

Δ
-2

 

+4l off-shell + 4l on-shellν2l2
 off-shell + 4l on-shellν2l2

4l off-shell + 4l on-shell

Observed
Expected

CMS  (13 TeV)-1140 fb≤

68% CL

95% CL

Figure 4: Left panel: Two-parameter likelihood scan of µoff-shell
F and µoff-shell

V . The dot-dashed
and dashed contours enclose the 68% (�2D lnL = 2.30) and 95% (�2D lnL = 5.99) CL re-
gions. The cross marks the minimum, and the blue diamond marks the SM expectation. The
integrated luminosity reaches only up to 138 fb�1 as on-shell 4` events are not included in per-
forming this scan. Right panel: The observed (solid) and expected (dashed) one-parameter
likelihood scans over GH. Scans are shown for the combination of 4` on-shell data with 4`
off-shell (magenta) or 2`2n off-shell data (green) alone, or with both data sets (black). The hor-
izontal lines indicate the 68% (�2D lnL = 1.00) and 95% (�2D lnL = 3.84) CL regions. The
integrated luminosity reaches up to 140 fb�1 as on-shell 4` events are included in performing
these scans. The exclusion of the no off-shell hypothesis is consistent with 3.6 standard devia-
tions on both panels.
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Figure 4: Left panel: Two-parameter likelihood scan of µoff-shell
F and µoff-shell

V . The dot-dashed
and dashed contours enclose the 68% (�2D lnL = 2.30) and 95% (�2D lnL = 5.99) CL re-
gions. The cross marks the minimum, and the blue diamond marks the SM expectation. The
integrated luminosity reaches only up to 138 fb�1 as on-shell 4` events are not included in per-
forming this scan. Right panel: The observed (solid) and expected (dashed) one-parameter
likelihood scans over GH. Scans are shown for the combination of 4` on-shell data with 4`
off-shell (magenta) or 2`2n off-shell data (green) alone, or with both data sets (black). The hor-
izontal lines indicate the 68% (�2D lnL = 1.00) and 95% (�2D lnL = 3.84) CL regions. The
integrated luminosity reaches up to 140 fb�1 as on-shell 4` events are included in performing
these scans. The exclusion of the no off-shell hypothesis is consistent with 3.6 standard devia-
tions on both panels.

H(125)→ZZ→4l + H(125)→ɣɣ 
mass measurement

A measurement of the Higgs boson mass in the diphoton decay channel. Phys. Lett. B. 2020.135425
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Figure 7: The likelihood scan of the measured Higgs boson mass in the H ! gg and H !
ZZ ! 4` decay channels individually and for the combination with the 2016 data set. The solid
lines are for the full likelihood scan including all systematic uncertainties, while the dashed
lines denote the same with the statistical uncertainty only.

of combining the measurements from both data taking periods is mH = 125.38 ± 0.11 (stat) ±
0.08 (syst) GeV with an expected statistical uncertainty of ±0.13 GeV and an expected system-
atic uncertainty of ±0.08 GeV. Figure 8 shows the likelihood scans of the combined Higgs
boson mass in the H ! gg and H ! ZZ ! 4` decay channels with the Run 1 and 2016 data
sets individually and the same combining the two data sets. A summary of the individual and
combined measurements with the Run 1 and 2016 data sets is shown in Fig. 9.

10 Summary

In this Letter we describe a measurement of the Higgs boson mass in the diphoton decay chan-
nel with 35.9 fb�1 of data collected in 2016 at

