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The SMEFT
systematically parametrises the theory space
in direct vicinity of the SM

I in a low-energy limit,
I through a proper QFT,
I when treated globally.

As a community, we would like to
translate top-quark-related measurements

in terms of the SMEFT parameters.
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EFT sub working group objectives (personal view)

– to agree on conventions across the whole community
– to provide guidelines towards sound uses of the SMEFT
– to establish useful ways to communicate experimental results

First step: defining the framework
We propose

I to adopt the Warsaw basis of dim-6 operators [Grzadkowski et al ’10]
I to identify the independent d.o.f.

in principle measurable in individual processes
I to establish various levels with increasing numbers of d.o.f.

· based on less and less restrictive flavour symmetries
· based on hierarchies in sensitivities

I to implement this into MC tools (e.g. in a UFO model)
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Why the Warsaw basis?
It is standard and multipurpose.

SMEFT at dim-6: about 2500 parameters if flavour is generic.

To make it practical:
I identify what is measurable in top physics
I identify what should be targeted first with top physics

−→ 1. focus on operators with at least a top + the ones they mix into

−→ 2. make reasonable restricting symmetry assumptions
−→ 3. list the independent d.o.f. in each process
−→ 4. explicit the hierarchy among contributions
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1. Operators possibly containing a top
All others should be constrained from non top-related processes.
Four-quark operators

O1(ijkl)
qq = (q̄iγ

µqj)(q̄kγµql ),

O3(ijkl)
qq = (q̄iγ

µτ Iqj)(q̄kγµτ
Iql ),

O1(ijkl)
qu = (q̄iγ

µqj)(ūkγµul ),

O8(ijkl)
qu = (q̄iγ

µT Aqj)(ūkγµT Aul ),

O1(ijkl)
qd = (q̄iγ

µqj)(d̄kγµdl ),

O8(ijkl)
qd = (q̄iγ

µT Aqj)(d̄kγµT Adl ),

O(ijkl)
uu = (ūiγ

µuj)(ūkγµul ),

O1(ijkl)
ud = (ūiγ

µuj)(d̄kγµdl ),

O8(ijkl)
ud = (ūiγ

µT Auj)(d̄kγµT Adl ),

·O1(ijkl)
quqd = (q̄iuj) ε (q̄kdl ),

·O8(ijkl)
quqd = (q̄iT Auj) ε (q̄kT Adl ),

Two-quark operators

·O(ij)
uϕ = q̄iuj ϕ̃ (ϕ†ϕ),

O1(ij)
ϕq = (ϕ†i

←→
D µϕ)(q̄iγ

µqj),

O3(ij)
ϕq = (ϕ†i

←→
D I
µϕ)(q̄iγ

µτ Iqj),

O(ij)
ϕu = (ϕ†i

←→
D µϕ)(ūiγ

µuj),

·O(ij)
ϕud = (ϕ̃†iDµϕ)(ūiγ

µdj),

·O(ij)
uW = (q̄iσ

µντ Iuj) ϕ̃ gW W I
µν ,

·O(ij)
dW = (q̄iσ

µντ Idj) ϕ gW W I
µν ,

·O(ij)
uB = (q̄iσ

µνuj) ϕ̃ gY Bµν ,

·O(ij)
uG = (q̄iσ

µνT Auj) ϕ̃ gSGA
µν ,

Two-quark-two-lepton operators

O1(ijkl)
lq = (̄ljγµlj)(q̄kγ

µql ),

O3(ijkl)
lq = (̄ljγµτ I lj)(q̄kγ

µτ Iql ),

O(ijkl)
lu = (̄ljγµlj)(ūkγ

µul ),

O(ijkl)
eq = (ējγ

µej)(q̄kγ
µql ),

O(ijkl)
eu = (ējγ

µej)(ūkγ
µul ),

·O1(ijkl)
lequ = (̄liej) ε (q̄kul ),

·O1(ijkl)
lequ = (̄liσµνej) ε (q̄kσµνul ).

+�B and �L operators

Introducing gauge couplings in front of field strength tensors,
(maybe also Yukawa couplings in front of Higgs fields)

to ease the counting of orders.
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2. Quark flavour symmetries (not applicable for top FCNCs,
not as critical for leptons)

I Full generality

I flavour diagonality, i.e. U(1)q1+u1+d1 × U(1)q2+u2+d2
= SM flavour symmetry in the limit VCKM = I
→ forces the presence of same-generation qq̄ pairs

(i.e. generations don’t mix with each other)

I U(2)q+u+d among the first two generations
= SM flavour symmetry in the limit yu = yc , yd = ys , VCKM = I
→ keeps a single parameter for the first two generations

I U(2)q × U(2)u × U(2)d among the first two generations
= SM flavour symmetry in the limit yu,d,c,s = 0, VCKM = I
→ forbids right-handed charged currents among light quarks (WR)
→ forbids light-quark chirality flips (some heavy scalars)
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3. The d.o.f. in principle measurable

Why in principle?
Identify what there is to measure,
and find ways to measure it.

