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Process a motivation

Decay channel Physics motivation

« Standard-Model rates are very small:
hipn) = V() +7(q), W=k +q.
(Pr) (k) +(a) P 1 light V, J/4 : 107°-1076, YTy: 1072

= Current LHC limits remain at a few x10~4.

= M s pyw, o, J/, Y. . .
esons: p,w, ¢, J/ = Probes Higgs—quark couplings, electroweak loops,
= Transverse V' and on-shell photon. dipoles, and meson structure.

= CP-even SMEFT corrections at O(1/A2).

A single exclusive Higgs decay can probe several SMEFT directions in a channel-dependent way.

SM sizes and current limits follow the manuscript summary and ATLAS/CMS Run 2 searches.

Dimitrios Beis — Exclusive Higgs Decays to Mesons in SMEFT HEP2026 — 42nd Conference 2/20



Amplitude and form factors

For transverse V' and ~, the amplitude can be written as

-€5) (k€2
iA(h — V) = —% [ (e*{/. e — e (ke) Vk)(q 7)) Y
‘ k”qye*ae*ﬁ
s FY |

= F): CP-even form factor. = F)Y: CP-odd form factor.

= This is the focus of the talk. = Not considered in this analysis.

All CP-even short-distance information is encoded in F}.
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Two physical mechanisms

Direct part Indirect part

h — qq + 7, qq — V. h— vy =4V, h—~Z* —AV.
= Probes Higgs—quark structures. = Probes hyy and hZ~.
= Sensitive to Yukawa and dipole operators. = Sensitive to bosonic SMEFT operators.

V _ Vv \%
E — Fi,direct + F;

i,indirect

The same decay receives two amplitudes that test different SMEFT directions.
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SMEFT operator map

Quark-sector operators Bosonic operators

= Yukawa-like operators: Q¢ and Qgep. = QoB, Qow, Qown.

= Dipole operators: Qup, Quw, Quis, Qaw. = Modify hyy and hZ~.
= Main effect: direct amplitude and contact

=« Main effect: indirect amplitude.
term.

Quark dipoles <> contact term, bosonic operators <+ v*/Z* poles.
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Direct contribution: contact topology

Interpretation
zk ak
g Z= . = = Diagrams (a) and (b): photon
- % e i emitted from a quark line.
D R = Pn o &
ok LS o = Diagram (c): local SMEFT
= ] T contact vertex.
(a) (b) (c)

= Generated by quark dipoles:
QuB, Quw, Qar, Qaw .

The contact diagram is genuinely SMEFT; it is not a simple Yukawa rescaling.
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Direct contribution: compact structure

At leading twist, the direct contribution contains the meson light-cone structure
€ L
F mq fV fl dr qbv(a:,u)
dlrect z(l—x) °

Fd FY

ukawa + Fd + Fcontact

irect ipole

= The SM-like part is Yukawa suppressed: proportional to mgq/v.
= The dipole/contact part depends on Cyp and Cow .

= The hadronic information enters through fif and ¢i.

The direct amplitude probes both Higgs—quark couplings and quark dipole operators.
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Indirect contribution: photon and Z poles

Mechanism

= The Higgs first produces vv* or
NZ*.

= The off-shell boson converts
into the vector meson.

SM one-loop Tk
b=y /2"

®) ®) © = SMEFT modifies these vertices

through C,,, and Cz.
The indirect amplitude probes effective Ay~ and hZ-y interactions.
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Indirect contribution: Wilson combinations

Vv V,SM V,SMEFT _
Fl,indirect = Fl,indirect + 5Fl,indirect ’ OF = 6F’Y* + 0F 7.
Photon-pole direction Z-pole direction
) ) G 5
C»y»)/ = CWC¢B + SWCd)W — SWCWCd)WB. C'yZ = SWCW(C¢B — C¢W) -+ TC(bWB.

