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The SMEFT

SMEFT = Effective Field Theory with SM fields + symmetries

a Taylor expansion in canonical dimensions pv ,E{Λq:

LSMEFT “ LSM ` 1

Λ
L5 ` 1

Λ2
L6 ` 1

Λ3
L7 ` 1

Λ4
L8 ` . . .

Ln “ ř

i CiO
d“n
i Ci free parameters ( Wilson coefficients )

Oi invariant operators that form

a complete basis

U describes impact of any UV
§ nearly decoupled: Λ " v ,E

§ converges to SM in the limit E ! Λ

U not just a parameterization but a consistent QFT Ñ loops, RGE etc.
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An important observable: the Higgs width

a crucial observable for the Higgs sector

SM: ΓH » 4 MeV Ñ ΓH
mH

» 3 ¨ 10´5 ! 1

ñ Higgs measurements can be factored into

σpi Ñ Hq ˆ BrpH Ñ f q
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An important observable: the Higgs width

a crucial observable for the Higgs sector

SM: ΓH » 4 MeV Ñ ΓH
mH

» 3 ¨ 10´5 ! 1

ñ Higgs measurements can be factored into

σpi Ñ Hq ˆ BrpH Ñ f q

SMEFT: probe separately production and decay U

BrSMEFTpH Ñ f q “
„

ΓpH Ñ f q
ΓtotH



SM

«

1 ` δΓpH Ñ f q
ΓSMpH Ñ f q ´ δΓtotH

ΓtotH,SM

ff

§ both δΓpH Ñ f q and δΓtotH need to be determined

§ δΓtotH enters all processes Ñ strong impact on global SMEFT analyses!
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The Higgs width in the SMEFT - setup

Focus on the leading contributions:

§ LO in the EFT: up to SM - L6 interference.

ΓH “ ΓH,SM

„

1 ` δΓH
ΓH,SM



δΓH
ΓH,SM

“
ÿ

i

ai C̄i “
ÿ

i

ai

ˆ

Ci

v2

Λ2

˙

§ tree level.

SM couplingsHγγ,HZγ,Hgg included as effective vertices for H Ñ f f̄ γ { γγ { gg .

Neglected in other channels.

§ up to 4-body decays.
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ΓH “ ΓH,SM

„

1 ` δΓH
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

δΓH
ΓH,SM

“
ÿ

i

ai C̄i “
ÿ
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ai

ˆ
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v2
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˙

§ tree level.

SM couplingsHγγ,HZγ,Hgg included as effective vertices for H Ñ f f̄ γ { γγ { gg .

Neglected in other channels.

§ up to 4-body decays.

Conventions and assumptions:

§ Warsaw basis Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884

§ Up3q5 flavor symmetry Ñ gHff „ yf also in the SMEFT

§ inclusive calculation, not differential Ñ CP odd terms do not contribute

§ 2 input schemes: tmW ,mZ ,GF u, tαem,mZ ,GF u ù backup
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The Higgs width in the SMEFT

leading channels:

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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The Higgs width in the SMEFT

leading channels:

ΓpH Ñ f̄ f q

ΓSMpH Ñ f̄ f q
» 1 ` 2δgHff

δgHff “ C̄H˝ ´
C̄HD

4
´ C̄

p3q
Hl `

C̄ 1
ll

2
´

5

2
C̄fH

Alonso,Jenkins,Manohar,Trott 1312.2014

§ renorm. of the H field

§ contrib. to µ decay Ñ GF Ñ v

§ direct OfH contribution
`

´ 3
2
C̄fH

˘

+
contrib. to mf Ñ yf

`

´C̄fH

˘

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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The Higgs width in the SMEFT

leading channels:

Γph Ñ ggq

ΓSMph Ñ ggq
» 1 `

16π2

g2
s I g

C̄HG , I g » 0.375

Manohar,Wise 0601212

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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The Higgs width in the SMEFT

leading channels:

