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STXS introduction

LHC Higgs working group has defined standard binning for cross 
section measurements using unfolding (‘diffXS’) or SM template 
distributions (‘STXS’) 

The standards allow for public ‘tools’ mapping the measurements to EFT 
parameters 

Hope to extend to EW measurements (joint LHC Higgs + EW meeting)  

STXS vs diffXS: 
- STXS implemented in workspaces as an intermediate translation of 

data: effectively a direct fit to data 
- STXS can better fit low-statistics regions (no unfolding) 
- STXS relies on SM distributions for extrapolations within bins and 

migrations across bins 
- Leads to theory uncertainties and potential model-dependence 
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STXS fit strategy

General strategy is to start with simplest fit and add detail based on 
expected impact  

First attempt: 
- Use LO HEL implementation of SILH basis in Madgraph 

- Update to more complete Warsaw basis or NLO when available 

- Reduce parameter set using external constraints 
- Take tightly constrained parameters to be zero 
- Can relax to Gaussian constraints to check impact 

- Also can include running and theory uncertainties when available 

- Use equations relating STXS to EFT parameters to fit the data  

Documenting tools and procedures in a Higgs WG note with V. Sanz
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External constraintsTable 1: The dimension-6 HEL operators a↵ecting Higgs and diboson production, and
the constraints on the coe�cients expressed in terms of the HEL parameters (shown in
monospace font).

Operator Coe�cient Constraint

Og = g2
s

m2
W
|H|2GA

µ⌫G
Aµ⌫ c0g = m2

W
⇤2 16⇡2cG (�0.050, 0.017)

Õg = g2
s

m2
W
|H|2GA

µ⌫G̃
Aµ⌫ c̃0g = m2

W
⇤2 16⇡2tcG (�0.019, 0.019)

O� = g02

m2
W
|H|2Bµ⌫B

µ⌫ c0� = m2
W

⇤2 16⇡2cA (�0.17, 0.035)

Õ� = g02

m2
W
|H|2Bµ⌫B̃

µ⌫ c̃0� = m2
W

⇤2 16⇡2tcA (�0.19, 0.19)

Ou = yu
v2 |H|2uLHuR + h.c. cu = v2

⇤2cu

Od = yd
v2 |H|2dLHdR + h.c. cd = v2

⇤2cd

O` = y`
v2 |H|2`LH`R + h.c. c` = v2

⇤2cl

OH = 1
2v2

�
@µ|H|2�2

cH = v2

⇤2cH

O6 = �
v2

⇣
H†H

⌘3
c6 = v2

⇤2c6

OHW = ig
m2

W
(DµH)† �a(D⌫H)W a

µ⌫ cHW = m2
W

⇤2 cHW (�0.035, 0.015)

ÕHW = ig
m2

W
(DµH)† �a(D⌫H)W̃ a

µ⌫ c̃HW = m2
W

⇤2 tcHW (�0.06, 0.06)

OHB = ig0

m2
W

(DµH)† (D⌫H)Bµ⌫ cHB = m2
W

⇤2 cHB (�0.045, 0.075)

ÕHB = ig0

m2
W

(DµH)† (D⌫H)B̃µ⌫ c̃HB = m2
W

⇤2 tcHB (�0.23, 0.23)

OW ±OB = ig
2m2

W

⇣
H†�aDµH

⌘
D⌫W a

µ⌫ cW�B = m2
W

⇤2 (cWW� cB) (�0.035, 0.005)

± ig0

2m2
W

⇣
H†DµH

⌘
@⌫Bµ⌫ cW+B = m2

W
⇤2 (cWW + cB) (�0.0033, 0.0018)

O3W = g3

m2
W

✏ijkW
i
µ⌫W

⌫j
⇢ W ⇢µk c3W = m2

W
⇤2 c3W (�0.083, 0.045)

Õ3W = g3

m2
W

✏ijkW
i
µ⌫W

⌫j
⇢ W̃ ⇢µk c̃3W = m2

W
⇤2 tc3W (�0.18, 0.18)

