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Motivation: In SMEFT framework

|A |2 = |ASM |2 (1 +
1

Λ2

2Re(A*SM A6)

|ASM |2 +
1

Λ4 ( |A6 |2

|ASM |2 +
2Re(A*SM A8)

|ASM |2 ) + ⋯

interference piece, 
usually largest effect. 

State of the art SMEFT

‘Higher order’ 
 

corrections
𝒪(1/Λ4)

Dual expansion: need to match dimensions, so numerator ~ powers 
of v, ∂μ ∼ E

A6(v2, vE, E2; ci) A8(v4, v2E2, ⋯ E4; ci)

ℒ = ℒSM + ∑
d

∑
i

c(d)
i

Λd−4
𝒪(d)

i (Q, uc, dc, L, ec, H, Dμ, Fμν⋯)
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But! larger expansion parameter = more sensitive to higher orders!

• To know error on   piece, we should know next order…1/Λ2

• Additionally, there are circumstances where interference is 
suppressed. Then  is the leading SMEFT piece 1/Λ4

At high energy :( En

Λn ) > ( vn

Λn )

big advantage of SMEFT at LHC

Assuming Wilson coefficients similar size, operators/
coefficients with energy-dependent contributions will 

dominate in kinematic tails

Motivation: In SMEFT framework

• Top down:  fails to capture some UV models1/Λ2

[Dawson et al 2305.0789, Ellis et al 2304.06663]
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https://arxiv.org/abs/2304.06663


OK, so we’d like to include   effects𝒪(1/Λ4)
SMEFT Warsaw basis:      operators at dim-6 

 operators at dim-8
𝒪(60)

𝒪(1000)(flavor universal, CP)BUT!

Can’t we just do ?|dim − 6 |2
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SMEFT Warsaw basis:      operators at dim-6 

 operators at dim-8
𝒪(60)

𝒪(1000)(flavor universal, CP)BUT!

Can’t we just do ?|dim − 6 |2

can be okay if nothing else, but lots of pitfalls

•  is positive definite, total  need not be |dim − 6 |2 𝒪(1/Λ4)

•  limited to  operators…|dim − 6 |2 dim − 6
 limited structure, some already bounded, small in some UV setups

Can lead to wildly inaccurate estimates of  … 
 

𝒪(1/Λ4)
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OK, so we’d like to include   effects𝒪(1/Λ4)
SMEFT Warsaw basis:      operators at dim-6 

 operators at dim-8
𝒪(60)

𝒪(1000)(flavor universal, CP)BUT!

Can’t we just do ?|dim − 6 |2

can be okay if nothing else, but lots of pitfalls

•  is positive definite, total  need not be |dim − 6 |2 𝒪(1/Λ4)

•  limited to  operators…|dim − 6 |2 dim − 6
 limited structure, some already bounded, small in some UV setups

Can lead to wildly inaccurate estimates of  … 
 

𝒪(1/Λ4)

Especially dangerous if  
without a good reason!!

|dim − 6 |2 > SM × (dim − 6)
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geoSMEFT-ist perspective

geoSMEFT = re-organization of SMEFT that makes many 
key processes (for LHC SMEFT global fit) calculable 

  without needing 1000 operators. Clarifies E vs. v 
counting

𝒪(1/Λ4)

Calculate away, forming a library of process to use as 
a laboratory to study ‘truncation error’.

[2001.01453 Helset, AM, Trott]
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Organize operators by the smallest vertex (# of particles that enter) 
they can impact at tree level: 2, 3,4, etc. Minimize the # of operators 

affecting 2, 3-particle vertices by strategically placing derivatives (IBP)

(H†DμH)*(H†DμH) ⊃ v2 (∂μh)2

(ψ†ψ)2

□ (H†H) □ (H†H) ⊃ v4 (∂μh)2

(DμH† DμH DνH† DνH)

but can use IBP to manipulate to 

contributes to 2-particle vertex

contributes to 4-particle vertex

would contribute to 

which only affects 4+ particle vertices

geoSMEFT [2001.01453 Helset, AM, Trott]
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H6

H4D2

H2X2

ψ2H3

X3

ψ2HX
ψ2H2D

ψ4

14 20 25

At dimension-6, assuming B,L, flavor universal (59 total)

0

Min vertex:

Operator type: 
[X = field strength,

D = deriv]

Number:
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H8

H6D2

H4X2

ψ2H5

H2X3

ψ2H3X
ψ2H4D
H4D2X

X4

H4D4

X2H2D2

…

ψ4X

19 47 927!

