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CMS SM Summary
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SMP-00-000Z4j 7 TeV (Z4j) = 2.5e+04 fb  5 fb 1
SMP-00-000Z3j 7 TeV (Z3j) = 1.2e+05 fb  5 fb 1
SMP-00-000Z2j 7 TeV (Z2j) = 7.8e+05 fb  5 fb 1
SMP-00-000Zj 7 TeV (Zj) = 4.3e+06 fb  5 fb 1
SMP-00-000W4j 7 TeV (W4j) = 5.6e+04 fb  5 fb 1
SMP-00-000W3j 7 TeV (W3j) = 3.9e+05 fb  5 fb 1
SMP-00-000W2j 7 TeV (W2j) = 2.5e+06 fb  5 fb 1
SMP-00-000Wj 7 TeV (Wj) = 1.3e+07 fb  5 fb 1

CMS preliminary 18 pb 1 - 138 fb 1 (7,8,13 TeV)
Overview of CMS cross section results

May 2022Measured cross sections and exclusion limits at 95% C.L.
See here for all cross section summary plots

Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty
Light colored bars: 7 TeV, Medium bars: 8 TeV, Dark bars: 13 TeV, Black bars: theory prediction
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EPJC 81 (2021) 200ZZ 13 TeV (ZZ) = 1.7e+04 fb  137 fb 1
PLB 740 (2015) 250ZZ 8 TeV (ZZ) = 7.7e+03 fb  20 fb 1
JHEP 01 (2013) 063ZZ 7 TeV (ZZ) = 6.2e+03 fb  5 fb 1
Submitted to JHEPWZ 13 TeV (WZ) = 5.1e+04 fb  137 fb 1
EPJC 77 (2017) 236WZ 8 TeV (WZ) = 2.4e+04 fb  20 fb 1
EPJC 77 (2017) 236WZ 7 TeV (WZ) = 2e+04 fb  5 fb 1
PRD 102 092001 (2020)WW 13 TeV (WW) = 1.2e+05 fb  36 fb 1
EPJC 76 (2016) 401WW 8 TeV (WW) = 6e+04 fb  19 fb 1
EPJC 73 (2013) 2610WW 7 TeV (WW) = 5.2e+04 fb  5 fb 1
JHEP 04 (2015) 164Z 8 TeV (Z ) = 1.9e+05 fb  20 fb 1
PRD 89 (2014) 092005Z 7 TeV (Z ) = 1.6e+05 fb  5 fb 1
PRL 126 252002 (2021)W 13 TeV (W ) = 1.4e+05 fb  137 fb 1
PRD 89 (2014) 092005W 7 TeV (W ) = 3.4e+05 fb  5 fb 1
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JHEP 10 (2021) 174Z 13 TeV (Z ) = 5.4 fb  19 fb 1
JHEP 10 (2017) 072Z 8 TeV (Z ) = 13 fb  19 fb 1
JHEP 10 (2021) 174W 13 TeV (W ) = 14 fb  19 fb 1
JHEP 10 (2017) 072W 8 TeV (W ) = 4.9 fb  19 fb 1
PRD 90 032008 (2014)WV 8 TeV (WV ) < 3.1e+02 fb  19 fb 1
PRL 125 151802 (2020)ZZZ 13 TeV (ZZZ) < 2e+02 fb  137 fb 1
PRL 125 151802 (2020)WZZ 13 TeV (WZZ) = 2e+02 fb  137 fb 1
PRL 125 151802 (2020)WWZ 13 TeV (WWZ) = 3e+02 fb  137 fb 1
PRL 125 151802 (2020)WWW 13 TeV (WWW) = 5.9e+02 fb  137 fb 1
PRL 125 151802 (2020)VVV 13 TeV (VVV) = 1e+03 fb  137 fb 1
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PLB 812 (2020) 135992EW qqZZ 13 TeV (EW qqZZ) = 0.33 fb  137 fb 1
PLB 809 (2020) 135710EW qqWZ 13 TeV (EW qqWZ) = 1.8 fb  137 fb 1
PRD 104 072001 (2021)EW qqZ 13 TeV (EW qqZ ) = 5.2 fb  137 fb 1
PLB 770 (2017) 380EW qqZ 8 TeV (EW qqZ ) = 1.9 fb  20 fb 1
PRL 120 081801 (2018)EW ss WW 13 TeV (EW ss WW) = 4 fb  137 fb 1
PRL 114 051801 (2015)EW ss WW 8 TeV (EW ss WW) = 4 fb  19 fb 1
Submitted to PLBEW os WW 13 TeV (EW os WW) = 10 fb  138 fb 1
SMP-21-011EW qqW 13 TeV (EW qqW ) = 19 fb  138 fb 1
JHEP 06 (2017) 106EW qqW 8 TeV (EW qqW ) = 11 fb  20 fb 1
JHEP 08 (2016) 119ex. WW8 TeV (ex. WW) = 22 fb  20 fb 1
Submitted to PLBEW WV 13 TeV (EW WV) = 1.9e+03 fb  138 fb 1
EPJC 78 (2018) 589VBF Z 13 TeV (VBF Z) = 5.3e+02 fb  36 fb 1
EPJC 75 (2015) 66VBF Z 8 TeV (VBF Z) = 1.7e+02 fb  20 fb 1
JHEP 10 (2013) 101VBF Z 7 TeV (VBF Z) = 1.5e+02 fb  5 fb 1
EPJC 80 (2020) 43VBF W 13 TeV (VBF W) = 6.2e+03 fb  36 fb 1
JHEP 11 (2016) 147VBF W 8 TeV (VBF W) = 4.2e+02 fb  19 fb 1
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CMS Exotics Summary

