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Standard Model Effective Field Theory (SMEFT)
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[Lectures on SMEFT, Adam Falkowski(2023)]
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Wilson Coefficients
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Dipole Moment
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Electric Dipole Moment: Magnetic dipole moment:

p=qd T = [AG
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Dipole Moment in QFT
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Dipole Moments of Tau

particle Original Results Process Reference
ar |d-| (e cm)
[-0.052,0.058] (3.1e-16 (20)|eTe” — 777 (LEP Z pole)| 9803
7 ||[-1.8e-3,1.8e-3]| 1le-17 (20) | pp — 777 (LHC Run2) |2307.14133

TABLE XIV. Current experiments 7 Dipole moments Constraints.

particle Original Results Process Reference
ar |d-| (e cm)

[-1.5e-4,1.7e-4] | 9.04e-19(20) ete” — etrtr7e” (CLIC) 1804.02373

[-6.3e-4,6.3e-4] | 1.7e-17 (20) ete” — 7777 (Belle II) 2401.04449

7 ||[-1.28e-3,1.05e-3]| 6.439¢-18(20) | ete” — eTrtr™ e~ (CLIC) |1903.04135

[-2.65e-3,2.46€-3]|1.437e-17 (20)| e p — e 7777y p (yyfusion) |1903.04135

[-6.7e-3,6.5e-3] |3.692e-17 (20)| pp — p 777 v p (yyfusion) 1903.04135

[-2.42e-3,7.1e-4] | 7.31e-18 (20) |uTpu~ — pt 7777~ (y*y* fusion)| 1811.01188

[-4.6e-3,8.3¢-3] | 1.2e-16 (1o) | pb pb — pb 777~ pb (yyfusion) |1908.05180

TABLE XV. Future experiments 7 Dipole moments Constraints.




| —— p p-> tau tau, LHC Run2 I |
—— ee->etautaue, CLIC
e e -> tau tau, Belle Il
e e -> e tau tau e gamma, CLIC
—— p p->ptau tau p gamma
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Cross section Inteference term — 0
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OUB B QLU uRHBW New Physics: SM:
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Dipole Moments of Top

particle Original Results Process Reference
ay ICLA|
Cp —[4.5, 1.2]| %% =[-0.12,051] (20)| LEP, LHC Run2 global fitting | 2012.02779
top || [-0.098,0.023] Sp = 0(20) Transferred from Wilson Coefficient| 2012.02779
[-0.035,0.038] [-0.17,0.16](10) LHC 300 fb~!, gg — ttproduction |hep-ph/0601112
[-0.5,1.5] [-2, 0.3](10) Tevatron ttyproduction 1212.6575

TABLE XVI. Current top Dipole moments Constraints.

particle Original Results Process Reference
ay A

[-8.1e-4,8.1e-4| | 0.14 (10) | e*e” — tt production at the FCC-ee |1503.01325

[-0.001,0.001] - (10) ete” — tt production at the ILC | 1307.8102

[-0.0234,0.0325]|0.0277 (20)| e~ — tbv.(single top at CLIC)  [1602.05991
top ||[-0.2203,0.0020]/0.0206 (20)|ete” — ettte~ (CLIC, yyfusion best)|1702.03708
[-0.1218,0.1036]|0.0815 (10)|pp — pttp (yyfusion) (33 TeV LHC) [1504.06695

TABLE XVII. Future top Dipole moments Constraints.
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Dipole Moment of Top
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Cross Section
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Sensitivity

Cip =1 A =10 TeV
Luminosity:
[pb] puru— — tt prpu~ — pututt & ptuT — vott P |
V5 |1 TeV[3 TeV [10 TeV| 1 TeV | 3 TeV | 10 TeV 1,3TeV : 10°fb
SM [[0.172 [1.950-2|1.746-3| 2.08¢-3 | 1.566-2 | _ 3.70e-2 10TeV : 10* fb™"
NP=1|0.174 |1.97e-2|1.78e-3| 2.10e-3 | 1.57e-2 3.73e-2
S/V/B| 4.82 | 1.43 | 3.03 | 0.439 | 0.801 4.93
n| <244 My > 150GeV
A Al
f— -} -
/28 v/Z f
A
. v/ w _
f L - f
0~ -
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Summary
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At low energy, s-channel has better sensitivity.