Γph Ñ γγq

ΓSMph Ñ γγq
» 1`

16π2

e2Iγ
Cγγ , Iγ » ´1.65

Cγγ “ s2θC̄HW ` c2θ C̄HB ´ sθcθC̄HWB

Bergström,Hulth Nucl.Phys.B259(1985)137
Manohar,Wise 0601212

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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The Higgs width in the SMEFT

leading channels:

Γph Ñ γγq

ΓSMph Ñ γγq
» 1`

16π2

e2Iγ
Cγγ , Iγ » ´1.65

Cγγ “ s2θC̄HW ` c2θ C̄HB ´ sθcθC̄HWB

Bergström,Hulth Nucl.Phys.B259(1985)137
Manohar,Wise 0601212

Ñ
Ñ

Ñ

loop-factor enhancement
in the relative correction:

tree-level SMEFT vs loop SM

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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The Higgs width in the SMEFT

leading channels:

available as H Ñ ZZ˚, H Ñ WW ˚ ˆ BrpZ ,W q
relying on narrow width approx. for Z ,W .

good in SM but not sufficient in the SMEFT!

main reason: tree γγ,Zγ mediated diagrams

also missing:

§ CC - NC interference

§ crossed-current interference in ZZ diagrams

§ δΓV , δm
2
V corrections for off-shell boson

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br
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H Ñ 4f in the SMEFT

① corrections to SM diagrams

9 gµν (SM-like)
9 gµνp¨q´pνqµ (ZµνZ

µνh)
δgL, δgR

´imZδΓZ ` p2mZ ´ iΓZ qδmZ

p2 ´ m2
Z ` iΓZmZ

Ò
hard to extract from

MC simulation!
full treatment requires
analytic calculation
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H Ñ 4f in the SMEFT

① corrections to SM diagrams

9 gµν (SM-like)
9 gµνp¨q´pνqµ (ZµνZ

µνh)
δgL, δgR

´imZδΓZ ` p2mZ ´ iΓZ qδmZ

p2 ´ m2
Z ` iΓZmZ

② genuine SMEFT diagrams

h

γ

γ
h

γ(Z)

Z(γ)
h

Z

h
W−
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H Ñ 4f in the SMEFT - complexity

h Ñ e`e´e`e´

SM

h

Z

Z

+
h

Z

Z

interfering with

h

Z

Z

+
h

γ(Z)

Z(γ)

+
h

γ

γ

+
h

Z

+

h

Z

Z

+
h

γ(Z)

Z(γ)

+
h

γ

γ

+
h

Z
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H Ñ 4f in the SMEFT - complexity

h Ñ ū u d̄ d

SM

h

Z

Z

+
h

W−

W+

interfering with

h

Z

Z

+
h

γ(Z)

Z(γ)

+
h

γ

γ

+
h

Z

+

h

W−

W+

+
h

W−
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H Ñ 4f - analytic calculation

fully analytical treatment. automated with general decomposition:

AA
: „ gHV1V2 gHV3V4

ÿ

n

T
pnq

T
pnq “ Kpnq

´

g
ij,V1

L,R , g
ij,V3

L,R , g
kl,V2

L,R , g
kl,V4

L,R

¯

F
pnq
V1V2V3V4

ppa,maq , a “ ti , j , k , lu

for ma ” 0 there are only 8 independent FV1V2V3V4 . For each tV u set:

§ numerical integration of phase space: Vegas in Mathematica T. Hahn 0404043

§ cross-check: RAMBO + 2 independent parameterizations of phase space
Kleiss,Stirling,Ellis
Comput.Phys.Commun.40(1986)359
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H Ñ 4f - results

Example: H Ñ e`e´µ`µ´ mf ” 0, mW scheme

δΓpH Ñ e`e´µ`µ´q

ΓSMpH Ñ e`e´µ`µ´q
“

ÿ

i

ai C̄i “
ÿ

i

ai

ˆ

Ci
v2

Λ2

˙

C̄HW C̄HB C̄HWB C̄H˝
C̄HD C̄

p1q
Hl

C̄
p3q
Hl

C̄He C̄
p1q
Hq

C̄
p3q
Hq

C̄Hu C̄Hd C̄ 1
ll

Z -0.78 -0.22 0.30 2 0.17 4.38 -1.62 -3.52 3.