At dimension-8, assuming B,L, flavor universal (993 total)

Min vertex:

Operator type: 
[X = field strength,

D = deriv]

Number:

<latexit sha1_base64="ne8ZOkN9NRQHJmnfmFKPnBbCOyE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6IejXI=</latexit>

}
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}
If we also impose CP, U(3)5 (remember, must interfere to enter )1/Λ4

8 22
[trend continues to dim > 8 too!]
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Why is this a good idea?

“Universal” corrections related to inputs ~ O(10) new operators. 
Simplest building block vertices ~ O(20) ops

Bulk of operators pushed to more process-specific, 4+-particle interactions 

2-, 3- particle interactions: going from dim-6 to dim-8 doesn’t change 
kinematics — just added additional ! Additional derivatives aren’t 
possible, as all momentum products reduce to masses = constants. 
So the energy/vev scaling of these terms is set by whatever happens 

at dim-6

H2

∼
E2 v
Λ2 ∼

E2 v
Λ2 ( v2

Λ2 )at dim-6 at dim-8

H†HXμνXμν (H†H )2 XμνXμν

Ex.)
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“Universal” corrections related to inputs ~ O(10) new operators. 
Simplest building block vertices ~ O(20) ops

Bulk of operators pushed to more process-specific, 4+-particle interactions 

2-, 3- particle interactions: going from dim-6 to dim-8 doesn’t change 
kinematics — just added additional ! Additional derivatives aren’t 
possible, as all momentum products reduce to masses = constants. 
So the energy/vev scaling of these terms is set by whatever happens 

at dim-6

H2

So, if we’re hunting for energy enhanced effects —> energy enhanced 
dim-6 3-particle + dim-6, dim-8 contact vertices only

Why is this a good idea?
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What’s with the name?

Connects to larger work on geometry of EFT: Active research area!

[Alonso, Jenkins, Manohar ’15, ’16]
[Assi et al 2307.03187][Helset et al 2210.08000]

[Cohen et al  2202.06965]
[Cheung et al 2202.06972]
[Helset et at 1803.08001]

+ several others

# operators in 2-particle, 3-particle class saturate, form can be determined to 
all orders , e.g  . 
h(H†, H) DμH†DμH

In terms of real Higgs d.o.f.  = a metric on field spacehIJ(ϕ)(Dμϕ)
I

(Dμϕ)
J

hIJ = 1 + ϕ2C(6)
H□ +

∞

∑
n=0 ( ϕ2

2 )
n+2

(C(8+2n)
HD − C(8+2n)

H,D2 ) δIJ +
ΓI

A,JϕKΓK
A,LϕL

2
C(6)

HD

2
+

∞

∑
n=0 ( ϕ2

2 )
n+1

C(8+2n)
H,D2

SM, flat space, SMEFT curvedhIJ = 1 → hIJ ≠ 1 →  ‘geometric’ SMEFT 
or  `geoSMEFT’

<latexit sha1_base64="JIdBHV4Nym9sQ3JB612Gpady9rg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UvVrVu7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6CEjW0=</latexit>

}

[Alminawi et al 2308.00017]
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Ok, what do I do with this?

1.) Simplest LHC processes: resonances, 2 -> 2 can be done ‘fully’ 
to  without an order of magnitude increase in operators𝒪(1/Λ4)

For these, can use  as an uncertainty on extraction of dim-6 
operators [how to do this systematically?]

𝒪(1/Λ4)

gg → h → γγ, γZ pp → V(ℓℓ) h

pp → W(ℓν) γ
-pole, Drell-Yan Z

[Corbett, AM, Trott 2107.07470 ] [AM, Trott 2305.05879 ] [Hays, Helset, AM, Trott 2007.00565 ]
[Kim, AM 2203.11976 ] [Boughezal et al 2106.05337,  2207.01703
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operators [how to do this systematically?]

