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7 Combined results
The individual results for the channels analysed for the five decay modes, summarised in Ta-
ble 1, are combined using the methods outlined in Section 4. The combination assumes the
relative branching fractions predicted by the SM and takes into account the experimental statis-
tical and systematic uncertainties as well as the theoretical uncertainties, which are dominated
by the imperfect knowledge of the QCD scale and parton distribution functions. The CLs is
shown in Fig. 13 as a function of the Higgs boson mass hypothesis. The observed values are
shown by the solid points. The dashed line indicates the median of the expected results for
the background-only hypothesis, with the green (dark) and yellow (light) bands indicating the
ranges in which the CLs values are expected to lie in 68% and 95% of the experiments under the
background-only hypothesis. The probabilities for an observation, in the absence of a signal, to
lie above or below the 68% (95%) band are 16% (2.5%) each. The thick horizontal lines indicate
CLs values of 0.05, 0.01, and 0.001. The mass regions where the observed CLs values are below
these lines are excluded with the corresponding (1 � CLs) confidence levels. Our previously
published results exclude the SM Higgs boson from 127 to 600 GeV [21]. In the search described
here, the SM Higgs boson is excluded at 95% CL in the range 110 < mH < 121.5 GeV. In the
range 121.5 < mH < 128 GeV a significant excess is seen and the SM Higgs boson cannot be
excluded at 95% CL.
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Figure 13: The CLs values for the SM Higgs boson hypothesis as a function of the Higgs boson
mass in the range 110–145 GeV. The background-only expectations are represented by their
median (dashed line) and by the 68% and 95% CL bands.

7.1 Significance of the observed excess

The consistency of the observed excess with the background-only hypothesis may be judged
from Fig. 14, which shows a scan of the local p-value for the 7 and 8 TeV data sets and their
combination. The 7 and 8 TeV data sets exhibit an excess of 3.2 s and 3.8 s significance, re-
spectively, for a Higgs boson mass of approximately 125 GeV. In the overall combination the
significance is 5.0 s for mH = 125.5 GeV. Figure 15 gives the local p-value for the five decay
modes individually and displays the expected overall p-value.

The largest contributors to the overall excess in the combination are the gg and ZZ decay
modes. They both have very good mass resolution, allowing good localization of the invariant
mass of a putative resonance responsible for the excess. Their combined significance reaches
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5.0 s (Fig. 16). The WW decay mode has an exclusion sensitivity comparable to the gg and ZZ
decay modes but does not have a good mass resolution. It has an excess with local significance
1.6 s for mH ⇠ 125 GeV. When added to the gg and ZZ decay modes, the combined signifi-
cance becomes 5.1 s. Adding the tt and bb channels in the combination, the final significance
becomes 5.0 s. Table 6 summarises the expected and observed local p-values for a SM Higgs
boson mass hypothesis of 125.5 GeV for the various combinations of channels.

Table 6: The expected and observed local p-values, expressed as the corresponding number of
standard deviations of the observed excess from the background-only hypothesis, for mH =
125.5 GeV, for various combinations of decay modes.

Decay mode/combination Expected (s) Observed (s)
gg 2.8 4.1
ZZ 3.8 3.2
tt + bb 2.4 0.5
gg + ZZ 4.7 5.0
gg + ZZ + WW 5.2 5.1
gg + ZZ + WW + tt + bb 5.8 5.0
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Figure 14: The observed local p-value for 7 TeV and 8 TeV data, and their combination as a
function of the SM Higgs boson mass. The dashed line shows the expected local p-values for a
SM Higgs boson with a mass mH.

The global p-value for the search range 115–130 (110–145) GeV is calculated using the method
suggested in Ref. [115], and corresponds to 4.6 s (4.5 s). These results confirm the very low
probability for an excess as large as or larger than that observed to arise from a statistical fluc-
tuation of the background. The excess constitutes the observation of a new particle with a mass
near 125 GeV, manifesting itself in decays to two photons or to ZZ. These two decay modes
indicate that the new particle is a boson; the two-photon decay implies that its spin is different
from one [135, 136].