p
s = 13 TeV at the LHC. New analysis techniques

have been introduced to improve the precision of the measurement and we have used a re-
fined detector calibration. The technique that is new with respect to the previous analysis in
the diphoton decay channel [9] is the introduction of residual energy corrections in much finer
bins of h, pT and the shower shape variable R9 of the electrons from Z ! ee decays, in which
the electron showers are reconstructed as photons. We have also employed a new method to es-
timate the systematic uncertainty due to changes in the transparency of the crystals in the elec-
tromagnetic calorimeter with radiation damage. The measured value of the Higgs boson mass
in the diphoton decay channel is found to be mH = 125.78 ± 0.26 GeV. This measurement has
been combined with a recent measurement by CMS of the same quantity in the H ! ZZ ! 4`
decay channel [5] to obtain a value of mH = 125.46 ± 0.16 GeV. Furthermore, when the Run 2
result with the 2016 data set is combined with the same measurement performed in Run 1 at
7 and 8 TeV the value of the Higgs boson mass is found to be mH = 125.38 ± 0.14 GeV. This is
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Figure 8: The likelihood scan of the combined Higgs boson mass in the H ! gg and H !
ZZ ! 4` decay channels with the Run 1 and 2016 data sets and the same combining the two
data sets. The solid lines are for the full likelihood scan including all systematic uncertainties,
while the dashed lines denote the same with the statistical uncertainty only.
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Figure 9: A summary of the measured Higgs boson mass in the H ! gg and H ! ZZ ! 4`
decay channels, and for the combination of the two is presented here. The statistical (wider,
yellow-shaded bands), and total (black error bars) uncertainties are indicated. The (red) verti-
cal line and corresponding (grey) shaded column indicate the central value and the total uncer-
tainty of the Run 1 + 2016 combined measurement, respectively.

• Precise measurement of electron and photon momenta helped achieve the 
most precise measurement of the H(125) boson mass to this day!

H(125)→ZZ→4l + H(125)→ZZ→2l2! 
width measurement

• predicted width of 4.1 MeV unaccessible 
directly at the LHC


• the ratio of the off-shell and on-shell H(125) 
production allows for an indirect measurement 
of the H


• A combination of 2 channels provides the 
most precise measurement of the width to 
date

First evidence for off-shell production of the Higgs boson and measurement of its width. Submitted to Nature Physics(2022)
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Table 1: Summary of results on the off-shell signal strengths and GH. The various fit conditions
are indicated in the column labeled “Cond.”: Results for µoff-shell are with R
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constrained (u) or = 1, and constraints on µoff-shell
F and µoff-shell

V are shown with the other signal
strength unconstrained. Results for GH (in units of MeV) are obtained with the on-shell signal
strengths unconstrained, and the different conditions listed for this quantity reflect which off-
shell final states are combined with on-shell 4` data. The expected central values (not shown)
are either unity or GH = 4.1 MeV.
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Figure 4: Left panel: Two-parameter likelihood scan of µoff-shell
F and µoff-shell

V . The dot-dashed
and dashed contours enclose the 68% (�2D lnL = 2.30) and 95% (�2D lnL = 5.99) CL re-
gions. The cross marks the minimum, and the blue diamond marks the SM expectation. The
integrated luminosity reaches only up to 138 fb�1 as on-shell 4` events are not included in per-
forming this scan. Right panel: The observed (solid) and expected (dashed) one-parameter
likelihood scans over GH. Scans are shown for the combination of 4` on-shell data with 4`
off-shell (magenta) or 2`2n off-shell data (green) alone, or with both data sets (black). The hor-
izontal lines indicate the 68% (�2D lnL = 1.00) and 95% (�2D lnL = 3.84) CL regions. The
integrated luminosity reaches up to 140 fb�1 as on-shell 4` events are included in performing
these scans. The exclusion of the no off-shell hypothesis is consistent with 3.6 standard devia-
tions on both panels.
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Figure 4: Left panel: Two-parameter likelihood scan of µoff-shell
F and µoff-shell

V . The dot-dashed
and dashed contours enclose the 68% (�2D lnL = 2.30) and 95% (�2D lnL = 5.99) CL re-
gions. The cross marks the minimum, and the blue diamond marks the SM expectation. The
integrated luminosity reaches only up to 138 fb�1 as on-shell 4` events are not included in per-
forming this scan. Right panel: The observed (solid) and expected (dashed) one-parameter
likelihood scans over GH. Scans are shown for the combination of 4` on-shell data with 4`
off-shell (magenta) or 2`2n off-shell data (green) alone, or with both data sets (black). The hor-
izontal lines indicate the 68% (�2D lnL = 1.00) and 95% (�2D lnL = 3.84) CL regions. The
integrated luminosity reaches up to 140 fb�1 as on-shell 4` events are included in performing
these scans. The exclusion of the no off-shell hypothesis is consistent with 3.6 standard devia-
tions on both panels.
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��, ZZ
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P. Sphicas
H(125) decays

H ® gg, ZZ*, WW*
q The game nowadays: STXS, fiducial σ, EFT; 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)

Sep 12, 2022
HiggsHunting2022, Paris 3

gg, ΖΖ*: No hollers; 
Statistics limited

Results: STXS
2207.00348, Eur. Phys. J. C 80 (2020) 957, 2207.00338
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H(125)→WW→2l2! STXS

Measurements of the Higgs boson production cross section and couplings in the W boson pair decay channel in proton-proton collisions at s√ = 13 TeV. Submitted to EPJC (2022).