𝒪(1/Λ4)
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pp → W(ℓν) γ
-pole, Drell-Yan Z

[Corbett, AM, Trott 2107.07470 ] [AM, Trott 2305.05879 ] [Hays, Helset, AM, Trott 2007.00565 ]
[Kim, AM 2203.11976 ] [Boughezal et al 2106.05337,  2207.01703

2.) Initial step: focus on terms that grow with energy (fully, to ). 
Assuming all WC are same size, these effects will be largest  

𝒪(1/Λ4)

pp → W+W−, W±Z VBF pp → hjj
[2303.10493 Degrande] [Assi,AM in prep]12
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are given. The contributions from rescaling the SM amplitude for a series of corrections are

then reported. Finally, the last line is due to input parameter corrections to the SM ampli-

tude. Several numerically small corrections that follow from the formulae given are neglected

here as the contributions are negligible compared to the retained terms. These neglected

corrections are generally further suppressed by small Yukawa couplings. Here f
m̂W

i
' f

↵̂ew

i

for i = 1, 2, 3 and

�G
(6)

F
=

1
p
2

 
C̃

(3)

Hl
ee

+ C̃
(3)

Hl
µµ

�
1

2
(C̃ 0

ll
µeeµ

+ C̃
0

ll
eµµe

)

!
, (5.8)

f
m̂W

1
=
h
C̃

(6)

HB
+ 0.29 C̃

(6)

HW
� 0.54 C̃(6)

HWB

i
, (5.9)

f
m̂W

2
=
h
C̃

(8)

HB
+ 0.29 (C̃(8)

HW
+ C̃

(8)

HW,2
)� 0.54 C̃(8)

HWB

i
, (5.10)

f
m̂W

3
=
h
C̃

(6)

HW
� C̃

(6)

HB
� 0.66 C̃(6)

HWB

i
, (5.11)

From Table 1, we also find the following SM leading-order h ! �� partial width in the ↵̂
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Combined result informs on how 
assumptions about coefficients affect 

uncertainty
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– 34 –

geoSMEFT applications:  h → γγ

1/Λ2

1/Λ4

loop × 1/Λ2

[2107.07470 Corbett, AM, Trott] 
[2305.05879 AM, Trott]

Can combine SM loops x  with 𝒪(1/Λ2) 𝒪(1/Λ4)

Only 4 dim-8 operators needed!
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3pt — in geoSMEFT contact 4-ptSM

ψ2H2X D ⊃ (Q†σ̄μQ)Dν(H†H)Bμν

ψ2H2D3 ⊃ (Q†σμDνQ)(DμH†DνH)

(Q†σ̄μτIQ) H†DIH

Energy enhanced effects

dim-6: H†H WμνWμνvertex
contact

dim-8: contact

Do I gain something vs. using |dim-6|2
Example: VH

[2306.00053 Corbett, AM] 14



3pt — in geoSMEFT contact 4-ptSM

ψ2H2X D ⊃ (Q†σ̄μQ)Dν(H†H)Bμν

ψ2H2D3 ⊃ (Q†σμDνQ)(DμH†DνH)

(Q†σ̄μτIQ) H†DIH

Energy enhanced effects

dim-6: H†H WμνWμνvertex
contact

dim-8: contact

SM dominantly VL, 
suppressed interference 

with these!

Do I gain something vs. using |dim-6|2
Example: VH

[2306.00053 Corbett, AM] 14



3pt — in geoSMEFT contact 4-ptSM

ψ2H2X D ⊃ (Q†σ̄μQ)Dν(H†H)Bμν

ψ2H2D3 ⊃ (Q†σμDνQ)(DμH†DνH)

Example: VH

(Q†σ̄μτIQ) H†DIH

Energy enhanced effects

dim-6: H†H WμνWμνvertex
contact

dim-8: contact

interference 
 

∼ g2
SM c6

̂s
Λ2

squared  ∼ c2
6

̂s2

Λ4

interference 
 

g2
SM c8

̂s2

Λ4

Do I gain something vs. using |dim-6|2
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Effects at large  controlled by:   ̂s

coefficients = +1, 




Λ = 3 TeV
pT,ℓν > 150 GeV

1
σSM

dσ
dET (Q†σ̄μτIQ) H†DμτIH

Q†σ̄μτIDνQ DμH†τIDνH

Do I gain something vs. using |dim-6|2

200 400 600

10�4

10�3

10�2

10�1

/ET

SM

c(6),3
HQ

c(8),3
Q2H2D3
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But,  etc.   are constrained by LEP, while 
 are not ( )

Q†σ̄μτIQH†DIH ⊃ Q†σ̄μQ Zμ
Q†σ̄μτIDνQ DμH†τIDνH ⊅ Q†σ̄μQ Zμ

complying with those 
constraints, dim-8 terms 
have  effect at high 

energy
𝒪(1)

dim-6 coefficient = 0.1
[Ellis et al 2012.02779]