What are the d.o.f. in principle measurable in a process?{
The set in which no flat direction remains after all

possible measurements have been carried out in that process

}

A simpler superset:{ The linear combinations of coefficients
which appear in front of broken-phase operators

}
· often actually superset = set and is in practice measurable
· maybe not with four-fermion operators → to study
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Examining the broken phase ...
Examples (in the unitary gauge)

•
(

O1(33)
ϕq

O3(33)
ϕq

)
=
(

(ϕ†i
←→
D µϕ)(q̄3γ

µq3)
(ϕ†i
←→
D I
µϕ)(q̄3γ

µτ Iq3)

)
=

−1 1
1 1
0 1
0 1


T 

+e
2sw cw

(t̄γµPLt) Zµ (v + h)2
−e

2sw cw
(b̄γµPLb) Zµ (v + h)2

g√
2 (t̄γµPLb) W +

µ (v + h)2
g√
2 (b̄γµPLt) W−

µ (v + h)2


So, c−ϕQ ≡ C1(33)

ϕq − C3(33)
ϕq enters in pp → tt̄Z

c+
ϕQ ≡ C1(33)

ϕq + C3(33)
ϕq enters in e+e− → bb̄ (or pp → bb̄Z)

c3
ϕQ ≡ C3(33)

ϕq enters in t → bW +

•
(

O1(3333)
qq

O3(3333)
qq

)
=
(

(q̄3γ
µq3)(q̄3γµq3)

(q̄3γ
µτ Iq3)(q̄3γµτ

Iq3)

)
=

1 1
2 −2/3
0 8
1 1


T  (t̄γµPLt)(t̄γµPLt)

(t̄γµPLt)(b̄γµPLb)
(t̄γµT APLt)(b̄γµT APLb)

(b̄γµPLb)(b̄γµPLb)


So, c+

QQ ≡ C1(3333)
qq − C3(3333)

qq enters in pp → tt̄ tt̄
c8

QQ ≡ 8C3(3333)
qq interferes with bb̄ → tt̄ of QCD

c1
QQ ≡ 2C1(3333)

qq − 2
3C3(3333)

qq contribute squared to bb̄ → tt̄

Separating colour singlets and octets determines which
linear combinations enter in SM interferences.
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... for each process

p
p
→
t
t̄

p
p
→
t
t̄
bb̄

p
p
→
t
t̄
t
t̄

p
p
→
t
t̄
`±
ν

p
p
→
t
t̄
`+
`−

p
p
→
t
t̄γ

p
p
→
t
t̄h

Four-heavy c̃2
α

2 S
c̃
α

3 S

c̃2
α

2 S
c̃
α

3 S

c1
QQ ≡ 8C3(3333)

qq X X
c8
QQ ≡ 2C1(3333)

qq − 2
3C

3(3333)
qq X X

!c+
QQ≡ C

1(3333)
qq + C3(3333)

qq X X
c1
Qt ≡ C

1(3333)
qu X X X X

c8
Qt ≡ C

8(3333)
qu X X X X

c1
Qb ≡ C

1(3333)
qd

X X
c8
Qb ≡ C

8(3333)
qd

X X
c1
tt ≡ C(3333)

uu X X
c1
tb ≡ C1(3333)

ud
X X

c8
tb ≡ C8(3333)

ud
X X

Two-light-two-heavy c̃2 c̃
α
S

c̃2
α

2 S
c̃
α

3 S

c̃2
α

2 S
c̃
α

3 S

c̃2
α

2

c̃
α

2 α
S

c̃2
α

2

c̃
α

2 α
S

c̃2
α

2

c̃
α

2 α
S

c̃2 c̃
α
S

c3,1
Qq ≡ C

3(ii33)
qq + 1

6 (C1(i33i)
qq − C3(i33i)

qq )X X X X X X X
c3,8
Qq ≡ C

1(i33i)
qq − C3(i33i)

qq X X X X X X X X X X X X X X
c1,1
Qq ≡ C

1(ii33)
qq + 1

6C
1(i33i)
qq + 1

2C
3(i33i)
qq X X X X X X X

c1,8
Qq ≡ C

1(i33i)
qq + 3C3(i33i)