7.2 Mass of the observed boson

The mass mX of the observed boson is determined using the gg and ZZ decay modes, with
the former dominating the precision of the measurement. The calibration of the energy scale
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Figure 7: Combined search results: (a) The observed (solid) 95% CL
limits on the signal strength as a function of mH and the expec-
tation (dashed) under the background-only hypothesis. The dark
and light shaded bands show the ±1σ and ±2σ uncertainties on the
background-only expectation. (b) The observed (solid) local p0 as a
function of mH and the expectation (dashed) for a SM Higgs boson
signal hypothesis (µ = 1) at the given mass. (c) The best-fit signal
strength µ̂ as a function of mH . The band indicates the approximate
68% CL interval around the fitted value.

are excluded at 99% CL, 113–114, 117–121 and 132–
527GeV, while the expected exclusion range at 99%CL
is 113–532GeV.

9.2. Observation of an excess of events

An excess of events is observed nearmH=126GeV in
the H→ ZZ(∗)→ 4ℓ and H→ γγ channels, both of which
provide fully reconstructed candidates with high reso-
lution in invariant mass, as shown in Figures 8(a) and
8(b). These excesses are confirmed by the highly sen-
sitive but low-resolution H→WW (∗)→ ℓνℓν channel, as
shown in Fig. 8(c).
The observed local p0 values from the combination

of channels, using the asymptotic approximation, are
shown as a function of mH in Fig. 7(b) for the full mass
range and in Fig. 9 for the low mass range.
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Figure 8: The observed local p0 as a function of the hypothesised
Higgs boson mass for the (a) H→ZZ(∗)→ 4ℓ, (b) H→ γγ and (c)
H→WW(∗)→ ℓνℓν channels. The dashed curves show the expected
local p0 under the hypothesis of a SMHiggs boson signal at that mass.
Results are shown separately for the

√
s = 7TeV data (dark, blue), the√

s = 8TeV data (light, red), and their combination (black).

The largest local significance for the combination of
the 7 and 8 TeV data is found for a SM Higgs boson
mass hypothesis of mH=126.5GeV, where it reaches
6.0σ, with an expected value in the presence of a SM
Higgs boson signal at that mass of 4.9σ (see also Ta-
ble 7). For the 2012 data alone, the maximum lo-
cal significance for the H→ ZZ(∗)→ 4ℓ, H→ γγ and
H→WW (∗)→ eνµν channels combined is 4.9σ, and oc-
curs at mH = 126.5GeV (3.8σ expected).
The significance of the excess is mildly sensitive to

uncertainties in the energy resolutions and energy scale
systematic uncertainties for photons and electrons; the
effect of the muon energy scale systematic uncertain-
ties is negligible. The presence of these uncertainties,
evaluated as described in Ref. [138], reduces the local
significance to 5.9σ.
The global significance of a local 5.9σ excess any-

where in the mass range 110–600GeV is estimated to
be approximately 5.1σ, increasing to 5.3σ in the range
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Figure 7: Combined search results: (a) The observed (solid) 95% CL
limits on the signal strength as a function of mH and the expec-
tation (dashed) under the background-only hypothesis. The dark
and light shaded bands show the ±1σ and ±2σ uncertainties on the
background-only expectation. (b) The observed (solid) local p0 as a
function of mH and the expectation (dashed) for a SM Higgs boson
signal hypothesis (µ = 1) at the given mass. (c) The best-fit signal
strength µ̂ as a function of mH . The band indicates the approximate
68% CL interval around the fitted value.

are excluded at 99% CL, 113–114, 117–121 and 132–
527GeV, while the expected exclusion range at 99%CL
is 113–532GeV.

9.2. Observation of an excess of events

An excess of events is observed nearmH=126GeV in
the H→ ZZ(∗)→ 4ℓ and H→ γγ channels, both of which
provide fully reconstructed candidates with high reso-
lution in invariant mass, as shown in Figures 8(a) and
8(b). These excesses are confirmed by the highly sen-
sitive but low-resolution H→WW (∗)→ ℓνℓν channel, as
shown in Fig. 8(c).
The observed local p0 values from the combination