Do I gain something vs. using |dim-6|2
1 σ S

M

dσ dE
T

200 400 600

10�4

10�3

10�2

10�1

/ET

SM

c(6),3
HQ

lin

c(6),3
HQ

lin+quad

c(8),3
Q2H2D3

dim-8
dim-6

∼
1
c6

( ̂s
Λ2 )

dim-10
dim-8

∼ ( ̂s
Λ2 )while
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 + crossing 
symmetry gets us VBF

q̄q → V(q̄q)H

Therefore, expect similar 
operators to dominate, though 

kinematics and cuts are 
slightly different

[Assi, AM in progress]

Do I gain something vs. using |dim-6|2

i.e.
ψ4 H2

18

But,  etc.   are constrained by LEP, while 
 are not ( )

Q†σ̄μτIQH†DIH ⊃ Q†σ̄μQ Zμ
Q†σ̄μτIDνQ DμH†τIDνH ⊅ Q†σ̄μQ Zμ



Contact terms 
only show up at 
dim-8, ex. class 

ψ2X2D

VVV is energy enhanced ( ).  
Important in global fit program, as 
first place triple gauge operators 

as appear.

CW W3

Example: , organize calculation by the polarizations of the γW± W, γ

Assuming CP, , no energy 
enhancements

U(3)5

Do I gain something vs. using |dim-6|2

Diboson
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<latexit sha1_base64="UbyL6vrERYspl68KNDIn2DV3uto="></latexit>

✏�✏W SM dim-6 CW dim-8 contact

++ v2

s
s
⇤2

s2

⇤4

+� 1 0 s2

⇤4

+0 vp
s

v
p
s

⇤2
vs3/2

⇤4

 with dim-6 alone, largest 
energy enhancement (to 

 ) comes from  from 𝒪(1/Λ4)

|dim-6 CW |2 ∼ g2
SM c2

6
s2

Λ4

Energy scaling of different polarization amplitudes

|ASM |2 +
2Re(A*SM A6)

Λ2
+

1
Λ4

|A6 |2

Do I gain something vs. using |dim-6|2

̂s ≫ m2
W
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<latexit sha1_base64="UbyL6vrERYspl68KNDIn2DV3uto="></latexit>

✏�✏W SM dim-6 CW dim-8 contact

++ v2

s
s
⇤2

s2

⇤4

+� 1 0 s2

⇤4

+0 vp
s

v
p
s

⇤2
vs3/2

⇤4

W3 ψ2W2 D

SM × dim-8 ∼ g2
SM c8

s2

Λ4

But: dim 8 

 
 

can interfere with 
dominant SM 
polarization

(Q†σ̄μτIDνQ) WI
μρBρν

[AM, 2312.09867]

+
2Re(A*SM A8)

Λ4

|ASM |2 +
2Re(A*SM A6)

Λ2
+

1
Λ4

|A6 |2

Do I gain something vs. using |dim-6|2

̂s ≫ m2
W

Again, dim-8 terms have  effect at high energy. See also 
Degrande 2303.10493 (for WW, WZ). Motivates polarization studies

𝒪(1)
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Takeaways

• To take advantage of ‘energy frontier’ at LHC, need to know next 
order SMEFT corrections. 

• geoSMEFT organization: minimizes operators that enter smallest (& 
most universal) vertices. Pushes new energy-enhanced effects to 
process-specific 4+ particle vertices

• |dim-6|2 is an unreliable estimate at best! (And |dim-6|2 > dim-6 x SM 
without good reason I don’t trust at all)

• Facilitates full  calculations. Several key processes relevant 
for global SMEFT program worked out. From examples worked out 
so far, impact of  strongly depends on process and 
kinematic regime…

𝒪(1/Λ4)

𝒪(1/Λ4)

• Easy energy vs. vev counting: as first step, focus on energy 
enhanced terms to . Assuming all WC are the same size, 
these will dominate kinematic tails

𝒪(1/Λ4)

Thank you!22



Extras
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geoSMEFT applications: redo LEP1 analysis to  𝒪(1/Λ4)
EWPD is the ideal controlled case to study SMEFT truncation

1113EWPD LEP legacy

Just Taylor expand the geosmeft effective couplings to second order.

