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The EFT picture

MW

Λ
UVmodel Ci(Λ)

RGE Running

Ci(MW ) Observables

Matching

Mapping O(1%)

LSMEFT = LSM +
∑
i
CiQi
Λ2
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Last year at CSI....

Last year at Corfu Summer Institute:

Quantization of SMEFT with d = 6 ops in standard basis

Full set of SMEFT Feynman rules1

SM-like propagators without mixings

Coefficients for the d = 6 operators appear only in vertices

Quantization in linear Rξ-gauges

BRST invariant SMEFT Lagrangian

We have chosen the physical observable h→ γγ to work out
details at 1-loop and up-to 1/Λ2 in EFT expansion

LSMEFT = LSM +
∑

i

CiQi

Λ2
(1)

1arXiv:1704.03888
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Motivation

LHC’s ratio Rh→γγ :

Rh→γγ =
Γ(BSM, h→ γγ)

Γ(SM, h→ γγ)
= 1 + δRh→γγ

ATLAS: Rh→γγ = 0.99+0.15
−0.14 ,

CMS: Rh→γγ = 1.18+0.17
−0.14 .

We want to be as model independent as possible so :

BSM=SMEFT

SMEFT : complete set of d = 6-operators in “Warsaw” basis
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A New Improved Calculation

Prior to our work the most complete calculation had been
performed in References2

Our work3 improves the current state:

1 By exploiting Linear Rξ-gauges

2 Analytic proof of gauge invariance

3 Simple renormalization framework

4 Analytical and Semi-numerical expressions for δRh→γγ

5 Bounds on Wilson coefficients

We are in good agreement with the analysis4

2C. Hartmann and M. Trott, arXiv:1507.03568, 1505.02646
3A.D, M. Paraskevas, J. Rosiek, K. Suxho L. Trifyllis, arXiv:1805.00302
4S. Dawson and P. P. Giardino, arXiv:1807.11504 [hep-ph].
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Operators participating in Rh→γγ

QW = εIJKW Iν
µ W Jρ

ν WKµ
ρ Qeϕ = (ϕ†ϕ)(̄l ′pe

′
rϕ)

Qϕ� = (ϕ†ϕ)�(ϕ†ϕ) Quϕ = (ϕ†ϕ)(q̄′pu
′
r ϕ̃)

QϕD =
(
ϕ†Dµϕ

)∗ (
ϕ†Dµϕ

)
Qdϕ = (ϕ†ϕ)(q̄′pd

′
rϕ)

QϕB = ϕ†ϕBµνB
µν Qll = (̄l ′pγµl

′
r )(̄l ′sγ

µl ′t)

QϕW = ϕ†ϕW I
µνW

Iµν Q
(3)
ϕl = (ϕ†i

↔
D I
µ ϕ)(̄l ′pτ

Iγµl ′r )

QϕWB = ϕ†τ IϕW I
µνB

µν Qϕ = (ϕ†ϕ)3

QeB = (̄l ′pσ
µνe ′r )ϕBµν QeW = (̄l ′pσ

µνe ′r )τ IϕW I
µν

QuB = (q̄′pσ
µνu′r )ϕ̃Bµν QuW = (q̄′pσ

µνu′r )τ I ϕ̃W I
µν

QdB = (q̄′pσ
µνd ′r )ϕBµν QdW = (q̄′pσ

µνd ′r )τ IϕW I
µν
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17 CP-conserving operators (not including flavour and H.c.)
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Diagrams

For the on-shell S-matrix amplitude we need to calculate:5

+ +
h

γ

γ

p1

p2

µ

ν

Γ

+ + ×2 + ×2

Zh h

γ
γ

δm2
Zγ

plus external wave function renormalizations for the photon and
the Higgs required by the LSZ reduction formula.

5We use the complete set of Feynman Rules in SMEFT and in Rξ-gauges
from A.D, W. Materkowska, M. Paraskevas, J. Rosiek, K.Suxho, JHEP 1706,
143 (2017), arXiv:1704.03888
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Examples of Diagrams
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Examples of Diagrams

Only in SMEFT

Athanasios Dedes The decay h → γγ in the SMEFT



8/13

Examples of Diagrams

Athanasios Dedes The decay h → γγ in the SMEFT



8/13

Examples of Diagrams

Only in SMEFT

Athanasios Dedes The decay h → γγ in the SMEFT



9/13

Renormalization

We assume perturbative renormalization. We are working at 1-loop
and up to 1/Λ2 in EFT expansion.