of channels, using the asymptotic approximation, are
shown as a function of mH in Fig. 7(b) for the full mass
range and in Fig. 9 for the low mass range.
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The largest local significance for the combination of
the 7 and 8 TeV data is found for a SM Higgs boson
mass hypothesis of mH=126.5GeV, where it reaches
6.0σ, with an expected value in the presence of a SM
Higgs boson signal at that mass of 4.9σ (see also Ta-
ble 7). For the 2012 data alone, the maximum lo-
cal significance for the H→ ZZ(∗)→ 4ℓ, H→ γγ and
H→WW (∗)→ eνµν channels combined is 4.9σ, and oc-
curs at mH = 126.5GeV (3.8σ expected).
The significance of the excess is mildly sensitive to

uncertainties in the energy resolutions and energy scale
systematic uncertainties for photons and electrons; the
effect of the muon energy scale systematic uncertain-
ties is negligible. The presence of these uncertainties,
evaluated as described in Ref. [138], reduces the local
significance to 5.9σ.
The global significance of a local 5.9σ excess any-

where in the mass range 110–600GeV is estimated to
be approximately 5.1σ, increasing to 5.3σ in the range
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From Discovery of the Higgs to 
probing its properties from 
combinations: 

❖ Production Cross Sections
❖ Decay Branching Ratios 

Stringent tests of the validity of 
the SM 

Potential deviations from SM 
predictions probed in a framework 

of multiplicative modifiers κ 
applied to the SM values of Higgs 

boson couplings 



Content
❖ H combination (γγ, ZZ, WW, 𝞃𝞃, bb), ATLAS, 2015+16+17, 

CONF-2019-005, (note: corresponding CMS combination with 
2016 data: HIG-17-031),

❖ Higgs boson self-coupling, ATLAS, PHYS-PUB-2019-009,

❖ Differential Cross sections, H→γγ, H→ZZ, and H→bb, 
CMS, HIG-17-028, PLB Paper,

❖ VH, H->bb, ATLAS, HIGG-2018-50,

❖ Summary & Discussions.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-028/index.html
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50/


Simplified Template Cross Section (STXS)
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Stages.

Stage 0: Split by production mode (restricted to |YH | < 2.5)
I Replaces Run1-like µ measurements
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Stage 1: Split modes into dominant kinematic regions
I Most (if not all) regions accessible with full Run 2 dataset

= 0-jet

ggF

� 2-jet

pH
T [200,1]

BSM

pH
T [0, 60]

pH
T [60, 120]

pH
T [120, 200]

= 1-jet

pH
T [200,1]

BSM

pH
T [0, 60]

pH
T [60, 120]

pH
T [120, 200]

(+)

(+)

(+) (+)

(+)

� 2-jet

pHjj
T [0, 25]

pHjj
T [25,1]

' 2j

& 3j

pH
T < 200

VBF cuts

pj1
T [200,1]

BSM

pj1
T [0, 200]

pHjj
T [0, 25]

pHjj
T [25,1]

(+) & 3j

' 2j

VBF
(EW qqH incl.V H!qqH)

� 2-jet VBF cuts � 2-jet VH cuts Rest(+)

gg ! ZHqq̄ ! V H

V H

= 0-jet

� 1-jet

pV
T [0, 150]

pV
T [150,1]

(+)

(H+ leptonic V )

pV
T [0, 150]

pV
T [150, 250]

= 0-jet

� 1-jet

pV
T [250,1]

W ! `⌫

(+)

Z ! `` + ⌫⌫̄

= 0-jet

� 1-jet
(+)

pV
T [250,1]

pV
T [0, 150]

pV
T [150, 250]

(+)

I With real-life experience, considering several changes: revised Stage 1.1
(! see later)

Frank Tackmann (DESY) STXS Status Report 2018-12-10 3 / 18

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

❖ Sensitivity to deviations from the SM expectation, 
❖ Avoidance of large theory uncertainties in the corresponding SM predictions, 
❖ Approximately match experimental selections so as to minimise model-dependent extrapolations. 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG


H Combination, 2015+16+17, ATLAS
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ATLAS-CONF-2019-005

All major decay modes 
+ ttH + tH + 
H    invisible 

Number of Selected 
Higgs Events per fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/


Results: σ and σ*B
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ATLAS-CONF-2019-005

Measure 5 production modes cross-sections (σ) Cross sections times branching fraction (σ*B) 

Good overall agreement with SM predictions



Uncertainties 
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❖ Total Systematics ~ Stats Uncertainties,
❖ Theory Systematics ~ Experimental Systematics.