Ex: Helset, 
Corbett, Martin, 
Trott (next week)

Dim 8 EWPD now  
known. One can study the  
error induced in SMEFT 
truncation in this controlled 
and ideal example.

Taylor expand obs 
to second order.

SMEFT EWPD

11M.Trott, Durham, 6th September 2017M.Trott, Oct 27th  2017 3312

Once you know  

You just Taylor expand to the desired order using the geo SMEFT results 

EWPD LEP legacy

EWPD is essentially solved in closed form. 

Consider a             coupling to a fermion bilinear.

Compact all            orders answer!

W±, Z
<latexit sha1_base64="/Ex5I7IUClPU7WWf9mkJ7GJ/2Pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdVlA8Fbx4rGA/sF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5J0Zx9QXeCBZyAg2Vmq3HrqxOEP3vWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XLk9L9WusjjycATHcAoeXEANbqAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wckII9a</latexit>

v̄T /⇤
<latexit sha1_base64="EnI1bOAcsmNwiTocE5B8LukpXhQ=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwVZMqKK4Kbly4qNAXNCHcTKbt0MkkzEwqJfZT3LhQxK1f4s6/cdpmoa0HBg7n3MO9c4KEUals+9sorK1vbG4Vt0s7u3v7B2b5sC3jVGDSwjGLRTcASRjlpKWoYqSbCAJRwEgnGN3O/M6YCElj3lSThHgRDDjtUwxKS75ZdgMQ2XjqN8/dex0LwTcrdtWew1olTk4qKEfDN7/cMMZpRLjCDKTsOXaivAyEopiRaclNJUkAj2BAeppyiIj0svnpU+tUK6HVj4V+XFlz9Xcig0jKSRToyQjUUC57M/E/r5eq/rWXUZ6kinC8WNRPmaVia9aDFVJBsGITTQALqm+18BAEYKXbKukSnOUvr5J2repcVGsPl5X6TV5HER2jE3SGHHSF6ugONVALYfSIntErejOejBfj3fhYjBaMPHOE/sD4/AEDQpPP</latexit>

[2102.02819 Corbett, Helset, AM, Trott]

C̃(6) = C(6) v2

Λ2
, C̃(8) = C(8) v4

Λ4

Using:
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Ex.) 2D projections: Zero all dimension-6 operators except two 
but leave all dimension-8 on with coefficients +1. Fix , then 

compare  ellipses with and without dimension-8 terms
Λ

χ2

-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2
-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

c(3)HL

c(3)HQ

Λ = 3 TeV

shaded:  for linear dim-6χ2

blue:  for linear and 
quadratic dim-6

χ2

red: full 𝒪(1/Λ4)

Dim-8 effects small 
but present, similar 

order to (dim-6)2

(Q†σ̄μτIQ)(H†DμτIH )

⊃ Q†σ̄μQZμ

∼ L†σ̄μLZμ

geoSMEFT applications: redo LEP1 analysis to  𝒪(1/Λ4)
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200 400 600 800

10�4

10�3

10�2

10�1

pT,`⌫

1 �
d
�

d
X

SM

C(6)
W = 1

C(8),2
Q2WBD

C(6)
W = 1/6

Λ = 3 TeV

(Q†σ̄μτIDνQ) WI
μρBρν

εIJKWIν
μ WJρ

ν WKμ
ρ

As in VH, dim-8 
effects non-negligible, 

even dominant

Motivates polarization 
studies, ‘taggers’

Do I gain something vs. using |dim-6|2?: Wγ
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Do I gain something vs. using |dim-6|2?: h → γγ
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Figure 1. The deviations in h ! �� from the O(v2/⇤2) (red line) and partial-square (black
line) results, and the full O(v4/⇤4) results (green ±1��, yellow ±2��, and grey ±3�� regions).
In the left panel the coe�cients determining the O(v2/⇤2) and partial-square results are C

(6)
HB

=

�0.01, C(6)
HW

= 0.004, C(6)
HWB

= 0.007, C(6)
HD

= �0.74, and �G
(6)
F

= �1.6. In the right panel they are

C
(6)
HB

= 0.007, C(6)
HW

= 0.007, C(6)
HWB

= �0.015, C(6)
HD

= 0.50, and �G
(6)
F

= 1.26.

