
THE PRICE OF A LARGE ELECTRON YUKAWA
MODIFICATION
…and what we would learn from a Higgs pole run at FCC–ee

Ben Smith
(based on arXiv:2511.02642 w/ L. Allwicher, M. Mccullough, S.
Renner, D. Rocha)
17th December 2025, YTF 2025



THE ELECTRON YUKAWA COUPLING

e−

e+
ghee

h

∙ The smallest fundamental coupling in the Standard Model
(SM)→ easily overcome by new physics (NP) effects.

∙ In the SM: ghee ∝ me → NP can break this relationship.

∙ Parametrise deviations in terms of κe = ghee
gSMhee

∙ Constraints:

∙ κLHCe < 240 (Tumasyan et al. 2023)
∙ κHL-LHCe < 120 (Cepeda et al. 2019)
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FCC-ee PROSPECTS

∙ Projected |κe| < 1.6 @ 95% C.L from a dedicated run at the
Higgs pole (

√
s = mh) (d’Enterria, Poldaru, and Wojcik 2022) .

e−

e+
h

W, Z, γ,g, b̄, τ+

W, Z, γ,g,b, τ−

∙ Challenges:
∙ Need high precision on Higgs mass (few MeV).
∙ Need monochromatised beams.
∙ Large backgrounds.

What do we learn (EFT/Models)?
Other observables?
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EFT PERSPECTIVE



LEPTON YUKAWAS IN THE SMEFT

LSMEFT = LSM +
∑
k,D>4

C(D)
k O(D)

k

∙ At leading order (D = 6), only the Warsaw basis operator OeH
can modify a lepton Yukawa coupling in a manner ̸∝ gSMhℓℓ.

OeH = (H†H)(̄lLHeR)

∙ New contributions to lepton flavour conserving and violating
Higgs couplings.

[ghℓℓ]ij =
1
v [Mℓ]ij −

v2√
2
[C∗
eH]ji ⇒ gHℓℓ ̸∝ Mℓ!

∙ Assume ‘electrophilic’ flavour structure: only [CeH]11 ̸= 0
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INDIRECT CONSTRAINTS ON CeH

∙ Natural to look at the anomalous magnetic moment of the
electron (ge − 2) as it is the only other observable with the
same chiral structure as ghee.

∙ In SMEFT, corrections arise from the EW dipole operators.

OeB = l̄σµνeHBµν , OeW = l̄σµνe τ IHWµν
I .

∙ Leading connection OeH → OeW/OeB is at the two-loop level.

l e

Bµ/Wµ

H

(Panico, Pomarol, and Riembau 2019)
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κe VS ∆ae

∆ae = aexpe − aSMe , with: ae = (ge − 2)/2

∙ ∆ae sets indirect constraints on κe enhancements.

∙ Current constraints are very weak.

∙ We assume |∆afuturee | ≲ 5× 10−14 @ 95% C.L (Di Luzio et al.
2025) .

∙ |κe| ≲ 70→Better than HL-LHC

Working the SMEFT alone, ∆ae is insufficient to constrain κe
to O(1).
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UV MODEL PERSPECTIVE



UV MODEL PERSPECTIVE

∙ We looked at all single- and multi-field extensions which
generate CeH ̸∝ me.

∙ For these extensions, matching at any loop order, we find
you should generally expect to generate OeB/OeW at most
one-loop order higher than OeH.

l e

H
H†

H

l e

H

B/W

Grey blob = diagram of arbitrary loop order involving heavy
state exchange.
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THE φ (2HDM) EXCEPTION

∙ If extension is a scalar doublet φ ∼ (1, 2, 12), can generate
OeH at tree level.

e

l

H†

H

H

φ
CeH =

λφ(yeφ)∗
M2φ

.

∙ However, we do not generate OeB/OeW at one loop.

φ H
kk− q

q

∝ qµϵ∗µ(q) = 0.
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SCHEMATIC BOUNDS

Ceγ = (cos(θW)CeB − sin(θW)CeW) =
e

16π2

(
g2
16π2

)Nloops−1

CeH

Nloops |κe| (∆afuturee )
0 < 1.01
1 < 3
2 < 300

cf. |κFCC-eee | < 1.6

Two loop suppression between κe and ∆ae
required for large enhancements.
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VISUAL SUMMARY
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Thank you!



BACKUP SLIDES



UV MODEL PERSPECTIVE

State Spin SM charges CeH CeB/CeW
S 0 (1, 1, 0) tree 1 loop
φ (with Higgs coupling) 0 (1, 2, 12) tree 2 loop
Ξ 0 (1, 3, 0) tree 1 loop
Ξ1 0 (1, 3, 1) tree 1 loop
E 1

2 (1, 1,−1) tree 1 loop
∆1

1
2 (1, 2,− 1

2) tree 1 loop
∆3

1
2 (1, 2,− 3

2) tree 1 loop
Σ 1

2 (1, 3, 0) tree 1 loop
Σ1

1
2 (1, 3,−1) tree 1 loop

φ (with top coupling) 0 (1, 2, 12) 1 loop 2 loop
ω1 0 (3, 1,− 1

3) 1 loop 1 loop
Π7 0 (3, 2, 76) 1 loop 1 loop
U2 1 (3, 1, 23) 1 loop 1 loop
Q5 1 (3, 2,− 5

6) 1 loop 1 loop

Blue = non-renormalisable interaction required to match to
CeH, CeB, CeW ⇒ See (Erdelyi, Gröber, and Selimovic 2025) .
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FINE-TUNING

κe =
ghee
me
v

=

1
2(ye −

3v2√
2CeH)

1√
2(ye −

v2
2 CeH)

= 1−
v2CeH
ye

1− v2CeH
2ye

= 1− ζ

1− ζ/2

Large κe requires tuning ζ (= v2CeH
2ye ) close to 1.

∆ =

∣∣∣∣∂ lnκ∂ ln ζ

∣∣∣∣ = ∣∣∣∣(1− κ)(3− κ)

2κ

∣∣∣∣ ,

which behaves as
lim
κ≫1

∆ =
κ

2 .

⇒ κe = 10 requires ∼ 20% tuning.
15
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