The operators sensitive to Higgs boson production and decay include those involving
the e↵ective Hgg and H�� vertices Og and O� , respectively, along with their CP-
violating counterparts Õg and Õ� . These operators are constrained by gluon fusion
production and by Higgs-boson decay to diphotons [4]. Measurements do not yet have
direct sensitivity to the CP-violating operators but constraints have been derived by
assuming that they are the only non-zero operators [5]. These constraints are given in

2

Operators constrained by Higgs & EW data 
Constraints taken from global Run 1 fit by Ellis, Sanz, and You  
CP-violating operators constrained from individual fits
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External constraints
Table 2: The dimension-6 HEL operators a↵ecting Electroweak and QCD processes,
and the constraints on the coe�cients expressed in terms of the HEL parameters (shown
in monospace font).

Operator Coe�cient Constraint

OT = 1
2v2

⇣
H†DµH

⌘2
cT = v2

⇤2cT (�0.0043, 0.0033)

O2W = g2

m2
W

DµW k
µ⌫D⇢W

⇢⌫
k c2W = m2

W
⇤2 c2W

O2B = g2

m2
W

@µBµ⌫@⇢B
⇢⌫ c2B = m2

W
⇤2 c2B

Ou
R = 1

v2

⇣
iH†DµH

⌘
(ūR�µuR) cu

R = v2

⇤2cHu (�0.011, 0.011)

Od
R = 1

v2

⇣
iH†DµH

⌘ �
d̄R�µdR

�
cd
R = v2

⇤2cHd (�0.042, 0.0044)

Oe
R = 1

v2

⇣
iH†DµH

⌘
(ēR�µeR) ce

R = v2

⇤2cHe (�0.0018, 0.00025)

Oq
L = 1

v2

⇣
iH†DµH

⌘ �
Q̄L�µQL

�
cq
L = v2

⇤2cHQ (�0.0019, 0.0069)

O(3)q
L = 1

v2

⇣
iH†�aDµH

⌘ �
Q̄L�a�µQL

�
c
(3)q
L = v2

⇤2cpHQ (�0.0044, 0.0044)

O(3)L
LL = 1

v2

�
L̄L�a�µLL

� �
L̄L�a�µLL

�
c
(3)l
LL (�0.0013, 0.00075)

O3G = g3
s

m2
W

fabcG
a
µ⌫G

⌫b
⇢ G⇢µc c3G = m2

W
⇤2 c3G (�0.00026, 0.00026)

Õ3G = g3
s

m2
W

fabcG
a
µ⌫G

⌫b
⇢ G̃⇢µc c̃3G = m2

W
⇤2 tc3G

O2G = g2
s

m2
W

DµGa
µ⌫D⇢G

⇢⌫
a c2G = m2

W
⇤2 c2G

Table 1.
The Yukawa-type operators involving Hff interactions are Ou, Od, and O`, a↵ect-

ing tt̄H, H ! bb̄, and H ! ⌧⌧ processes, respectively. Operators involving only the
Higgs field, OH and O6, a↵ect the Higgs field normalization and the Higgs self-coupling,
respectively. These are not well constrained: the Higgs-field normalization is a sublead-
ing e↵ect in most processes, and experimental sensitivity to the Higgs pair-production
cross section is an order of magnitude higher than the SM prediction.

Operators a↵ecting Higgs boson interactions with weak bosons include OHW , OHB,
OW , and OB. Measurements of VBF and VH production, and of H ! V V decay,
constrain the first two operators and the combination OW � OB. The combination
OW +OB is related to the Peskin-Takeuchi S parameter [6] that is tightly constrained
by Electroweak precision measurements. The operator O3W is constrained by diboson
production and by VBF production of a single weak boson. Constraints on the corre-
sponding CP-violating operators ÕHW , ÕHB, and Õ3W have been obtained assuming

3

Operators constrained by EW & QCD data 
EW constraints taken from global fit by Ellis, Sanz, and You  
QCD constraint taken from individual fit by Krauss, Kuttimalai, and Plehn 