CMS Exotica Physics Group Summary – LHCP, 2016	
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EFTs

ΛNP

E–scale of experiments

The major underlying assumption of EFTs

ΛNP � E of the scale of experiments/measurements

Weinberg 1967:
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EFTs

ΛNP

E–scale of experiments

Top down EFTs:
• example: SM → Fermi theory

• Start w/ ultraviolet (UV)–model in mind (Seesaw, SUSY, etc)

• “integrate out” heavy degrees of freedom at UV scale

• model dependent relations between ops, Qd>4
i

• Qi are only in terms of IR degrees of freedom
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EFTs

ΛNP

E–scale of experiments

Bottom up EFTs:
• example: Fermi theory

• Start w/ infrared (IR)–model in mind (QED, SM)

• using symmetries of model put together ops, Qd>4

• truncate EFT at some O(1/Λ)

• constrain Q in experiment & infer properties of NP at Λ

• Qs are unrelated → model independent

• Qs are only in terms of IR degrees of freedom
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The Fermi-theory example

In the SM

e

νµ

ν

M∼
g2W

2

(ν̄µγ
µPLµ)(ēγµPLνe)

k2 −M2
W
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The Fermi-theory example

In the SM In the Fermi theory

e

νµ

ν

e

νµ

ν

M∼
g2W

2

(ν̄µγ
µPLµ)(ēγµPLνe)

k2 −M2
W

M∼ −
g2W

2M2
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe) + · · ·

1
M2
W

(ψ̄γµPLψ)2
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The Fermi-theory example

In the SM In the Fermi theory

e

νµ

ν

e

νµ

ν

M∼
g2W

2

(ν̄µγ
µPLµ)(ēγµPLνe)

k2 −M2
W

M∼ −
g2W

2M2
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe) + · · ·M ∼ −

g2W

2M2
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe)−

g2Wk2

2M4
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe) + · · ·

1
M2
W

(ψ̄γµPLψ)2 1
M4
W

∂2(ψ̄γµPLψ)2
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SMEFT

In studying NP at ΛNP � v, we employ the Standard Model EFT

LSMEFT = LSM +
1

Λ
L5 +

1

Λ2
L6 + · · · Ld =

∑
i

ciQi

The SMEFT is formed of LSM and
Q of d > 4 respecting SM symmetries

& ci embedding UV physics

Tyler Corbett (Universität Wien) Effective Field Theories for BSM Physics 24 February, 2023 5 / 22