For light mesons, the photon-pole contribution is usually the dominant indirect piece.
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Full SMEFT result for £

_ V2 fi mj,
FY = &vQvFM (1 + 88uerr) — e

e fv Az
1 2
+8stw mwy mifm%,cﬂ/7+8vv my _ m%, mlzzmeCvZ‘
e my A2 m2 m?, A2
Wilson combinations Physics content of the result
oV = E Vo = SM-like direct term with Yukawa and input-parameter shifts.
q

P = Local contact term from quark photon dipoles C'V7.

= Indirect hyy* and hZ~"* poles controlled by C?” and
~NZ

C"" = cwCuB + swCuw, o

c¥

cewCap — swCaw .

loxal oz

Different pieces of the same form factor probe different SMEFT Wilson-coefficient directions.
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Bottom dipoles in i — T(15)y
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0
Wilson coeficient

In T(1S), the SM direct and indirect amplitudes nearly cancel.

Why this channel is special

= In the SM, direct and indirect
amplitudes nearly cancel.

= The SM branching ratio is strongly
suppressed.

« A small SMEFT amplitude can
produce a large relative change.

The diagonal band follows mainly C* = cWCS’% — sWC’g%V.
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Why flavour constraints matter

Same SMEFT dipoles Radiative B decays

C3d, C33, C3, O3, — ACr — B — X,
« enter i — T through C*7; = Strong constraints are possible.

= can also contribute to radiative flavour = The result depends on flavour assumptions.

observables.

A large T~ enhancement is not automatically allowed; it must be checked against flavour data.
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Alt(‘l)

= The b — sy amplitude receives three gauge-related one-loop contributions.
= The W self-energy, Goldstone self-energy, and W-contact pieces must be combined consistently.

= The resulting finite matching contribution is the key ingredient for the flavour bound.
Remark: similar diagrams also contribute to C’g%.
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Exact one-loop result for C33 — C

(¢

Notation for the finite expression

2 2 2
A M
Dp = DiscB(m?;ms, Mw),  Li=In—t,  Ly=In——, Ly =In—W
: M2, M2, M2, — m2

A= mf: + m‘: + me‘%V — QM;LV + m§(72mf + M‘%V),

B = m_f — Bmfim% +mf — SmeéV + 2M€V — 3m§(mf + Mév)

Finite part used for the phenomenological bound

gz)w

- Fp C3%.
25672 (mp — ms)m3 M3, e

(Ca%)en =

Fp =2m>ADp — BL; — 2 [mimf(5m§ —m? — M) +3mimlLa + (mS — 3m2 My, + 2M3V)LW] .

Dimitrios Beis — Exclusive Higgs Decays to Mesons in SMEFT HEP2026 — 42nd Conference 14/20



B — X,v: finite matching and numerical bound

Finite matching Single-coefficient scenario
23 o My (€236, Cis #0, Cqy =0, Cip=Cig =0,
Liy= ™, —az A=1Tev.
O3 = ——8x2e® 23 Numerical result

VA4Taem mpAg dy

—0.04 < C3% < o0.11

1o bound from finite one-loop matching

Branching-ratio input: BR(B — X.v) ~ [3.39 — 2.10 x 3.93C>7] 10~ *.

= The bound comes from the finite exact one-loop contribution to C;’A’.
= The 1/€ pole is not used as a bound; it is only a UV/RGE consistency check.
= For universal Cyp, the Cé}s and Cg?a loop contributions must also be added.
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UV pole and RGE consistency check

Pole part extracted from the exact one-loop result

392/\t

msm?

(CoE)1)e =

12872 (my, — mg) M3, €

1 33
_CdB

MS counterterm subtraction

23 23
SCdB MS = _(CdB)l/ﬂ

(CiH)ren = (CT%)fin-

RGE check

d
16W2m[cd3]rs = [BaB]rs,

[Bagl2z D —2[0uTl Caplos + - - - .

= The flavour-changing UV structure agrees with the Cyp RGE direction.
= After the counterterm is included, the physical matching result is finite.
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Charm and light-meson dipole directions

J /1~y probes charm

J /¢ = ce,
C = ewC2E + swChy.

= Corrections can be order one in the
rate.
cC probes the up-type dipole combination.

= Less amplified than Y.
J /1~y and light mesons provide complementary information to the bottom channel.
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