ATLAS-CONF-2019-005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/


First Combined Stage1 STXS results

8

ATLAS-CONF-2019-005

In Stage 1.1 
Extend bin definitions with dedicated sub-bins 
for theory uncertainties 

* Can use the same bin uncertainty methods 
to explicitly probe and account for dominant 
residual uncertainties 
*Allows for smoother binning evolution

The parameters directly extracted from the fit are 
the products (σi × BZZ) and the ratios Bf/BZZ

Note: CMS STXS results in H->ZZ (2016+17+18) 
covered in Christos Anastopoulos’ talk.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/


kappa-framework
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Coupling strength 
modifiers κ are introduced 
to study modifications of 
the Higgs boson couplings 
related to BSM physics. 

ATLAS-CONF-2019-005

7.2 Fermion and gauge boson couplings

The model studied in this section probes the universal coupling strength scale factors V = W = Z for
all vector bosons and F = t = b = ⌧ = µ for all fermions. The e�ective couplings corresponding to
the ggH and H ! �� vertex loops are resolved in terms of the fundamental SM couplings. It is assumed
that there are no invisible or undetected Higgs boson decays, i.e. Binv = Bundet = 0. Only the relative sign
between V and F is physical. As a negative relative sign has been excluded [3], V � 0 and F � 0 are
assumed. These definitions can be applied either globally, yielding two parameters, or separately for each
of the five major decay channels, yielding ten parameters,  fV and  fF with the superscript f indicating the
decay mode. The best-fit values and uncertainties from a combined fit are

V = 1.05 ± 0.04
F = 1.05 ± 0.09.

Figure 12 shows the results of the combined fit in the (V , F ) plane as well as the contributions of the
individual decay modes in this benchmark model. Both V and F are measured to be compatible with the
SM expectation. The compatibility of the SM hypothesis with the best fit point corresponds to a p-value
of pSM = 41%, computed using the procedure outlined in Section 4 with two degrees of freedom. In the
combined measurement a linear correlation of 44% between V and F is observed.
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Figure 12: Negative log-likelihood contours at 68% and 95% CL in the ( fV ,  fF ) plane for the individual decay modes
and their combination (F versus V shown in black) assuming the coupling strengths to fermions and vector bosons
to be positive. No contributions from invisible or undetected Higgs boson decays are assumed. The best fit value for
each measurement is indicated by a cross while the SM hypothesis is indicated by a star.

36

no BSM contributions to the 
Higgs boson decays 

𝜅𝛾·𝜅𝑔/𝜅H
2(𝜅𝑔·𝜅𝛾)*(1-BRundet.-BRinv.)

Good overall agreement with SM predictions

𝜅2 = σ/σSM = Γ/ΓSM

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/


BSM re-interpretations
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ATLAS-CONF-2019-005

Uncertainty breakdown kappa measurement BSM interpretation Action items Summary Backup

BSM interpretation

I Using coupling to each SM particle
I No BSM contribution to total width
I Reparametrization of Z , b, W , t, ⌧

and µ

I 2HDM and hMSSM Higgs coupling limits
placed

I NLL scan of phasespace of model to
build CL contour

I Same parametrization and fitting
framework used by HComb

2HDM
Coupling Type II
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hMSSM 

Regions of the (cos(β - α), tan β) plane of four types of 2HDMs excluded 
by fits to the measured rates of Higgs boson production and decays

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

Large phase-space excluded, closing gaps.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/


Higgs boson self-coupling
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ATL-PHYS-PUB-2019-009

combining up to 80 fb-1 data of the 
analyses targeting the γγ, ZZ∗, 

WW∗, ττ and bb¯ decay

new physics affects only the 
Higgs boson self-coupling 

(λHHH)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/


Differential cross sections for Higgs, CMS
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CMS-HIG-17-028

A combination of differential cross 
sections for the Higgs transverse 

momentum pT
H, the number of jets, 

the rapidity of the Higgs boson, and 
the pT of the leading jet

35.9 fb−1 data, H→γγ, H→ZZ, 
and H→bb

The measured total cross section is 
61.1 ± 6.0 (stat) ± 3.7 (syst) pb

No significant deviations from the 
standard model are observed in any 

differential distribution.