19

Measurement of the inclusive and differential Higgs boson production cross sections in the leptonic WW decay mode at !√ s  = 13 TeV. J. High Energ. Phys. 2021, 3 (2021). 

43

,ĺtt�

Figure 26: Observed cross sections in each STXS bin, normalized to the SM expectation.

12 Summary

A measurement of production cross sections for the Higgs boson has been performed target-
ing the gluon fusion, vector boson fusion, and Z or W associated production processes in the
H ! WW decay channel. Results are presented as signal strength modifiers, coupling mod-
ifiers, and differential cross sections in the simplified template cross section Stage 1.2 frame-
work. The measurement has been performed on data from proton-proton collisions recorded
by the CMS detector at a center-of-mass energy of 13 TeV in 2016–2018, corresponding to an
integrated luminosity of 138 fb�1. Specific event selections targeting different final states have
been employed, and results have been extracted via a simultaneous maximum likelihood fit to
all analysis categories. The overall signal strength for production of a Higgs boson is found to
be µ = 0.95+0.10

�0.09. All results are in good agreement with the standard model expectation.
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• Significant merging of STXS 1.2. bins due to lack of statistics


• Compatibility with the SM prediction found to be 1%

WW* still early days… (p=1%)

H(125)→WW→2l2! signal strength

Measurements of the Higgs boson production cross section and couplings in the W boson pair decay channel in proton-proton collisions at s√ = 13 TeV. Submitted to EPJC (2022).
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Measurement of the inclusive and differential Higgs boson production cross sections in the leptonic WW decay mode at !√ s  = 13 TeV. J. High Energ. Phys. 2021, 3 (2021). 
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Figure 22: Observed profile-likelihood function for the global signal strength modifier µ. The
dashed curve corresponds to the profile-likelihood function obtained considering statistical
uncertainties only.
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Figure 23: Observed signal strength modifiers for the main SM production modes.

summarized in Fig. 23, where the separate contributions of statistical and systematic sources
of uncertainty are also shown. Results correspond to observed (expected) significances of 10.5
(11.8)s, 3.15 (4.74)s, 3.61 (1.82)s, and 3.73 (2.19)s for the ggH, VBF, WH, and ZH modes,
respectively. The correlation matrix among the signal strengths is given in Fig. 24. The compat-
ibility of the result with the SM is found to be 7%.

11.2 Higgs boson couplings

Given its large branching fraction and relatively low background, the H ! WW channel is a
good candidate to measure the couplings of the Higgs boson to fermions and vector bosons.
This is performed in the so-called k framework. Two coupling modifiers kV and kf are defined,
for couplings to vector bosons and fermions respectively. These scale the signal yield of the
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11.2 Higgs boson couplings

Given its large branching fraction and relatively low background, the H ! WW channel is a
good candidate to measure the couplings of the Higgs boson to fermions and vector bosons.
This is performed in the so-called k framework. Two coupling modifiers kV and kf are defined,
for couplings to vector bosons and fermions respectively. These scale the signal yield of the

• compatibility with the SM prediction is 7%


• In ggH statistical and systematical uncertainty are of the same order

Fiducial cross sections
Eur. Phys. J. C 80 (2020) 942, JHEP 08 (2022) 027, 2207.08615

Cross sections in fiducial space, defined by detector acceptance and trigger
requirements
Inclusive or (double) di↵erential, also in smaller phase space to study non-ggF
Unfolded with matrix method in the likelihood fit
��/ZZ uses di↵erent phase space, so extrapolate to the full phase space in the
combination

pT , |y |, pT vs |y |, Njets , Nbjets , pT ,j1, in VBF topology: mjj , |�⌘jj |, ��jj
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H(125)→ɣɣ differential fiducial xsec

Measurements of Higgs boson production cross sections and couplings in the diphoton decay channel at s√ s  = 13 TeV. J. High Energ. Phys. 2021, 27 (2021)

Measurement of the Higgs boson inclusive and differential fiducial production cross sections in the diphoton decay channel with pp collisions at s√ = 13 TeV. Submitted to J. High Energ. Phys. 2022
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Figure 16: Double-differential fiducial cross section measured in bins of p
gg
T and njets. The

content of this plot is described in the caption of Fig. 10.