SMEFT

In studying NP at ΛNP � v, we employ the Standard Model EFT

LSMEFT = LSM +
1

Λ
L5 +

1

Λ2
L6 + · · · Ld =

∑
i

ciQi

The SMEFT is formed of LSM and
Q of d > 4 respecting SM symmetries

& ci embedding UV physicsThe SMEFT is:
a Taylor series in v

Λ
, p

Λ
� 1

Tyler Corbett (Universität Wien) Effective Field Theories for BSM Physics 24 February, 2023 5 / 22



SMEFT

In studying NP at ΛNP � v, we employ the Standard Model EFT

LSMEFT = LSM +
1

Λ
L5 +

1

Λ2
L6 + · · · Ld =

∑
i

ciQi

The SMEFT is formed of LSM and
Q of d > 4 respecting SM symmetries

& ci embedding UV physicsThe SMEFT is:
a Taylor series in v

Λ
, p

Λ
� 1

The leading operator:
L5 = cαβ(L̄cαH̃)(H̃†Lβ) ∼ v2ν̄ανβ

⇒ mν ∼ v2/Λ
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The SMEFT at dimension-six

D6 operators from SM field content ⇒ SMEFT @ D6

Type I: X3 Type II, III: H6, H4D2 Type V: Ψ2H3 + h.c.

QG fABCGAνµ GBρν GCµρ QH (H†H)3 QeH (H†H)(L̄eH)

Q
G̃

fABCG̃Aνµ GBρν GCµρ QH� (H†H)�(H†H) QuH (H†H)(Q̄uH̃)

QW εIJKW Iν
µ WJρ

ν WKµ
ρ QHD (H†DµH)∗(H†DµH) QdH (H†H)(Q̄dH)

Q
W̃

εIJKW̃ Iν
µ WJρ

ν WKµ
ρ

Type IV: X2Φ2 Type VI: Ψ2HX Type VII: Ψ2H2D

QHG (H†H)GAµνG
Aµν QeW (L̄σµνe)τIHW I

µν Q
(1)
HL

(H†i
←→
D µH)(L̄γµL)

Q
HG̃

(H†H)G̃AµνG
Aµν QeW (L̄σµνe)τIHBµν Q

(3)
HL

(H†i
←→
D I
µH)(L̄τIγµL)

QHW (H†H)W I
µνW

Iµν QuG (Q̄σµνTAu)H̃GAµν QHe (H†i
←→
D µH)(ēγµe)

Q
HW̃

(H†H)W̃ I
µνW

Iµν QuW (Q̄σµνu)τIH̃W I
µν Q

(1)
HQ

(H†i
←→
D µH)(q̄γµq)

QHB (H†H)BµνB
µν QuB (Q̄σµνu)H̃Bµν Q

(3)
HQ

(H†i
←→
D I
µH)(q̄τIγµq)

Q
HB̃

(H†H)B̃µνB
µν QdG (Q̄σµνTAd)HGAµν QHu (H†i

←→
D µH)(ūγµu)

QHWB (H†τIH)W I
µνB

µν QdW (Q̄σµνd)τIHW I
µν QHd (H†i

←→
D µH)(d̄γµd)

Q
HW̃B

(H†τIH)W̃ I
µνB

µν QdB (Q̄σµνd)H̃Bµν QHud (H†i
←→
D µH)(ūγµd)

Type VIII: 5× (L̄L)(L̄L) + 7× (R̄R)(R̄R) + 8× (L̄L)(R̄R)
+(L̄R)(R̄L) + 4[(L̄R)(L̄R) + h.c.] = 25(Ψ̄Ψ)(Ψ̄Ψ)
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SMEFT: Effective Vertices

T3: QH� = (H†H)�(H†H) T5: QψH = (H†H)(Ψ̄Hψ)

T3: QHD = (H†DµH)∗(H†DµH) T7: Q
(3)
HL = (H†i

←→
D I
µH)(L̄γµL)