Results
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CMS-HIG-17-028

The spectra obtained are interpreted in the κ-framework 
Simultaneous variations of κb and κc, κt and κb, and κt and 
the cg are fitted to the pT

H. 

The limits obtained: 
−1.1<κb<1.1 & −4.9<κc<4.8 at 95% CL, BR scaling with 
couplings following the SM. 
For the κc bounds are comparable with direct searches 
with charm quarks in the final state. 

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-028/index.html


VH, H→bb, ATLAS
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Bonus Slide HIGG-2018-50

Cross-section measurements are performed in STSX framework using 79.8 fb−1.
All measurements are found to be in agreement with the SM, and limits are set on the EFT

Covered in Sebastian Wozniews’ talk too.

Intervals for cHW, cHB, cW-cB and cd when the other coefficients are assumed to 
vanish. For 2 of these parameters the constraint has a precision of a few percent. 
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Figure 3: Measured VH, V ! leptons reduced stage-1 simplified template cross-sections times the H ! bb̄ branching
ratio.

EW symmetry breaking. Among such operators, four directly a�ect the VH cross-sections because they
introduce new Higgs boson interactions with W bosons (OHW , OW ) and Z bosons (all four operators):

• OHW = i (DµH)† �a (D⌫H)Wa
µ⌫,

• OHB = i (DµH)† (D⌫H) Bµ⌫,

• OW =
i
2

✓
H†�a

$
DµH

◆
D⌫Wa

µ⌫,

• OB =
i
2

✓
H† $

DµH
◆
@⌫Bµ⌫.

The corresponding CP-odd operators ÕHW , ÕHB, ÕW , and ÕB, are not considered.

Modifications of the gg ! ZH production cross-section are only introduced by either higher-dimension
(D � 8) operators or corrections that are formally at NNLO in QCD, and are not included in this study, in
which the expected gg ! ZH contribution is kept fixed to the SM prediction.

The operator Od = yd |H |2Q̄LHdR (plus Hermitian conjugate) with Yukawa coupling strength yd, which
modifies the coupling between the Higgs boson and down-type quarks, induces variations of the partial
width �bbH and of the total Higgs boson width �H , and therefore of the H ! bb̄ branching ratio. This
operator a�ects the measured cross-sections in the same way in each region.

Constraints are set on the coe�cients of the five OW , OB, OHW , OHB and Od operators in the ‘Higgs
E�ective Lagrangian’ (HEL) implementation [47], using the known relations between such coe�cients
and the stage-1 STXS based on leading-order predictions [48]. Such relations include interference terms
between the SM and non-SM amplitudes that are linear in the coe�cients and of order 1/⇤2, and the
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4 operators directly affect the V H cross-sections 
because they introduce new Higgs boson 
interactions with W (OHW , OW) and Z.

Note: the corresponding CP-odd operators are not considered. 

Constraints are set on the coefficients of the five 
OW, OB, OHW, OHB and Od operators in in the ‘Higgs 
Effective Lagrangian’ (HEL) implementation,

SM-independent contributions that are quadratic in the coe�cients and of order 1/⇤4. In the HEL
implementation, the coe�cients ci of interest are recast into the following dimensionless coe�cients:

c̄HW =
m2
W

g

cHW

⇤2 , c̄HB =
m2
W

g0
cHB

⇤2 , c̄W =
m2
W

g

cW
⇤2 , c̄B =

m2
W

g0
cB
⇤2 , c̄d = v2 cd

⇤2 ,

where g and g0 are the SU(2) and U(1) SM gauge couplings, and v is the vacuum expectation value of the
Higgs boson field. These dimensionless coe�cients are equal to zero in the SM.

The sum c̄W + c̄B is strongly constrained by precision EW data [49] and is thus assumed here to be zero,
and constraints are set on c̄HW , c̄HB, c̄W � c̄B and c̄d. The relations between the HEL coe�cients and
the reduced STXS measured in this paper are obtained by averaging the relations for the regions that are
merged with weights proportional to their respective cross-sections.