A 1.04 -1.08 -0.68

E -2.23 -2.23 1.80

G -0.38 0.06 0.15 1.14 0.15 -0.39 -1.34 -0.20 0.15 -0.83

tot 0.26 -1.30 -0.76 2. 0.23 2.30 -2.71 -1.58 -0.39 -1.34 -0.20 0.15 2.17

Z corrections to SM diagram

A γ diagrams

E contact diagrams (HZee)

G δΓtot
Z

{ΓZ ,SM on + off-shell Z
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Impact of previously neglected contributions

(1) photon-mediated diagrams

Op1 ´ 250q% effect

with γ without γ

C̄HW C̄HB C̄HWB C̄HW C̄HB C̄HWB

h Ñ e`e´µ`µ´ 0.26 -1.30 ´0.38 ´0.77 -0.22 0.30

h Ñ ūuc̄c 1.45 -2.63 -0.29 -0.77 -0.22 1.33

h Ñ e`e´d̄d 0.50 -1.55 ´0.37 ´0.77 -0.22 0.47

h Ñ e`e´e`e´ 0.02 -2.28 0.27 -0.76 -0.21 0.44

h Ñ ūuūu 1.39 -2.72 -0.14 -0.76 -0.21 1.19

h Ñ e`e´ν̄eνe ´1.49 0.01 ´0.06 ´1.48 ´0.007 ´0.07
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Impact of previously neglected contributions

(2) Z ´W interference terms

Op1 ´ 200q% effect

δΓpH Ñ e`e´ν̄eνeq{ΓSM omitting γ and δΓZ , δΓW contrib.

C̄HW C̄HB C̄HWB C̄H˝
C̄HD C̄

p1q
Hl

C̄
p3q
Hl

C̄He C̄
p1q
Hq

C̄
p3q
Hq

C̄Hu C̄Hd C̄ 1
ll

ZZ -0.04 -0.01 -0.003 0.09 -0.008 0.004 -0.19 -0.04 0 0 0 0 0.14

WW -1.49 0 0 2.0 -0.50 0 -3.77 0 0 0 0 0 3.00

WZ 0.04 0.004 -0.06 -0.10 -0.04 -0.01 0.21 0 0 0 0 0 -0.14

full -1.49 -0.007 -0.07 2. -0.55 -0.008 -3.74 -0.04 0 0 0 0 3.

NW -1.46 -0.01 -0.003 2. -0.49 0.004 -3.77 -0.04 0. 0. 0. 0. 3.

full ZZ ` WW ` WZ

NW ZZ ` WW
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Impact of previously neglected contributions

(3) NC crossed - interference terms

Opfew ´ 40q% effect

h

Z

Z
h

Z

Z

δΓpH Ñ e`e´e`e´q{ΓSM incl. only ZZ and HZee diagrams

C̄HW C̄HB C̄HWB C̄H˝
C̄HD C̄

p1q
Hl

C̄
p3q
Hl

C̄He C̄
p1q
Hq

C̄
p3q
Hq

C̄Hu C̄Hd C̄ 1
ll

full -0.75 -0.22 0.43 2. 0.28 2.09 -3.91 -1.64 0 0 0 0 3.