12 additional HEL operators not constrained  
Four-fermion operators not implemented in HEL
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Mapping STXS to EFT

= 0-jet

ggF

≥ 2-jet

pH
T [200,∞]

BSM

pH
T [0, 60]

pH
T [60, 120]

pH
T [120, 200]

= 1-jet

pH
T [200,∞]

BSM

pH
T [0, 60]

pH
T [60, 120]

pH
T [120, 200]

(+)

(+)

(+) (+)

(+)

≥ 2-jet

p
Hjj
T [0, 25]

p
Hjj
T [25,∞]

≃ 2j

! 3j

pH
T < 200

VBF cuts

p
j1
T [200,∞]

BSM

p
j1
T [0, 200]

p
Hjj
T [0, 25]

p
Hjj
T [25,∞]

(+) ! 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,∞]

(+)

(H+ leptonic V )

pV
T [0, 150]

pV
T [150, 250]

= 0-jet

≥ 1-jet

pV
T [250,∞]

W → ℓν

(+)

Z → ℓℓ + νν̄

= 0-jet

≥ 1-jet

(+)

pV
T [250,∞]

pV
T [0, 150]

pV
T [150, 250]

(+)

(EW qqH)

ggF bb̄H tHtt̄HVBF

(H+ leptonic V )

V H

qq̄ →WH

qq̄ → ZH

gg → ZH

VBF

H+ had. V

(Run1-like)

Use “Stage 1” STXS:

Can update to Stage 1.5 or Stage 2 when available / appropriate

other operators are zero; Table 1 shows the constraints from Ref. [5].
Other operators enter Higgs boson production and decay but are tightly constrained

by precision Electroweak and QCD data. The operator OT is related to the Peskin-
Takeuchi T parameter. Forward-backward asymmetry measurements constrain opera-
tors with V ff interactions: Ou

R, Od
R, Oe

R, Oq
L, and O(3)q

L . Finally, the operator a↵ecting
the triple-gluon vertex, O3G, is constrained by multijet measurements [7].

Twelve operators in the HEL implementation have not been included in global
Higgs and Electroweak fits, and are not shown in Tables 1 and 2. Several operators are
redundant and related via the following equations:

3 Equations relating STXS to EFT parameters

We use a general set of equations relating the stage-1 STXS measurements to the
SM EFT parameters, and use a Monte Carlo calculation to determine the coe�cients.
The equations are derived using the implementation of the SILH basis in Madgraph
referred to as the Higgs E↵ective Lagrangian (HEL). The STXS measurements are
�i ⇥ B4`, where i is a kinematic region of a specified production process (gluon fusion,
vector-boson fusion, V H, ttH, tH, and bbH), and Bf/B4`, where f is a Higgs-boson
decay channel.

Defining each production process as in the STXS framework, the EFT parameters
are varied to determine the change in each cross section and partial width. A given
cross section can be expressed in the form,

�EFT = �SM + �int + �BSM . (1)

We express the non-SM contributions as fractional corrections to the SM,

�int

�SM
=

X

i

Aici,

�BSM

�SM
=

X

ij

Bijcicj , (2)

where ci are the dimension-6 operator coe�cients and Ai and Bij are coe�cients derived
using the Madgraph calculation from the process diagrams. The ci coe�cients have
a 1/⇤2 dependence, where ⇤ is the suppression scale in the EFT. The leading term
in the inverse suppression scale is the interference term; here we keep also the SM-
independent term since it can be the leading term when the interference is small (e.g.
due to symmetries). In such cases the suppression-scale dependence is the same as
that of the interference terms with a dimension-8 vertex or two dimension-6 vertices; in
principle one should estimate the e↵ects of dimension-8 terms when the SM-independent

4
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Mapping STXS to EFT

Take cross sections and decay widths to be quadratic functions of EFT 

Have validated approximation to substantially higher accuracy than data
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principle one should estimate the e↵ects of dimension-8 terms when the SM-independent

4
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term is dominant. To perform a fit without SM-independent terms one could simply
set Bij = 0.