Simultaneous maximum-likelihood fits to the five STXS measured in the 5-POI scheme are performed to
determine c̄HW , c̄HB, c̄W � c̄B and c̄d. Due to the large sensitivity to the Higgs boson anomalous couplings
to vector bosons provided by the pVT > 250 GeV cross-sections, the 5-POI results place tighter constraints
on these coe�cients (e.g. approximately a factor two for c̄HW ) than do the 3-POI results. For this reason,
constraints obtained with the 3-POI results are not shown here.

In each fit, all coe�cients but one are assumed to vanish, and 68% and 95% confidence level (CL)
one-dimensional intervals are inferred for the remaining coe�cient. The negative-log-likelihood one-
dimensional projections are shown in Figure 4, and the 68% and 95% CL intervals for c̄HW , c̄HB, c̄W � c̄B
and c̄d are summarised in Table 4. The parameters c̄HW and c̄W � c̄B are constrained at 95% CL to be
no more than a few percent, while the constraint on c̄HB is about five times worse, and the constraint
on c̄d is of order unity. For comparison, Table 4 also shows the 68% and 95% CL intervals for the
dimensionless coe�cients when the SM-independent contributions, which are of the same order (1/⇤4)
as the dimension-8 operators that are neglected, are not considered. The constraints are typically 50%
stronger than when the SM-independent contributions are not neglected.
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dimensional projections are shown in Figure 4, and the 68% and 95% CL intervals for c̄HW , c̄HB, c̄W � c̄B
and c̄d are summarised in Table 4. The parameters c̄HW and c̄W � c̄B are constrained at 95% CL to be
no more than a few percent, while the constraint on c̄HB is about five times worse, and the constraint
on c̄d is of order unity. For comparison, Table 4 also shows the 68% and 95% CL intervals for the
dimensionless coe�cients when the SM-independent contributions, which are of the same order (1/⇤4)
as the dimension-8 operators that are neglected, are not considered. The constraints are typically 50%
stronger than when the SM-independent contributions are not neglected.
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Note: These dimensionless coefficients are 
equal to 0 in the SM 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50/


Summary
❖ Well established collaboration between theorist and experimentalists (CMS, 

ATLAS) in Higgs Sector,  

❖ Steady Higgs Combination program at the LHC,

❖ Precise Higgs measurements, e.g signal strength uncertainties <10%,

❖ Probing SM in all interesting/accessible phase space, STXS, so far results in 
all regions are found to be compatible with SM predictions, 

❖ Statistical uncertainties ~ Systematics uncertainties, and with full Run2 
systematics becomes more and more important,

❖ Further improvements expected for rarer modes (μμ, ccbar, Zγ…),

❖ Some discussion points on next slide,
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Discussions
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❖ Inclusive measurements is complete for the main production (ggF, VBF, 
VH, ttH) and decay (γγ, ZZ, WW, bb, ττ), modes, with ATLAS 
reporting 5σ for each, 

❖ Focusing now in the kinematics rather than the inclusive rate,
❖ The kinematics are probed through differential/fiducial measurements 

and especially through STXS. A lot of ATLAS and CMS results for the 
Winter conferences, 

❖ For the theory side, useful could be things relating to EFT (full NLO 
computation and implementation in MC generators, full uncertainties 
including EW corrections), and how to parameterise the final state 
information so it can be included in the interpretation…

❖ How to best estimate and model theory uncertainties on the shape of 
the pt distribution.

Input from the Higgs Combination group @ ATLAS
and CMS Higgs conveners



Backup
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H Combination, ATLAS
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STXS
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Defining Properties.

Cross sections in truth regions defined in terms of production mode and
kinematic regions

Allow complex, optimal experimental selections by allowing for some
acceptance corrections and extrapolations
Use simple truth definitions abstracted from measurement categories

I Avoid large or unnecessary extrapolations or theory dependences in the
measurement

SM processes act as kinematic templates
I Only assume SM behaviour inside each bin and production mode, but not

between different bins and production modes.
I If this becomes limitation, further split bins and/or add additional templates

(e.g. CP-odd Higgs)

Designed for combination of all Higgs decay channels
Non-Higgs backgrounds are subtracted
Inclusive over the Higgs decays (only cut on Higgs rapidity)

Common object definitions
Frank Tackmann (DESY) STXS Status Report 2018-12-10 2 / 18



Coupling Strength Modifiers 
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