T4: QHV = (H†H)V µνVµν T7: Q
(1,3)
HΨ = (H†

←→
D µH)(Ψ̄γµΨ)

T4: QHWB = (H†τIH)W I
µνB

µν T7: QHψ = (H†
←→
D µH)(ψ̄γµψ)

T8: QLL = (L̄γµL)(L̄γµL)

SM–like

Non-SM-like kinematic structure
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D6, D62, and D8

Big impact from D62 ∼
(

1
Λ2

)2
LHC EFT WG, Area 1 – Truncation, validity, uncertainties
“although they only constitute a partial set of 1/Λ4 corrections,
the squares of amplitudes featuring a single dimension-six
operator insertion provide a convenient proxy to estimate 1/Λ4

corrections, as they are well defined and unambiguous. They are
indeed gauge invariant and can be translated exactly from one
dimension-six operator basis to the other.”

Cen Zhang, SMEFTs living on the edge, arXiv:2112.11665
“Our results indicate that the dimension-8 operators encode much
more information about the UV than one would naively expect,
which can be used to reverse engineer the UV physics from the
SMEFT.”
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Beyond leading order in the SMEFT

At D6 in the SMEFT we have 59 operator forms, at D8 we have 895!

Two complete bases have been formulated:

Chris Murphy, arXiv:2005.00059

Hao-Lin Li et al., arXiv:2005.00008

A bit of a nightmare to achieve, but some groups make predictions at D8 (e.g.):

Hays et al., Assoc. Production of the Higgs, arXiv:1808.00442

Boughezal et al., Dilepton production, arXiv:2106.05337

Boughezal et al., Drell Yan, arXiv:2207.01703

Asteriadis et al., Gluon fusion of Higgs, arXiv:2212.03258

But this is greatly simplified by employing the geoSMEFT methodology,
Helset et al. arXiv:2001.01453
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Higgs decay to two fermions

Imagine a Higgs is produced and we want to study its decay to two fermions:

What does a SM-theorist see?

iM = Yψūv + loops

|M|2 ∼ Y 2
ψ (2pψ · pψ̄) + loops

What does a SMEFT-theorist see?

iM ∼
(
Yψ +

c
(6)
Hψ

Λ2 v2 +
c
(8)
Hψ

Λ2 v4

)
ūv + loops

|M|2 ∼

Y 2
ψ + 2Yψ

c
(6)
Hψ

Λ2 v2 +

(
c
(6)
Hψ

Λ2 v2

)2

+ Yψ
c
(8)
Hψ

Λ4 v4 + · · ·

 2pψ · pψ̄ + loops
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Higgs decay to two fermions

Imagine a Higgs is produced and we want to study its decay to two fermions:

What does an experimentalist see/what does a theorist think an experimentalist sees?

Γ ∼
∣∣〈Ω|T {h, ψ̄, ψ} |Ω〉∣∣2 =

∣∣∣∣(−i δδh
)(
−i

δ

δψ̄

)(
−i

δ

δψ

)
Z(φ)

∣∣∣∣2
fields→0

This is exact. Nature doesn’t care about perturbation theory.

In the loop expansion this isn’t tractable.
But if we study the geometry of the SMEFT expansion, in special cases it is.
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The geoSMEFT I

Consider the hψ̄ψ correlation function:

〈
hψ̄ψ

〉
∼ 〈Ω|T{hψ̄ψ} |Ω〉

∼ δ3

δhδψ̄δψ

∫
D(fields) exp [iSSMEFT]

∣∣∣
fields→0

∼
〈
δ
δh

δ2

δψ̄δψ
LSMEFT

〉
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The geoSMEFT I

Consider the hψ̄ψ correlation function:

〈
hψ̄ψ

〉
∼ 〈Ω|T{hψ̄ψ} |Ω〉

∼ δ3

δhδψ̄δψ

∫
D(fields) exp [iSSMEFT]

∣∣∣
fields→0

∼
〈
δ
δh

δ2

δψ̄δψ
LSMEFT

〉
Simplifying:

δ
δh

δ2

δψ̄δψ
LSMEFT ⇔ δ

δh
δ2

δψ̄δψ

[
(something)︸ ︷︷ ︸

Not W,B,ψ, bc fields→0

ψ̄ψ
]

= δ
δh

[
(something)

]
≡ δ

δh
Y(H)
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The geoSMEFT I

Consider the hψ̄ψ correlation function:〈
hψ̄ψ

〉
∼ 〈Ω|T{hψ̄ψ} |Ω〉

∼ δ3

δhδψ̄δψ

∫
D(fields) exp [iSSMEFT]

∣∣∣
fields→0

∼
〈
δ
δh

δ2

δψ̄δψ
LSMEFT

〉
Simplifying:

δ
δh

δ2

δψ̄δψ
LSMEFT ⇔ δ

δh
δ2

δψ̄δψ

[
(something)︸ ︷︷ ︸

Not W,B,ψ, bc fields→0

ψ̄ψ
]

= δ
δh

[
(something)

]
≡ δ

δh
Y(H)

We can define Y, a field-space connection, (an analogue to a metric in GR)
From this we can define two important (tree level) geometric quantities:

m̄ = 〈Y〉
〈
hψ̄ψ

〉
=

〈
δY
δh

〉
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The geoSMEFT II

Can define more field-space connections/geometric quantities by varying LSMEFT:

MF1,F2,··· ∼
δ

δF1

δ

δF2
· · · LSMEFT

∣∣∣∣
F→0

with Fi ∈ {WA
µν , Bµν , (DµH), ψ, ψ̄} (H is by definition a part of M as it has a vev)

From this we can define to all-orders in 1/Λ the two-point functions:

gABWA
µνWB

µν ⇔ gAB = −2gµνgσρ

d2
δ2L

δWA
µσδWB

νρ

hIJ (Dµφ)I(Dµφ)J ⇔ hIJ = gµν

d
δ2L

δ(Dµφ)Iδ(Dνφ)J

Y Ψ̄ψ ⇔ Y (φ) = δL
δ(Ψ̄ψ)
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gABWA
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µν ⇔ gAB = −2gµνgσρ

d2
δ2L

δWA
µσδWB

νρ

hIJ (Dµφ)I(Dµφ)J ⇔ hIJ = gµν

d
δ2L

δ(Dµφ)Iδ(Dνφ)J

Y Ψ̄ψ ⇔ Y (φ) = δL
δ(Ψ̄ψ)

And the three-point functions:

LψJ (Dµφ)J (ψ̄Γµψ) ⇔ LψJ = δ2L
δ(Dµφ)Jδ(ψ̄Γµσψ)

dψA(ψ̄σµνψ)WA
µν ⇔ dψA = δ2L

δ(ψ̄σµνψ)δWA
µν

fABCW
A,µνWB

νρW
C,ρ
µ ⇔ fABC = gνρgσαgβµ

3!d3
δ3L

δWA
µνδWB

ρσδWC
αβ

kAIJ (Dµφ)I(Dνφ)JWA
µν ⇔ kAIJ = gµρgνσ

2d2
δ3L

δ(Dµφ)Iδ(Dνφ)JδWA
ρσ
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Four point functions

In formulating the SMEFT we use the Eqs of Motion to reduce the basis of operators:

D2H = Y ψ̄RψL + 1
Λ
· · ·

i /DψL = −Y ψ̄RH + 1
Λ
· · ·

i /DψR = −Y H†ψL + 1
Λ
· · ·

DνV µν = gV J
µ + 1

Λ
· · ·

There is sufficient freedom in the EOM to guarantee that the field-space connections in the
last slide are all that contribute to 2 and 3 point functions.

