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(SM) — easily overcome by new physics (NP) effects.

- In the SM: gpee ox me — NP can break this relationship.

- Parametrise deviations in terms of ke = e
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- Constraints:

HEHC < 240 (Tumasyan et al. )
- kHEHC <120 (Cepeda et al. )
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- Challenges:

- Need high precision on Higgs mass (few MeV).
- Need monochromatised beams.
- Large backgrounds.

What do we learn (EFT/Models)?

—P
Other observables? 2



EFT PERSPECTIVE
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Lsmerr = Lsm + Z CéD)O,iD)
kD>

- At leading order (D = 6), only the Warsaw basis operator Ogy
can modify a lepton Yukawa coupling in a manner o g7/,

Oet = (HTH)(I Heg) ]

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

1 Voo
[Gheelij = ;[Me]ij - \ﬁ[ceH]ji = GHee ¥ My!

- Assume ‘electrophilic’ flavour structure: only [Cep]11 # O
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INDIRECT CONSTRAINTS ON Cey

- 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 gpee.

- In SMEFT, corrections arise from the EW dipole operators.
Oep = loye HB™, Oy = loye T HWI™.
- Leading connection Qe — Oew/Oep IS at the two-loop level.

BH /W

(Panico, Pomarol, and Riembau 2019) 5
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Aae = ag® — a2, with: ap = (ge — 2)/2 ]

- AQ, sets indirect constraints on ke enhancements.
- Current constraints are very weak.

- We assume |Aafiture| < 5% 107 @ 95% C.L (Di Luzio et al.
).

* |ke| < 70—Better than HL-LHC

Working the SMEFT alone, Aa, is insufficient to constrain ke
to O(1).
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UV MODEL PERSPECTIVE

- We looked at all single- and multi-field extensions which
generate Cepy ¢ Mo.

- For these extensions, matching at any loop order, we find
you should generally expect to generate Ogg/Oey at most
one-loop order higher than Ogp.

o B/W

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

- If extension is a scalar doublet ¢ ~ (1,2, 7), can generate
Oy at tree level.

e H
/// A\ e \*
'"Zp""*\'\"HT — Cer = go/%:) :
[ H
However, we do not generate Qgg/Oew at one loop.
q
i
emai()in x ¢'(q) =0
P ' ! H



SCHEMATIC BOUNDS

. e 2 Nigops—1
Cey = (cos(Ow)Cep — sin(Bw)Cew) = 1672 (1g7T2> o
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SCHEMATIC BOUNDS

gz Nioops—1
( 1672 > Cen

cf. [k < 1.6

. e
Ce»y = (COS(HW)CQB — SIn(@W)CeW) — @
Nigops | | kel (Aazuture)
0 < 1.01
1 <3
2 < 300

Two loop suppression between k. and Ad,
required for large enhancements.
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Thank you!
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UV MODEL PERSPECTIVE

State ‘ Spin ‘ SM charges ‘ Ceti ‘ Ces/Cew
S 0 |(1,1,0) tree 1 loop
¢ (with Higgs coupling) | 0 | (1,2,3) tree | 2 loop
= 0 |(1,3,0) tree 1 loop
= 0 | (1,37 tree 1 loop
E =1 tree | 1 loop
A 12,3 tree 1 loop
s I 1(,2,-3) tree 1 loop
¥ 3 1(1,3,0) tree | 1loop
pu T (1,3,-1) tree | 1 loop
 (with top coupling) 0 [(1,2,9) 1loop | 2 loop
W 0 [(31,-1) 1 loop | 1 loop
my 0 | (32% 1 loop | 1 loop
U 1 |(,1,32) 1 loop | 1 loop
Qs 1 (,2-2) 1 loop | 1 loop

Blue = non-renormalisable interaction required to match to

Cely, Cog, Cow = See (Erdelyi, Grober, and Selimovic 2025) .
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FINE-TUNING

1 3v? 2C,
5(Ve — 5Cen) —Vy:H B ¢

K_ghee_ V2 —1_ 1_
e — e 2 - 2 -
T e~ %Ca) 1 S 1-¢/2

VZCeH

Large k. requires tuning ¢ (= s ) close to 1.

dlnk
dIn(

:’(1—@(3—@
2K

A:’

which behaves as
imA ="
K>1 2

= ke = 10 requires ~ 20% tuning.
15
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