Fiducial cross section: interpretations
Eur. Phys. J. C 80 (2020) 942, JHEP 08 (2022) 027, 2207.08615

��: EFT constraints

ZZ : anomalous couplings to H and Z and contact interaction from left- and right-
handed leptons to H using m12 and m34

Both: constraints on c- and b-quark Yukawa coupling using shape-only (or with
normalization)
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H(125) decays

H ® bb, cc

Sep 12, 2022
HiggsHunting2022, Paris 4

5Christina Reissel

VH→bb

qqZH and ggZH categories merged  

splitting of categories with 
250 GeV < Vp

T 
< 400 GeV and Vp

T 
> 400 GeV 

● STXS is a combination of fully fiducial cross 
sections and direct fits

● reduction of impact of theoretical uncertainties 
on Higgs boson measurements

merge of Njets 

 normalization fixed to SM expectation 

VH(bb) combination
VH, H → bb extensively studied using full Run 2 dataset with complementary pT

H acceptance

● Significant overlap between the two analyses
● Combined using pT

V  > 400 GeV events for boosted only
● STXS measurement in 7 bins
● Good agreement with SM predictions

R
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EPJC 81 (2021) 178 PLB 816 (2021) 1304

ATLAS-CONF-2021-051

3

Driver: 
VH(bb)

VH(bb) combination: EFT interpretation

4

STXS pT
V measurements interpreted in terms of a SM effective lagrangian (SMEFT) 

considering D = 6 operators

Combination strengthens limits w.r.t. individual analyses

Constraints on Wilson 
coefficients sensitive to 
modifying VH, H → bb 
production are placed at 95% 
CL (either 1 or 2 POI fits)

Wilson coefficients are 
consistent with the SM 
predictions

ATLAS-CONF-2021-051

ATLAS EFT analysis

VH, H->cc
Offers a unique chance to directly probe the coupling of the Higgs boson to the 2nd 
generation quarks

● Optimised c-jet tagger with b-jet veto
● Analysis strategy validated with diboson analyses
● Stat. and syst uncertainties of the same magnitude

11

Constraint on kc when all the 
other Higgs couplings are SM-like 
is set to |k| < 8.5 @ 95% CL

EPJC 82 (2022) 717

6Christina Reissel

VH→cc

● difficulty of charm jet identification in high jet 

environment at LHC

● event categorization: 

exploration of merged-jet (p
T 
> 300 GeV) 

and resolved-jet topologies

● discriminant: 
mass of the Higgs boson candidate (merged-jet topology) 

and BDT output score (resolved-jet topology) 

● dominant uncertainties: 

statistical, limited MC statistics, c jet identification efficiencies

● cross check: VZ→ cc leading to first observation at a 
hadron collider 

● observed (expected) upper limit on σ(VH)xBR(H→cc) 

0.94 (0.50    ) pb at 95% CL corresponding to 

14 (7.6    )xSM

● most stringent constraint on Higgs-charm Yukawa 

coupling modifier

CMS-HIG-21-008

JINST 17 P03014

6Christina Reissel

VH→cc

● difficulty of charm jet identification in high jet 

environment at LHC

● event categorization: 

exploration of merged-jet (p
T 
> 300 GeV) 

and resolved-jet topologies

● discriminant: 
mass of the Higgs boson candidate (merged-jet topology) 

and BDT output score (resolved-jet topology) 

● dominant uncertainties: 

statistical, limited MC statistics, c jet identification efficiencies

● cross check: VZ→ cc leading to first observation at a 
hadron collider 

● observed (expected) upper limit on σ(VH)xBR(H→cc) 

0.94 (0.50    ) pb at 95% CL corresponding to 

14 (7.6    )xSM

● most stringent constraint on Higgs-charm Yukawa 

coupling modifier

CMS-HIG-21-008

JINST 17 P03014

CMS: very 
significant gain 
in sensitivity
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H -> 𝝉𝝉 analysis

13

Inclusive H -> 𝜏𝜏 cross section 
measured with a precision of 13%, and 9 STXS bins were measured

JHEP 08 (2022) 175

Most sensitive probe of Higgs boson coupling to leptons (2nd most copious fermionic decay)

