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Outline

= B meson decays to sterile neutrinos

= B meson decays to axion-like particles (ALPs)
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Sterile neutrinos

® heavy neutrino = Heavy Neutral Lepton
@ sterile = gauge singlet
@ usually studied: mixing scenario

vy = Ugv; + UyN;  with £ =e,u,7, and j=1,2,3
mixing matrix sterile neutrino

@ ... but B physics is not competitive for mixing scenarios
@ Yet B decays interesting, if some new Yukawa interaction couples
b quark to N]
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Sterile neutrinos

br CLR
b r CRL S,
® One could have
b e
14 N N T fLr
leptoquark

@ Here the sterile neutrino is exclusively produced in B meson decay.

B We first assume that N is undetected.
(True, if N is light enough or decays to the dark sector.)
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Effective hamiltonian

@ Parametrise arbitrary new-physics interaction to dimension 6:

AGp | _ > N (= Z Nz 1 \(7
H o = ﬁ b | CLr )&y vy ) + & VR(C RY,DRI(CRY'N) + 8SL(C rRb(CN)

/+;§\;(5Lb13)(?LN) + g]TV(EchWbR)(?La””N) +h.c.

Robinson, Shakya and Zupan, 1807.04753

SM term

® None of the N terms mimicks SM interaction = study angular distributions



Study of B — D*¢ TN Belle data

Florian Bernlochner, Marco Fedele, Tim Kretz, and Markus T. Prim

N\

Belle (-I1) group at University of Bonn

£ =eorpu JHEP 01 (2025) 040
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Study of B — D*¢ TN Belle data

@ Belle has vetoed M, > 50 MeV in its angular distribution data.

@ Thus we were only sensitive to M), < 50 MeV. We find no hint of

non-zero coefficients g@;, gé\z, gé\;, g]TV and place bounds of (0(0.3)

@ By SU(2) symmetry gé\;, g]TV are much better constrained by b — sv; N

decays, d]e\llta on ]]\573(B - KO+ E . ) o —
imply [gg [, 187 | < 0.01,

Felkl, Giri, Mohanta, Schmidt, EPJ C 83,, no. 12 (2023) 1135.

local p value

1073 3

® Nice (but statistically insignificant &) | | 0 +

bump at M), = 354 MeV. O e o2 da ds o8 10 1

M2, [GeV?/c?]
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Sterile neutrino decay through mixing

@ Best possible world: N is long-lived so thatit N la
decays with a displaced vertex. _

B Assume that the decay is via mixing with only ’E}XJ”

one active neutrino v, , »

N— =Xt or N— vX
Dominant contribution to the decay rate for N Vo
XY being a multi-hadron state.

® Need calculations of ['(N — Z+hadrons) and 1 .
['(N — v+hadrons) to predict q }X
® the lifetime of N
@ and all branching fractions.
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Sterile neutrino decay through mixing

Using five-loop results on current correlators from the literature we have
calculated I'(N — #+hadrons) to order a. to determine the ranges for M,
for which perturbation theory works and reliable predictions are possible:

My > 15GeVforZ =e,pu
and
My, > 3.0 GeV for ¢ = 1. T. Kretz, UN, arXiv:2512.00476

With I'(N — v+hadrons) (in progress) we will be able to delineate the region

for mass and mixing angle for which /N decays in the detector with a displaced
vertex.
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B decays to ALPs

- Phenomenological motivation: Belle Il find B(BT™ — K+ + nothing) above the SM
prediction for B(B — Kuvv) by 2.70.

= An axion is a pseudo-Goldstone boson of a U(1) symmetry ("Peccei-Quinn
symmetry”)
= purpose: solve the strong CP problem
= fixed relation between mass and couplings

= no interesting collider phenomenology
= ALP: same, but with some extra explicit symmetry breaking

= mass and couplings are independent
= standard candidate for Dark Matter or mediator to the Dark Sector
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DFSZ model

1"

Widely studied benchmark for an “invisible ALP” model, meaning that ALP couplings to

SM particles are small. Dine, Fischler, Srednicki, Phys. Lett. B104, 199 (1981)
Zhitnitsky, Sov. J. Nucl. Phys. 31, 260 (1980)

The starting point is a 2HDM with U(1 )PQ symmetry rendering the
pseudoscalar Higgs boson A, massless.

Add a complex gauge singlet field with vev £,
o+ iag
O = f+ ,

S
V2
Add a mixing term to the Higgs potential V which breaks all U(1) symmetries,
V20,0, .

Moriond 2026 electroweak B decays into light BSM particles Ulrich Nierste



ALP coupling to other Higgs bosons

- Two effectsof V' D ),CD?(I)MCI); | e— new couplings:

compare
/ with
DFSZ 2HDM
= Mass matrix with a, — Ay mixing: . L , . ,
. / 7/ /
Ag=Acos@+asmnd 6N, JOHY 6N JTHY G- JOHY
\(’ \(’ \(’
. . . I | Ao |
= Alis .heavy, a is light, and | X |
Slne ~/ 9 << 1 | Qo | Qo | AO
I I I
mﬁ m12_1+ —mﬁ mIZ_I+
V2Af = g6 2my 9 omy Yom,

5 mf term cancels and one gets the correct coupling from 2HDM multiplied with ¢
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ALP coupling to other Higgs bosons

= We confirm the one-loop calculation of the B — K + a decay rate.
Freytsis, Ligeti, and Thaler, Phys. Rev. D 81, 034001

- At two-loop level the rule “o/(B — Ka) = 0 /(B — KA")” does nothold *

/ a
/
anymore. There are genuine contributions « A from diagrams like _d
P
- H i )
= The two-loop calculation is enhanced by a factor of ' {
V -~
tan f = — (ratio of vevs of the two Higgs doublets) W_ré H* \\\G‘
Vd > >y
and non-negligible. s t b

Gao, UN, Phys.Rev.D 112 (2025) 5, 055008

13 Moriond 2026 electroweak B decays into light BSM particles Ulrich Nierste



Phenomenology of B — Ka

1010
Since Belle |l sees missing energy, a must

dominantly decay to the Dark Sector, beyond
the DFSZ model. 10-15

Belle Il data hint at m, ~ 2 GeV.

One-loop and two-loop contributions have op-
posite signs. Blue region explains Belle |l
data (dark blue: all, only one-loop).
Look for displaced vertex decay a — u " u™.
But branching fraction is unpredictable, 10729

since B(a — dark sector) is free parameter.

Y(1S) — ya constrains the plot and could .
be “smoking gun” signal. 2 4 e 8 10 12 14

10720

Siné
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Summary

= Belle Il can study B decays with missing energy.

= Detectable semileptonic B decays to final states with a sterile neutrino /N can occur in e.g.
2HDMs, but not in the standard mixing scenarios.

= To study /N decays we need predictions for the total decay rate, especially to find
the parameter space with “sweet spot” lifetimes, leading to displaced-vertex signals.

The QCD calculations for N — £+hadrons is complete now.
- Belle Il data for B(BT — K + nothing) can be explained with an ALP of mass around 2 GeV.
= ALPs of the popular DFSZ model can indeed explain the data, when amended by

ALP decays to the dark sector.
= The parameter space of this model is efficiently constrained by other measurements.

We communicate this through our established channels....
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Psst!!! Hey, bud! C’'mere.

You can make a DISCOVERY
and become famous!
And it is JUST AROUND
the corner!

Wow, | can become
famous!!!

Just look for

Moriond 2026 electroweak B decays into lights<