NW -0.78 -0.221 0.30 2. 0.17 2.15 -3.85 -1.73 0. 0. 0. 0. 3.

full |Aijkl |
2 ` |Ailkj |

2 ` 2ReAijklA
:
ilkj

NW |Aijkl |
2 ` |Ailkj |

2
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Impact of previously neglected contributions

(4) δΓ
V

, δm
V

from off-shell boson

Opfewq% effect

narrow width approx.:
δΓpH Ñ VV ˚ Ñ 4f q
ΓSMpH Ñ VV ˚ Ñ 4f q “ p´1q δΓV

ΓV ,SM

` . . .

full calculation:

h Ñ e`e´µ`µ´ ´0.820 δΓZ{ΓZ ,SM

h Ñ e`e´e`e´ ´0.748 δΓZ{ΓZ ,SM

h Ñ e`νe ν̄µµ
´ ´0.915 δΓW {ΓW ,SM

h Ñ e`νe ν̄ee
´ ´0.914 δΓW {ΓW ,SM ´ 0.038 δΓZ {ΓZ ,SM
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H Ñ 4f summary

§ we did a fully analytic calculation, with numerical integration of phase space

§ also generated all channels with MG5 aMC@NLO using SMEFTsim

Ñ agreement to 1% or betterD Brivio,Jiang,Trott 1709.06492

§ analytic treatment has a few advantages:

§ allows to separate contributions
§ easier to linearize in δΓV , δmV

§ more stable for the massless fermions case with γ diagrams
§ cancellations are reproduced exactly
§ calculation can be automated in a dedicated package

ù a new reweighting tool coming soon

§ some previously neglected contributions turn out to be relevant:

γ diagrams and Z ´ W interference
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The total Higgs width in the SMEFT

putting together all the main contributions˚ we obtain

ΓtotH “ ΓtotH,SM

«

1 ` δΓtotH

ΓtotH,SM

ff

ΓtotH,SM “ 4.100 MeV

δΓtotH

ΓtotH,SM

“ ´ 1.50 C̃HB ´ 1.21 C̃HW ` 1.21 C̃HWB ` 50.6 C̃HG

` 1.83 C̃H˝ ´ 0.43 C̃HD ` 1.17 C̃ 1
ll

´ 7.85Yc ℜC̃uH ´ 48.5Yb ℜC̃dH ´ 12.3Yτ ℜC̃eH

` 0.002 C̃
p1q
Hq ` 0.06 C̃

p3q
Hq ` 0.001 C̃Hu ´ 0.0007 C̃Hd

´ 0.0009 C̃
p1q
Hl ´ 2.32 C̃

p3q
Hl ´ 0.0006 C̃He,

˚gg ` γγ ` b̄b ` c̄c ` τ`τ´ ` 4f ` f̄ f γ
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Conclusions

§ the inclusive Higgs width is a crucial observable for the Higgs sector

§ improved calculation of H Ñ 4f , H Ñ f̄ f γ

without relying on the narrow width approx. for Z ,W
Ñ important for LHC measurements

§ joined all the main channels into δΓtotH

§ Br’s and ΓtotH are computed once and for all!
Ñ can be used directly without further MC generation

§ an automated package for lhe reweighting to appear soon!

§ possible refinements:
full massive fermions treatment
phase space integration with cuts
. . .
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Backup slides



The Warsaw basis
Grzadkowski,Iskrzynski,Misiak,Rosiek 1008.4884
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Shifts from input parameters

SM case.

Parameters in the canonically normalized Lagrangian : v̄ , ḡ1, ḡ2, sθ̄

The values can be inferred from the measurements e.g. of tαem,mZ ,Gf u :

αem “ ḡ1ḡ2

ḡ 2
1 ` ḡ 2

2

mZ “ ḡ2v̄

2cθ̄

Gf “ 1?
2v̄2

Ñ

v̂2 “ 1?
2Gf

sin θ̂2 “ 1

2

˜

1 ´
d

1 ´ 4παem?
2Gfm

2
Z

¸

ĝ1 “
?
4παem

cos θ̂

ĝ2 “
?
4παem

sin θ̂

in the SM at tree-level κ̄ “ κ̂
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Shifts from input parameters

SMEFT case.