Figure 2. The deviations in h ! Z� from the O(v2/⇤2) (red line) and partial-square (black
line) results, and the full O(v4/⇤4) results (green ±1��, yellow ±2��, and grey ±3�� regions).
In the left panel the coe�cients determining the O(v2/⇤2) and partial-square results are C

(6)
HB

=

�0.01, C(6)
HW

= 0.02, C(6)
HWB

= �0.011, C(6)
HD

= 0.53, and �G
(6)
F

= 0.13. In the right panel they are

C
(6)
HB

= 0.002, C(6)
HW

= 0.001, C(6)
HWB

= �0.001, C(6)
HD

= 0.28, and �G
(6)
F

= �1.15.

– 17 –

(dim-6)2

dim-6

If dim-6 coefficients happen to be small, 
dim-8 can have a big effect even without 

energy enhancement

Weakly coupled UV:  loop 
level , while  

tree level  

(H†H) X2

∼ O(0.01) (H†H)2 X2

∼ O(1)
[Arzt’93, Craig et al ’20, Hays et al 2007.00565]

dim-8
dim-6

∼ (c(8)

c(6) ) v2

Λ2
∼ 100

v2

Λ2

In these scenarios,  correction from dim-8𝒪(1)
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SM 3pt — in geoSMEFT

new at 4-pt,  
operators at 

𝒪(10)
1/Λ4

Ex.   to  pp → ℓ+ℓ−, ℓ±ν 𝒪(1/Λ4)

-��� -��� ��� ��� ���
�

�

�

�

�

��

�(�)

�
(�
) /�

(�
)

� = � ���� � ��� � �� � � ���

0.001 0.01
0.05

0.1

0.5

Figure 3. Dimension eight operator contribution to �(pp ! `
+
⌫) in the center of mass energy

range 1TeV 
p
ŝ  2TeV (left panel) and 2TeV 

p
ŝ  3TeV (right panel) compared to the

full O(1/⇤4) result with the dimension eight coe�cients shut o↵: |(�(pp ! `
+
⌫)O(1/⇤4) � �(pp !

`
+
⌫)no dim-8)/�(pp ! `

+
⌫)O(1/⇤4)| plotted as a function of the dimension six Wilson coe�cient

strength C
(6) = [�1.0, 1.0] and the ratio of the dimension eight coe�cient strength relative to the

dimension six coe�cient (taking all dimension eight coe�cients to be equal), C(8)
/C

(6) = [0.1, 10].
The new physics scale ⇤ = 5TeV in both panels. The shaded region indicates where the SMEFT
contribution is larger than the SM contribution (either positive or negative).

terms of actual observables, and they can be viewed as rough bounds14. More accurate bounds

require correctly incorporating the appropriate experimental acceptance/e�ciencies and are

left for future work.

As C
(8)

/C
(6) is varied from 0.1 to 10, the e↵ect of the dimension eight terms increases

by roughly two orders of magnitude. For example, fixing C
(6) = 0.1 and varying C

(8)
/C

(6)

the impact of the dimension eight piece varies grows from 5.7 ⇥ 10�4 to 0.057 (for
p
ŝ 2

[1 TeV, 2TeV]). The e↵ects of C(8)
/C

(6) are larger for negative C(6) because of a cancellation

between the negative O(1/⇤2) interference and positive dimension six squared O(1/⇤4) con-

tributions. The overall impact of dimension eight also increases as we move to higher ŝ. Note

that we can use Fig. 3 to extrapolate the results of Fig. 2 to ⇤ other than 5TeV, as shifting

⇤ ! ⇤0 is equivalent to rescaling both C
(6) and C

(8)
/C

(6) by (⇤/⇤0)2.

Had we calculated the net O(1/⇤4) relative to the O(1/⇤2) result – analogous to the

left plot of Fig. 2 – for the same inputs, the result would depend more sensitively on the

individual coe�cient sign choice. However, for
p
ŝ 2 [1 TeV, 2TeV] this ratio is driven by

the dimension six coe�cient, to the extent that the ratio when C
(6) = 0.1, C(8)

/C
(6) = 10 is

14The contours are essentially unchanged if we neglect all dimension six coe�cients other than C
3,(6)
LQ

or if

we plot in bins of mT instead of
p
ŝ.
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Figure 6. Ratio of the pp ! `
+
`
� cross section at O(1/⇤4) to the cross section at O(1/⇤2) as

a function of the minimum and maximum
p
ŝ. In the left panel, all dimension six contact terms

coe�cients are +1, while in the right hand plot the sign of the coe�cient has been chosen following
Eq. (B.7) to give positive interference. The dashed and dotted lines are the contours after choosing
dimension eight coe�cient signs to maximize (dotted) or minimize (dashed) Eq. B.8. For both panels
the new physics scale ⇤ = 5TeV. The axes range in the left panel is smaller because the O(1/⇤2)
cross section for that coe�cient sign choice becomes negative above

p
ŝ ⇠ 3TeV.