● Analysis targets four production modes
● Dominant background from Z-> 𝜏𝜏 events (MVA used to enhance the discrimination) 
● Z-> 𝜏𝜏 normalisation determined from Z -> ll data samples with the "kinematic 

embedding" technique

Missing Mass Calculator 
algorithm used to improve 
the 𝝉𝝉 mass resolution to 
account for neutrino energy 
losses 

9Christina Reissel

H→ττ

● combination with analysis focusing on Higgs production in association with W/Z

● purely leptonic τ pair decays not considered 
(small branching fraction, overlap with H→WW)

● 2D discriminant: m
ττ
 vs. p

T
(V) 

● together with VBF and ggH analysis: 
16 kinematic regions tested (STXS stage 1.2) 

arXiv:2204.12957

CMS; obs: 3.0( (exp: 2.5()
ATLAS; obs: 2.0( (exp: 1.7()

H -> 𝝁𝝁 analysis
Most promising probe of Higgs coupling to 2nd generation fermions

14

● Z->𝜇𝜇 is the dominant background
● BDTs are trained in each exclusive signal 

region targeting different production 
modes

● Sensitivity driven by VBF targeted 
categories. Very statistically limited

● Observed (expected) significance of 2.0 
(1.7) 𝝈 (wrt background only)

● Approaching sensitivity to test the SM 
predictions

● One of the most important topics for Run3

PLB 812 (2021) 135980
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H→μμ

● first evidence for decays of the Higgs boson to 2nd gen 
fermions with observed significance of 3.0σ

● most precise measurement of the Higgs boson couplings 
to μ’s reported to date

● four exclusive categories targeting the 
different production channels of the Higgs boson 

● backgrounds: estimated from data with discrete 
profiling method

 

● measurement statistically dominated

JHEP01 (2021) 148

JINST 10 (2015)

category event 
categorization

discriminant

VBF m(μμ) DNN output 
score

ggH, ttH and 
VH

BDTs m(μμ)
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H -> 𝝁𝝁 analysis
Most promising probe of Higgs coupling to 2nd generation fermions

14

● Z->𝜇𝜇 is the dominant background
● BDTs are trained in each exclusive signal 

region targeting different production 
modes

● Sensitivity driven by VBF targeted 
categories. Very statistically limited

● Observed (expected) significance of 2.0 
(1.7) 𝝈 (wrt background only)

● Approaching sensitivity to test the SM 
predictions

● One of the most important topics for Run3
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H ® µµ:H ® tt

VBF 
driven

H -> 𝝉𝝉 analysis

13

Inclusive H -> 𝜏𝜏 cross section 
measured with a precision of 13%, and 9 STXS bins were measured

JHEP 08 (2022) 175

Most sensitive probe of Higgs boson coupling to leptons (2nd most copious fermionic decay)

● Analysis targets four production modes
● Dominant background from Z-> 𝜏𝜏 events (MVA used to enhance the discrimination) 
● Z-> 𝜏𝜏 normalisation determined from Z -> ll data samples with the "kinematic 

embedding" technique

Missing Mass Calculator 
algorithm used to improve 
the 𝝉𝝉 mass resolution to 
account for neutrino energy 
losses 
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H→ττ (differential)

● extension of the H → ττ analysis to a differential cross section measurement in terms of 
p

T
(Higgs), jet multiplicity and p

T
(leading jet)

● first fiducial differential measurements in final states with τ’s

● significant improvement over other final states in phase space with large jet multiplicity or 
high p

T
(Higgs)

● signal extracted using 2D-distributions of m
ττ
 vs. differential variable

Phys. Rev. Lett. 128, 081805

First fiducial σ’s

ATLAS: 9 STXS bins

The Run III channel…

CMS; obs: 3.0 exp: 3.0 χ10–4

ATLAS; obs: 3.6 (exp: 3.5 () 10–4H ® ee :



P. Sphicas
H(125) decays

Next… (?)

q EFT analysis
o Major ongoing effort, joint LHC group…

q Long path to factor two more data ahead (in Run III)
o Need to figure out how to produce “publications” that are pertinent (in the

“normal” channels; H®μμ is clear…)

q The role of ML 
o In the process of producing NNs that can chair HH2023 sessions

Sep 12, 2022
HiggsHunting2022, Paris 6