We cannot do this for all 4+ point functions.
Can think of this in analogy with momentum conservation (Ds in EOM are momentum):

2pt: p1 = −p2, p2
1 = m2

3pt: p1 + p2 = p3, pi · pj = 1
2

(
m2
k −m

2
i −m2

j

)
4pt: s+ t+ u =

∑
imi

We cannot fully reduce products of momenta to masses
⇔ we cannot fully reduce derivatives in operators effecting four-point functions
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three–point functions from geoSMEFT

operator form shifts:

hIJ (Dφ)I(Dφ)J SM 3–point functions + Masses

gABW
A
µνW

B,µν SM triple gauge couplings + h(∂V )2 + mixing angles

Y ψΨ̄LψR + h.c. SM Yukawas+ψ masses

LψJ (Dµφ)J (ψ̄Γµψ) SM gauge-fermion couplings

dψAW
A,µν(ψ̄σµνψ) Dipoles

fABCW
A,µνWB

νρW
C,ρ
µ new TGCs (∂V )3

κAIJ (Dµφ)I(Dνφ)JWA
µν new TGCs (∂h)2(∂V ), removed from D6 in Warsaw
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Saturation of number of operators

(This information is contained in the Hilbert Series)
(see e.g. Lehman & Martin 2015, Henning et al. 2015)

Mass Dimension
Operator form: 6 8 10

hIJ (Dµφ)I(Dµφ)J 2 2 2

gABW
A
µνW

B,µν 3 4 4

kIJA(Dµφ)I(Dνφ)JWA
µν 0 3 4

fABCW
A
µνW

B,νρWC,µ
ρ 1 2 2

Y ψprΨ̄LψR + h.c. 2N2
f 2N2

f 2N2
f

dψ,prA Ψ̄LσµνψRW
µν
A + h.c. 4N2

f 6N2
f 6N2

f

L
ψR
pr,J,A(Dµφ)J (ψ̄p,RγµσAψr,R) N2

f N2
f N2

f

L
ΨL
pr,J,A(Dµφ)J (Ψ̄p,LγµσAΨr,L) 2N2

f 4N2
f 4N2

f

D6 D8 D10 D12

10

102

103

104

105

106

107

3,045

44,807

2,092,441

75,577,476

Ex
po

ne
nt
ia
l→

O
(1

0
s)
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geoSMEFT on the Z-pole
operator form shifts:

hIJ(Dφ)I(Dφ)J SM 3–point functions + Masses

gABW
A
µνW

B,µν SM triple gauge couplings + h(∂V )2 + mixing angles

LψJ (Dµφ)J(ψ̄Γµψ) SM gauge-fermion couplings

ψ = {Q,L, uR, dR, eR}

gZ,ψeff =
ḡZ

2

[
(2 s2

θZ Qψ − σ3) + v̄T 〈Lψ3,4〉 + σ3v̄T 〈Lψ3,3〉
]
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gABW
A
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LψJ (Dµφ)J(ψ̄Γµψ) SM gauge-fermion couplings

ψ = {Q,L, uR, dR, eR}

gZ,ψeff =
ḡZ

2

[
(2 s2

θZ Qψ − σ3) + v̄T 〈Lψ3,4〉 + σ3v̄T 〈Lψ3,3〉
]

m̄2
Z =

ḡZ
2

4
〈h33〉 v̄2

T s2
θZ = f( 〈gAB〉 , g1, g2)
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geoSMEFT on the Z-pole
operator form shifts:

hIJ(Dφ)I(Dφ)J SM 3–point functions + Masses

gABW
A
µνW

B,µν SM triple gauge couplings + h(∂V )2 + mixing angles

LψJ (Dµφ)J(ψ̄Γµψ) SM gauge-fermion couplings

ψ = {Q,L, uR, dR, eR}

gZ,ψeff =
ḡZ

2

[
(2 s2

θZ Qψ − σ3) + v̄T 〈Lψ3,4〉 + σ3v̄T 〈Lψ3,3〉
]

m̄2
Z =

ḡZ
2

4
〈h33〉 v̄2

T s2
θZ = f( 〈gAB〉 , g1, g2)

ΓZ→ψ̄ψ =
Nψ
c

24π
m̄Z |gZ,ψeff |

2

1−
4m̄2

ψ

m̄2
Z


3/2

Tyler Corbett (Universität Wien) Effective Field Theories for BSM Physics 24 February, 2023 18 / 22