Using these results, in Fig. 8, we quantify theO(1/⇤6) e↵ects by taking the ratio |(�(pp !

`
+
`
�)O(x3) � �(pp ! `

+
`
�)O(x2))/�(pp ! `

+
`
�)O(x2)| as a function of the minimum and

maximum center of mass energy (the dilepton version of Fig. 4 and taking ⇤ = 5TeV.

As in Fig. 4, we have approximated the full O(1/⇤6) result with the dominant piece in

the large ŝ limit. For this simple Wilson coe�cient choice, we find that the O(1/⇤6) are

significantly smaller than the O(1/⇤4) for the kinematic region we have explored.

C Contact operators for `+
i
`�
i
! `+

j
`�
j
at dimension six and eight

The neutral current results of this paper can easily be extended to lepton colliders (under the

same flavor assumptions), `+`� ! q̄i qi and `
+
i
`
�

i
! `

+
j

`
+
j

where i, j are flavor labels. For

`
+
`
�
! q̄i qi, the partonic amplitudes are identical to Sec. B, as all we have to do is switch

the initial and final states. For `
+
i
`
�

i
! `

+
j

`
�

j
, we need to swap g

0,(1),(2)
Z,f�

! g
0,(1),(2)
Z,`�

in the

coupling expressions and to replace the two-quark, two-lepton contact terms with four lepton

contact terms.

When the initial and final lepton flavors are di↵erent, e.g. e
+
e
�
! µ

+
µ
� the counting

is similar to the two-quark, two-lepton case, but the exact number depends on what flavor

assumptions we make. If we assume individual lepton number is conserved U(1)e ⇥ U(1)µ ⇥

– 31 –

[see also Boughezal et al 2106.05337,  2207.01703, Allwicher et al 2207.10714] 

pp → ℓ+ℓ− pp → ℓ±ν

[Kim, AM 2203.11976]

Impact of quadratic 
dim-6 as a function 

of cuts

Impact of 
dim-8 for 
variable 

coefficients
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Phenomenology: new effects at dim-8

19

•We can now discuss the phenomenology that appears at the 
dimension-8 level. Qualitatively new effects can appear at this 
order which are ripe for LHC exploration.

New l=3 spherical harmonics in the angular distribution of the Drell-Yan 
process first appear at the dimension-8 level Alioli, Boughezal, Mereghetti, FP 2003.11615

SM 3pt — in geoSMEFT

new at 4-pt,  
operators at 

𝒪(10)
1/Λ4

New kinematics from dimension-8

new spherical harmonics in angular distribution of Drell Yan show up at 
dimension-8 [2003.1615 Alioli et al]
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What about dimension-10?

dim-6 ∼ 0 dim-8 ∼ g2
SMc8

E4

Λ4
|dim-6 |2 ∼ g2

SMc2
6

E4

Λ4
1/Λ6 ∼ g2

SMc10
E6

Λ6
, , ,

dim-8
|dim-6 |2 ∼

c8

c6
∼ 1 1/Λ6

dim-8
∼

c10

c8
( E2

Λ2 ) ∼ (E2

Λ2 )

pp → Wγ, WZ

pp → ℓℓ four fermi contact interactions have strongest energy growth

all coefficients ~ 1

dim-6 ∼ g2
SM c6( E2

Λ2 ) |dim-6 |2 ∼ c2
6( E4

Λ4 ) dim-8 ∼ g2
SMc8

E4

Λ4

dim-8
|dim-6 |2 ∼

g2
SMc8

c2
6

1/Λ6 ∼ g2
SMc10

E6

Λ6
, c6 c8

E6

Λ6

|dim-6 |2

dim-6
∼

c6

g2
SM

( E2

Λ2 ) 1/Λ6

|dim-6 |2 ∼
c6

g2
SM

( E2

Λ2 )

For coefficients ,  dim-8 subdominant∼ 1 > g2
SM30