The partial widths are parametrized in the same way as the cross sections (� ! �),
with the ratios of partial widths expressed as

B4` =
�4`P
f �f

⇡ �SM
4`P

f �SM
f

2

41 +
X

i

A4`
i ci +

X

ij

B4`
ij cicj �

X

f

0

@
X

i

Af
i ci +

X

ij

Bf
ijcicj

1

A

3

5 ,

�f

�4`
⇡ �SM

f

�SM
4`

2

41 +
X

i

Af
i ci +

X

ij

Bf
ijcicj �

0

@
X

i

A4`
i ci +

X

ij

B4`
ij cicj

1

A

3

5 . (3)

Here we neglect cross-terms of the form A4`Af since they are subleading compared to
the individual A terms.

To determine the A and B coe�cients, the Madgraph options NP2 == 1 and NP2 == 2
are used. The former option directly provides the interference term for each EFT pa-
rameter; the latter provides the BSM terms for individual parameters and combinations
of parameters, from which the cross-terms Bij (i 6= j) can be derived. The Madgraph
syntax for each process is given in the Appendix.

Since the equations are calculated at leading order, we remove terms whose A or
B coe�cient is < 1/(16⇡)2 times that of the leading corresponding A or B coe�cient.
These terms could be relevant in a next-to-leading order calculation where corrections
with 1/(16⇡)2 factors are included, or if the leading term is smaller than this factor for
other reasons. Also, for the loop-level e↵ective H�� and Hgg couplings we multiply
the coe�cients by (16⇡)2 so that they are of the same order as the other coe�cients
(i.e. we define the interference factor as Ag(16⇡2cg) = Agc

0

g, and similarly for c0

� and
the corresponding CP-odd coe�cients c0

�̃ and c0

g̃).
The equations for the production cross sections are shown in Table 3, and those for

the partial widths in Table 4.

4 Fit procedure

5 Summary
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5

Madgraph options available to directly evaluate Ai and Bij for i = j 
(Not yet available for NLO?) 

Need to subtract two calculations to get Bij for i ≠ j 

Initial fit: Keep Bij in fit in case interference is suppressed 
Should not be too model-dependent since Bij is leading SM-independent term 
Can also fit with Bij = 0 to test impact 
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Equations relating STXS to EFT

At LO could use gg→H jet binning to constrain c2G and c3G in situ

Do not include terms where coefficient is less than 0.1% of leading term 
(expect NLO to become relevant)

Table 3: The equations for each STXS kinematic region for stage 1 of reference [3]
relative to the SM (�i/�SM

i and �i/�SM
i ), at leading order in the SM EFT in the SILH

basis. The equations are derived with the Madgraph generator and include showering
with Pythia for determining the kinematic regions.

Cross-section region
P

i Aici
P

ij Bijcicj

gg ! H (0-jet)
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g + c02
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g + c02
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g + c02
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Equations relating STXS to EFT
Table 4: The equations for the Higgs-boson partial widths relative to the SM (�i/�SM

i ),
at leading order in the SM EFT in the SILH basis.
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H ! gg
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Example: fit to two channels (ZZ and 𝜸𝜸) could constrain  
cg’, c𝜸', cHW, cHB, cW-B, cu (also c2G, c3G at expense of cu?) 

Ideally incorporate top data to constrain cuG, jet data to constrain  
c2G and c3G
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Issues

EW scheme not clear in HEL 
Appears to have mW, 𝜶EM and GF as inputs 
mZ given by the equation: 

Since mZ includes fit parameters we should constrain it to SM prediction 

What is SM prediction of mZ in this EW scheme?   
Based on usual mW prediction, expect ~91.19 GeV with ~15 MeV uncertainty 

No clear EFT uncertainty prescription 
- would also help motivate truncation cutoff 

Need to define fit ranges 
- what upper bound on ci to use? 
- what minimum scale for validity?

mZ2 = mZ2
SM

[
1− cT +

8cA sin4(θW ) + 2cWW cos2(θW ) + cB sin2(θW )

cos2(θW )

]