Parameters in the canonically normalized Lagrangian : v̄ , ḡ1, ḡ2, sθ̄

The values can be inferred from the measurements e.g. of tαem,mZ ,Gf u :

αem “ ḡ1ḡ2

ḡ 2
1 ` ḡ 2

2

„

1 ` v̄2CHWB

ḡ 3
2 {ḡ1

ḡ 2
1 ` ḡ 2

2



mZ “ ḡ2v̄

2cθ̄
` δmZ pCi q

Gf “ 1?
2v̄2

` δGf pCi q

Ñ

v̂2 “ 1?
2Gf

sin θ̂2 “ 1

2

˜

1 ´
d

1 ´ 4παem?
2Gfm

2
Z

¸

ĝ1 “
?
4παem

cos θ̂

ĝ2 “
?
4παem

sin θ̂

in the SM at tree-level κ̄ “ κ̂

in the SMEFT κ̄ “ κ̂ ` δκpCi q
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Shifts from input parameters

To have numerical predictions it is necessary to replace κ̄ Ñ κ̂ ` δκpCiq
for all the parameters in the Lagrangian.

tαem,mZ ,Gf u scheme

δm2
Z “ m2

Z v̂
2

´cHD

2
` 2c

θ̂
s
θ̂
cHWB

¯

δGf “ v̂2

?
2

´

pcp3q
Hl q11 ` pcp3q

Hl q22 ´ pcll q1221
¯

δg1 “
s2
θ̂

2p1 ´ 2s2
θ̂
q

˜

?
2δGf ` δm2

Z{m2
Z ` 2

c3
θ̂

s
θ̂

cHWB v̂
2

¸

δg2 “ ´
c2
θ̂

2p1 ´ 2s2
θ̂
q

˜

?
2δGf ` δm2

Z {m2
Z ` 2

s3
θ̂

c
θ̂

cHWB v̂
2

¸

δs2θ “ 2c2
θ̂
s2
θ̂

pδg1 ´ δg2q ` c
θ̂
s
θ̂
p1 ´ 2s2

θ̂
qcHWB v̂

2

δm2
h “ m2

hv̂
2

ˆ

2cH˝ ´ cHD

2
´ 3cH

2lam

˙
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Shifts from input parameters

To have numerical predictions it is necessary to replace κ̄ Ñ κ̂ ` δκpCiq
for all the parameters in the Lagrangian.

tmW ,mZ ,Gf u scheme

δm2
Z “ m2

Z v̂
2

´cHD

2
` 2c

θ̂
s
θ̂
cHWB

¯

δGf “ v̂2

?
2

´

pcp3q
Hl q11 ` pcp3q

Hl q22 ´ pcll q1221
¯

δg1 “ ´1

2

˜

?
2δGf ` 1

s2
θ̂

δm2
Z

m2
Z

¸

δg2 “ ´ 1?
2
δGf

δs2θ “ 2c2
θ̂
s2
θ̂

pδg1 ´ δg2q ` c
θ̂
s
θ̂
p1 ´ 2s2

θ̂
qcHWB v̂

2

δm2
h “ m2

hv̂
2

ˆ

2cH˝ ´ cHD

2
´ 3cH

2lam

˙
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The SMEFTsim package

an UFO & FeynRules model with˚: Brivio,Jiang,Trott 1709.06492
feynrules.irmp.ucl.ac.be/wiki/SMEFT

1. the complete B-conserving Warsaw basis for 3 generations ,

including all complex phases and✟✟CP terms

2. automatic field redefinitions to have canonical kinetic terms
ù backup

3. automatic parameter shifts due to the choice of an input parameters set

Main scope:

estimate tree-level |ASMA˚
d“6| interference terms Ñ theo. accuracy Á 1%

˚ at the moment only LO, unitary gauge implementation
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The SMEFTsim package

6 different implementations available Brivio,Jiang,Trott 1709.06492

③ flavor
structures

$

’

’

&

’

’

%

general

Up3q5 symmetric

linear MFV

ˆ ② input
schemes

$

&

%

α̂em, m̂Z , Ĝf

m̂W , m̂Z , Ĝf
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