1 We regularize integrals (necessarily!) with DR

2 We use a hybrid renormalization scheme: on-shell in
SM-quantities6 and MS in Wilson coefficients

3 We establish a ξ-independent and renormalization scale
invariant h→ γγ amplitude using the β-functions of Refs7

4 All infinities absorbed by SMEFT parameters’ counterterms

5 A closed expression for the amplitude that respects the
Ward-Identities

6A. Sirlin, Phys. Rev. D22, 1980
7R. Alonso, E. E. Jenkins, A. V. Manohar and M. Trott, arXiv:1308.2627,

arXiv:1310.4838, arXiv:1312.2014
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Renormalization

The renormalized parameters are translated to well measured ones

{ḡ ′, ḡ , v̄ , λ̄, ȳt} −→ {αEM,MZ ,MW ,GF ,Mh,mt}

and the renormalized Wilson coefficients to RG running quantities

C −→ C (µ)

Nothing special w.r.t textbook renormalization technics !!
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One example of a Rh→γγ-piece

A triangle diagram with SMEFT dipole operators affecting the
γ − f̄ − f vertices results in

δR(6)
h→γγ '

2Mh

MW tan θW

∑

f =e,u,d

Nc,fQf ×

×
3∑

i=1

Re

[
r

1/2
fi

D(rfi )

Iγγ

]
1

GFΛ2
(C fB

ii + 2T 3
f tan θWC fW

ii ) .

D(x), Iγγ are analytical loop functions

rf = 4m2
f /M

2
h

C fB,fW
ii -coefficients in fermion mass basis

1/(GFΛ2) SMEFT expansion parameter

large correction if f = u and i = 3 (the top quark)
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One example of a Rh→γγ-piece

Large corrections may occur for Λ = 1 TeV and C = 1:

δR(6)
h→γγ = prefactor× 1

GFΛ2
× SMEFT loop integrals

SM loop integrals

= O(10)× O(10−1)× O(1)

' O(1) .

Not easy to be found without doing the actual calculation
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Results

δRh→γγ =
6∑

i=1

δR(i)
h→γγ

' 0.06

C``1221 − C
ϕ`(3)
11 − C

ϕ`(3)
22

Λ2

 + 0.12

Cϕ� − 1
4
CϕD

Λ2


− 0.01

(
C
eϕ
22 + 4C

eϕ
33 + 5C

uϕ
22 + 2C

dϕ
33 − 3C

uϕ
33

Λ2

)

−
[

48.04− 1.07 log
µ2

M2
W

]
CϕB

Λ2
−
[

14.29− 0.12 log
µ2

M2
W

]
CϕW

Λ2

+

[
26.62− 0.52 log

µ2

M2
W

]
CϕWB

Λ2

+

[
0.16− 0.22 log

µ2

M2
W

]
CW

Λ2

+

[
2.11− 0.84 log

µ2

M2
W

]
CuB

33

Λ2
+

[
1.13− 0.45 log

µ2

M2
W

]
CuW

33

Λ2

−
[

0.03 + 0.01 log
µ2

M2
W

]
CuB

22

Λ2
−
[

0.01 + 0.00 log
µ2

M2
W

]
CuW

22

Λ2

+

[
0.03 + 0.01 log

µ2

M2
W

]
CdB

33

Λ2
−
[

0.02 + 0.01 log
µ2

M2
W

]
CdW

33

Λ2

+

[
0.02 + 0.00 log

µ2

M2
W

]
C eB

33

Λ2
−
[

0.01 + 0.00 log
µ2

M2
W

]
CeW

33

Λ2
+ . . . ,
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Results

δRh→γγ = −
[

48.04− 1.07 log
µ2

M2
W

]
CϕB(µ)

Λ2

−
[

14.29− 0.12 log
µ2

M2
W

]
CϕW (µ)

Λ2

+

[
26.62− 0.52 log

µ2

M2
W

]
CϕWB(µ)

Λ2

+

[
2.11− 0.84 log

µ2

M2
W

]
CuB

33 (µ)

Λ2

+

[
1.13− 0.45 log

µ2

M2
W

]
CuW

33 (µ)

Λ2

. . .

Λ is in TeV units and µ is the renormalization scale parameter
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Results

A renormalization group independent result

Bounds on C ’s from δRh→γγ . 15% for µ = MW

|CϕB |
Λ2

.
0.003

(1 TeV)2
,

|CϕW |
Λ2

.
0.011

(1 TeV)2
,

|CϕWB |
Λ2

.
0.006

(1 TeV)2
,

|C uB
33 |

Λ2
.

0.071

(1 TeV)2
,

|C uW
33 |
Λ2

.
0.133

(1 TeV)2
.

Bounds for CϕWB comparable to the EW ones

Bounds onto all other Wilsons from h→ γγ are an order of
magnitude stronger than other observables (e.g., top-quark)
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Summary

We present:

1 h→ γγ at one-loop in SMEFT with d = 6 operators

2 Confirm a gauge invariant, ξ-independent, amplitude

3 A convenient renormalization scheme

4 Examination of all contributions from CP-conserving operators

5 A compact simple formula for the ratio Rh→γγ
6 Only five CP-conserving operators affect mostly the

amplitude. Bounds set from current LHC data.
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Summary

We present:

1 h→ γγ at one-loop in SMEFT with d = 6 operators

2 Confirm a gauge invariant, ξ-independent, amplitude

3 A convenient renormalization scheme

4 Examination of all contributions from CP-conserving operators

5 A compact simple formula for the ratio Rh→γγ
6 Only five CP-conserving operators affect mostly the

amplitude. Bounds set from current LHC data.

A BSM approach worth pursuing further ...
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