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Standard Model Effective Field Theory

Effective Field Theory: A
» Non-renormalizable QFT with clear separation

between UV and IR modes and a power counting
* Allows Separation of scales:

 QOperators: IR interactions

Parametrise New Physics! th
Scale Dependent Couplings! f //t

a4
L =L+ Z (Al ) c;(1)0; + O(A™)
i€s, uv

e Size of WC: UV physics

| @ BSM Physics

f IR physics, always the same
Warsaw Basis
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Increasing the Energy:

1. Direct (LO) access to New Physics




Increasing the Energy:

1. Direct (LO) access to New Physics

Energy Helps Accuracy!

See: Farina et al. 1609.08157
00 E 2 Corbett et al. 2503.19962
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Naive Expectation
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Naive Expectation
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Can the unprecedented sensitivity of a Tera-Z run compensate the relative suppression?
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Four Fermion Operators

>< X

) Four-fermion operator (b) Z-vertex correction

_

Sensitive to a plethora of
4F operators

« e¢Te” operators enter at
LO and are energy
enhanced

Strongest bounds from
top enhanced running

Best studied: e.g. Bellafronte et al.
2304.00029, Allwicher et al. 2311.00020,
g Stefanek 2407.09593, Greljo 2411.02485...
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Gauge Operators

~

\(a) LO Z-pole oblique params.

e

(b) aTGC (c) NLO Z-pole oblique params
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10,3
Syw = i(DFH)'t(DVH)W,

Syp = i(D*H) (D'H)B,,

— IvyJ pyyK
Syw = eygW, W, W,
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Higgs Operators

-\ W
\ (a) Higgs self-energy (b) ete”™ — ZH (c) Z-pole oblique params. )
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Real Singlet Scalar

 Real Singlet Scalar with Z,-symmetry 12
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-
-
-
-
-
w
-
-
- -
-
-
-
P
-

* Simplest extension of the SM that allows

for a first order EW phase transition
Jiang et al.1811.08878 , Haisch et al. 2003.05936

* Hardest “loryon” to probe experimentally
Banta et al. 2110.02967, Crawford and Sutherland 2409.18177

« Z pole covers Loryon parameter space! 200 400 600 800 1000
m¢ [GGV]

2 Above-pole 7
On-pole

11



The Higgs Self-Coupling at FCC-ee



Motivation

* One of the few remaining parameters to be
determined precisely =

« Slight modifications have severe phenomenological

implications!
~0.1——25 (')H :
H v
e Because we can! Thanks to Asteriadis et al. 2409.11466

 Constrained indirectly at NLO inete™ — ZH
McCullough 1312.3322 Di Vita et al. 1711.03978 |
[ " " " [ I
* Meaningful interpretation only in consistent framework ~ .. .,

=> SMEFT at NLO allowing for all possible variations! s
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https://arxiv.org/abs/2409.11466
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The indirect way
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The indirect way

VS

olete™ - ZH) X 2
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The indirect way

‘ Flavour Symmetries

o(ete” = ZH) X 2

Top, Higgs, Diboson,
Drell-Yan from HL-LHC

Di-fermion, Diboson and
EWPO from FCC-ee

Di-fermion, Diboson
from LEP

Current Flavour data
“Boundary Condition”
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FCC-ee projected sensitivity

Scenario or[TeV2]|68% CL dkx
Cyg Only 0.39 18%
Bosonic Only 0.52 24%
U(3)° 0.57 27%
U(2), x U(2)y x U(3)? 0.61 29%
U(2)° 0.62 29%
U(2)5 wa X UML) .- 0.68 32%
U(2)° (3rd-gen. dominance)| 0.54 25%

N

5/@\

Single Operator

Bosonic Only
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Conclusion

 Extreme precision at Z-pole can compensate for a loop suppression or
energy enhancement in the cross section

e A Tera-Z run is extremely versatile

 Any FCC-ee fit needs to include NLO Z-pole observables + RGE

» Higgs Self-Coupling bound robustly to ok, < 30 % at FCC-ee

 Beautiful complementarity between all FCC-ee runs!

18



Conclusion

 Extreme precision at Z-pole can compensate for a loop suppression or
energy enhancement in the cross section

e A Tera-Z run is extremely versatile

 Any FCC-ee fit needs to include NLO Z-pole observables + RGE

» Higgs Self-Coupling bound robustly to ok, < 30 % at FCC-ee

 Beautiful complementarity between all FCC-ee runs!

Thank you for your attention!
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Warsaw Basis
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The Future Circular ¢ ¢~ collider

Energy [GeV] 163

“Accuracy” 2.4-108 WW

On Pole:

FB 4FB
00n-pole:{Fz»Uhad»RzaAg’é»Rb»RcaAb A aAZ»AbaAc»AsamW»FW}

Above pole:

Oabove-pole = {a (e+e_ — W+W_), % (e+e_ — ZH), % (e+e_ —>ff) }
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EWPO

_ 3
PEPNACES ) Apg = 3N
f

_122T(Z = e*e)(Z - 43) D(Z > fi 1) ~T(Z > [ fz)

Ghad — 5 5 Af —
mZ FZ F(Z _>f f )

2. I'(Z - q9) — qq

R = . P = ['(Z — qq)

['(Z = [+]) ! Z% I'(Z = q:9)
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ACE in action: WIMPs

Real Scalar

Complex Scalar
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Custodial Quadruplet
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Name

Description

Z |W-pole Electroweak Precision Observables
58) Single H | Inclusive eTe~ — ZH, vivH cross sections
8 Diboson Total cross sections at 163, 240, 365 GeV
Di-fermion | Cross sections and Arg at 163, 240, 365 GeV
[P Diboson | Diboson total and differential cross sections
Di-lepton Di-lepton production for /s > mz
® Top t, tt, ttV, tttt and bbtt (diff.) cross section
E Higgs Higgs signal strengths and STXS data
= Diboson Fiducial differential dist. for VV and Zjj]
| Drell-Yan Di- and mono-lepton high-pT tails
Flavour AF =2,b— crtv, b — sbl, and b — svv

26