qq X X X X X X X X X X X X X X
c1
Qu ≡ C

1(33ii)
qu X X X X X X

c8
Qu ≡ C

8(33ii)
qu X X X X X X X X X X X X

c1
Qd ≡ C

1(33ii)
qd

X X X X X X
c8
Qd ≡ C

8(33ii)
qd

X X X X X X X X X X X X
c1
tq ≡ C1(ii33)

qu X X X X X X X
c8
tq ≡ C8(ii33)

qu X X X X X X X X X X X X X X
c1
tu ≡ C(ii33)

uu + 1
3C

(i33i)
uu X X X X X X

c8
tu ≡ 2C(i33i)

uu X X X X X X X X X X X X
c1
td ≡ C1(33ii)

ud
X X X X X X

c8
td ≡ C8(33ii)

ud
X X X X X X X X X X X X

Two-heavy c̃2
α

2 S
c̃
α

2 S

c̃2
α

4 S
c̃
α

4 S

c̃2
α

4 S
c̃
α

4 S

c̃2
α

2 S
α

2

c̃
α

2 S
α

2

c̃2
α

2 S
α

2

c̃
α

2 S
α

2

c̃2
α

2 S
α

2

c̃
α

2 S
α

2

c̃2
α

2 S
c̃
α

2 S

c
[I]
tϕ ≡ [Im]

Re {C
(33)
uϕ } X X[CP]

c−ϕQ ≡ C
1(33)
ϕq − C3(33)

ϕq X X
c3
ϕQ ≡ C

3(33)
ϕq

cϕt ≡ C(33)
ϕu X X

c
[I]
ϕtb ≡

[Im]
Re {C

(33)
ϕud
}

c
[I]
tW ≡ [Im]

Re {C
(33)
uW
}

c
[I]
tZ ≡ [Im]

Re {
sW
cW

C
(33)
uW
− sW

cW
C

(33)
uB
} X X[CP]

!c[I]
tA ≡

[Im]
Re {C

(33)
uW

+ C
(33)
uB
} X X[CP]

c
[I]
bW ≡ [Im]

Re {C
(33)
dW
}

c
[I]
tG ≡ [Im]

Re {C
(33)
uG
} X X[CP] X X[CP] X X[CP] X X[CP] X X[CP] X X[CP] X X[CP]

Two-heavy-two-lepton c̃2
α

2 S
c̃
α

2 S
α

c
3(`)
Ql ≡ C

3(``33)
lq

c
−(`)
Ql ≡ C

1(``33)
lq

− C3(``33)
lq

X X
c

(`)
Qe ≡ C

(``33)
eq X X

c
(`)
tl ≡ C(``33)

lu
X X

c
(`)
te ≡ C(``33)

eu X X

Table 1: See text on p.7 for explanations. Details on each processes are provided in the corre-
sponding section.
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4. Hierarchies of contributions
• α < αS

So the ctZ contribution to pp → tt̄
is subleading compared to the ctG one.

• αS < 1
So the NLO QCD contribution of ctG to t → bW +

is subleading compared to the c3ϕQ one.

• pdf(b)<pdf(u) or pdf(d)
So the contribution of c8QQ to pp → tt̄
is subleading compared to that of c8Qd .

• mb/mt < 1
So the linear contribution of cbW to t → bW
is subleading compared to that of ctW .

• c2E 4/Λ4 < c E 2/Λ2 in the cleanest cases
So the quadratic contribution of c1QQ to bb̄ → tt̄
could be subleading compared to the linear c8QQ one.
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Summary

We propose
I to adopt the Warsaw basis of dim-6 operators
I to identify the independent d.o.f.

in principle measurable in individual processes
I to establish various levels with increasing numbers of d.o.f.

· based on less and less restrictive flavour symmetries
· based on hierarchies in sensitivities

I to implement these into MC tools (e.g. in a UFO model)

A note with more details is in preparation.
https://indico.cern.ch/event/596233/contributions/2612653/attachments/1471061/2276331/go
(not yet complete, and not yet very reader friendly)
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TopFitter operator set
[Buckley et al. ’15]

Processes
I top pair production
I single top production
I top decay
I associated pair production with a photon
I associated pair production with a Z

Analysis
I includes the OG ≡ fABC GAν

µ GBλ
ν GCµ

λ operator
I includes four-quark operator with first-generation light quarks only
I considers EFT contributions from interferences only
I considers, in pp → tt̄, only the four linear combinations of

four-quark operators interfering in the total unpolarized cross section
I does not consider two-quark-two-lepton operators
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