Z-pole pheno, arXiv:2102.02819

gZ,ψeff =
ḡZ

2

[
(2 s2θZ Qψ − σ3) + v̄T 〈Lψ3,4〉 + σ3v̄T 〈Lψ3,3〉

]

m̄2
Z =

ḡZ
2

4
〈h33〉 v̄2

T s2θZ = f( 〈gAB〉 , g1, g2)

Number of parameters at each order (for LH fermion):

geoSMEFT D6 D(6+n)

ḡZ 1 3 4

{cHW , cHB , cHWB} {c(6+n)
HW , c

(6+n)
HW,2 , c

(6+n)
HB , c

(6+n)
HWB}

sθZ 1 3 4

{cHW , cHB , cHWB} {c(6+n)
HW , c

(6+n)
HW,2 , c

(6+n)
HB , c

(6+n)
HWB}

〈h33〉 1 1 2

{cHD} {c(6+n)
HD , c

(6+n)
HD,2 }

〈Lψ3,4〉 1 1 2

{c(3)
Hl} {c(6+n,2)

Hl , c
(6+n,3)
Hl }

〈Lψ3,3〉 1 1 1

{c(1)
Hl} {c(6+n,1)

Hl }
sum: 3+2 4+2 4+5
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geoSMEFT summary

1 all 3-point functions defined for both v2

Λ2 and p2

Λ2 expansions
for 3pt only: {pi · pj = 1

2(m2
k −m2

i −m2
j )}

2 Z-pole predictions can be derived to all orders

3 largest Higgs production xs (hgg) can be defined in geoSMEFT

! + D6-loop (TC, A Martin, M Trott, arXiv:2107.07470)

4 largest Higgs decay (hbb) + most accurately measured (hγγ)

for hγγ:! + D6-loop (TC, A Martin, M Trott, arXiv:2107.07470)

5 Forthcoming: Higgs associated prod (w. A. Martin)
Triple gauge scattering (w. Gonzalez-Garcia et al)

6 currently expanding to include 4-point functions
only all orders in v2

Λ2 expansion

for 4pt have infinitely many p2

Λ2 operators: {sn, tm,m2
i }
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geoSMEFT goals/questions

1 Is it safe/conservative to do a fit to the geometric quantities in place of Wilson coeffs?
→ From an experimental perspective, a lot less open parameters in simulations

2 How do we identify blind directions in a fit that’s nonlinear in the fit parameters?
→ This is also ideal for experimental studies of the SMEFT...
→ Combos can be made after using measurements + correlations

3 Write the 4-point geoSMEFT using op. forms occurring at D8
→ consistent studies to order 1/Λ4 resumming v expansion.

4 Can geometric quantities be consistently defined to one-loop?

〈Ω|T{stuff} |Ω〉 ⇔MF1F2··· =
δn

δF1δF2 · · ·
LSMEFT
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geoSMEFT goals/questions

Also, can searches be optimized for the SMEFT?
→ Most SMEFT studies use SM measurements as a constraints on NP.

µpp→hψ̄ψ =
σ(pp→ hψ̄ψ)measured

σ(pp→ hψ̄ψ)SM

But when we look at the phase space population for SMEFT processes, they
are quite different:

σ(pp→hψ̄ψ)SMEFT

σ(pp→hψ̄ψ)SM
∼ 1 + 2.6× (c

(2)
HZZ) + 0.38× (c

(2)
HZZ)2 − 2.6× (cHAZ) + · · ·

c
(2)
HZZ → hZµνZ

µν

cHAZ → hAµνZ
µν

But global fits ignore the difference in phase space population between µ,
a SM-like measurement, and the above SMEFT example...

Tyler Corbett (Universität Wien) Effective Field Theories for BSM Physics 24 February, 2023 22 / 22


	Current Status at the LHC
	Effective field theories and the SMEFT
	Basics of the geoSMEFT
	Conclusions/Thoughts on SMEFT+geoSMEFT