At high energy, fusion process has better sensitivity.



Back Up

particle

Original Results

Process

Reference

a

de

(e cm)

charm

-6.8e-3,6.8¢-3

8.9e-17 (1o)

LEP-1,Z decay

hep-ph/9403304

ap

dy

(e cm)

bottom

[-4.5e-2,4.5¢-2)]

8.9e-17 (1o)

LEP-1,Z decay

hep-ph/9403304

TABLE XIII. Current charm and bottom Dipole moments Constraints.

LEP | data, 209 GeV



particle Original Results Process Reference
ar | |d-| (e cm)
[-0.052,0.058] [3.1e-16 (20)|eTe” — 77 (LEP Z pole)| 9803
T [-1.8e-3,1.8¢-3|| 1le-17 (20) | pp — 777~ (LHC Run2) |2307.14133

TABLE XIV. Current experiments 7 Dipole moments Constraints.

3 ab”-1, s- channel, only photon NP

particle Original Results Process Reference
a, |d| (e cm)

[-1.5e-4,1.7e-4] | 9.04e-19(20) ete” — ettt e” (CLIC) |1804.02373

6.3¢-4,6.3¢-4] | 1.7e-17 (20) ete” — 7t~ (Belle II) | 2401.04449

7 ||[-1.28e-3,1.05e-3]| 6.439e-18(20) | ete”™ — et 7™ e~ (CLIC) [1903.04135

[-2.65e-3,2.46e-3]|1.437e-17 (20)| e p — e 7777 p (yyfusion) |1903.04135

[-6.7e-3,6.5e-3] |3.692e-17 (20)| pp — p 7777y p (yyfusion) |1903.04135

[-2.42e-3,7.1e-4] | 7.31e-18 (20) |ptpu~ — put 777 pu~ (yyfusion)|1811.01188

[-4.6e-3,8.3e-3] | 1.2e-16 (1o) | pb pb — pb 77~ pb (v fusion) | 1908.05180

CLIC 3 TeV, 3000 fb-1

Belle Il, 10 GeV, 1 ab-1

CLIC 3 TeV, 3000 fb-1

FCC-he, 10 TeV, 1000 fb-1

LHC, 14 TeV, 300fb-1

6 TeV, 710 fb-1

2 nb-1, ultraperipheral collision(UPC)



particle Original Results Process Reference
ay |aA|
Sp =[-4.5, 1.2]| %% =[-0.12,0.51] (20)| LEP, LHC Run2 global fitting 2012.02779
top || [-0.098,0.023] &5 = 0(20) Transferred from Wilson Coeflicient| 2012.02779
[-0.035,0.038] [-0.17,0.16](10) LHC 300 fb~!, gg — ttproduction |hep-ph/0601112
particle Original Results Process Reference
ay laal
-8.1e-4,8.1e-4] | 0.14 (1o) | e"e~ — tt production at the FCC-ee [1503.01325| 365 GeV, 2.4 ab-1
[-0.001,0.001] - (10) ete” — tt production at the ILC | 1307.8102 | 500 GeV, 500 fb-1
[-0.0234,0.0325]|0.0277 (20)| ~ye~ — tbv.(single top at CLIC)  |1602.05991| 3 TeV, 2000 fb-1
top |/[-0.2203,0.0020]|0.0206 (20)|eTe” — e*tte” (CLIC, yyfusion best)|1702.03708| 3 TeV, 2000 fb-1
[-0.1218,0.1036]|0.0815 (10)| pp — pttp (yyfusion) (33 TeV LHC) |1504.06695| 33 Tev. 3000 fb-1

TABLE XVII. Future top Dipole moments Constraints.



