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Light NP in Rare B- and D-decays

CFT5 Ongoing and Future Project Overview:

1. Search for SM B — K" decays with semileptonic tagging
Proponents: Georgios Alexandris, Slavomira Stetkova + other Belle Il collaborators

2. Search for SM B — K®ui decays with inclusive tagging

Proponents: Valerio Bertacchi, Slavomira Stetkova + other Belle Il collaborators

3. Search for SM B — puvv
Proponents: Other Belle Il collaborators

4. Prediction for B — X vv (theory)

Proponents: Jack Jenkins

5. RA2-17: Search forB = K/D/p ...+ X, theory)

-lavor Structure in Axion models and generic extension with light NP
’roponents: Feldmann, Stamou, Stetkova: 1 experimental PhD position to be filled

6. RA2-15: Charm with Invisibles theory)
Proponents: Hiller, Stetkova

If you know of anyone in your groups working
on light NP searches (theory + ), let us know!
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Light NP in rare B-decays

Rare B decays:
O GIM suppressed flavour changing neutral currents

(FCNC) [b = s/d(y)], e.g BT — K*vi b

He+ [2309.12741]
Chen+ [2309.12904)
6 Marzocca [2404.06533)
Allwicher+ [2410.21444)

Athron+ [2308.13426]
Gabrielli+ [2402.05901)

Ovchynnikov+ [2306.09508)

Marzocca+ [2404.06533)
neutral current decay 5 Abdughani+ [2309.03706) _
N ' . Bird+ [hep-ph/0601090]
5 — Berezhnoy+ [2309.17191) Hos [2401.10112]
1) Datta+ [2310.15136) “0 I2403'12485]
c+ . :
McK 2312.00982 Tang+ [2
cKeen+ | | He+ [2502.09603] Wang+ [2309.0
( Ho+ [2401.10112]
4 Bolton+ [2403.13887]
+ Bolton+ [2503.19025)
® Berezhnoy+ [2507.10801)

Chen+ [2403.02897)
Dev+ [2407.04670)
Hati+ [2408.00060)

Altmannshofer+ [2311.14629]
Fridell+ [2312.12507) /

\
tmannshofer+ [2311.14629]
2 _ » tmannshofer+ [2411.06592]
1[2412.19084)
dibbi+ [2502.04900] -
ng+ [2504.00383)
' t
/

Bt - Kt +inv

» Gabrielli+ [2402.05901)
Bolton+ [2403.13887)
0 p— é ¢ o q i & Hu [2412.19084)]

Calibbi+ [2502.04900] Bause+ [2309.00

Deviation from SM prediction in o

. Aliev+ [2503.22347) 3-body decay SMEFT Allwichers+ [230
‘ Bolton+ [2503.19025) EFT
| | | | | | | | | | | | | | | Di Luzio+ [2505.11499)
\Q\ 0,\ \\:\ x\.\ K\\\\ \‘\\\ c\\ \\\\ \\\\ \\\\ \‘/\\ @ Q)x 1. \s\ \1 \\x Berezhnoy+ [2507.10801)
S Q‘\ AN Q”\’ ; /! 2 /,\\ . A 7 o\ o a A }\\ &t‘* §b$ NN He+ [2209.05223)
@S) Q;( 7 Q;( Q\; 2 \G\ = $\© ’ Q; '73\5' ??s\ This is an incomplete list. ::f,:, .lz[ﬁzlfzys,] Felld+ [2111.04327)
@\ '6\ .@\ \o ﬁ\ Let me know if any paper is missing. Bofton [2463.15887)] Felkl+ (2309.02940)

Bolton+ [2503.19025) Leals (2404.17440)

Slavomira Stefkova, slavomira.stetkova@uni-bonn.de 3 CFT5 Kick-off, 28.4.2026 u

UNIVERSITAT



mailto:slavomira.stefkova@kit.edu

B — K%Yvub Measurements Overview

Post-summer 2023
PRD 109, 112006

Pre-summer 2023

Limits: 90% C.L. — first evidence of the BT - K*up
1073+
Belle II (63 fb~1, INC), PRL127, 181802 ()_497iso%3/£ éﬁ)ﬁrage
Babar (429 fb~!, HAD+SL), PRD87, 112005 . -
35 o : Belle II (362 fb!, combined)
Belle (711 fb~1, SL), PRD96, 091101 ’ : 2.340.7 This analysis
: | Belle II (362 fb!, hadronic
1074+ ° 1.1 o : ' 1.1+ 1.1 Thiganalysis )
: |
0 . o 35 o5 \ : Belle II (362 .fb‘l, inclusive)
° E I 2.740.7 This analysis
: | Belle II (63 fb!, inclusive)
. . ¢ : : 1.9+1.5 PRL127, 181802
107>} : : Belle (711 fb!, semileptonic)
: I 1.040.6 PRDY96, 091101
: ! Belle (711 fb™!, hadronic)
: 294+1.6 PRDS87, 111103
: ' BaBar (418 fb!, semileptonic)
10—6 I N SR ! E : 0.2+ 0.8 PRDS&2, 112002
3 3 3 Q§ | —ie BaBar (429 fb!, hadronic)
* N * > : I 15+1.3 PRDS7. 112005
7‘% 7% L N ! 1o | L .
. S 7 o7 0 2 1 6 8 10
Q Q & Q L
10° x Br(BT™—K " vp)
Channel
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https://link.springer.com/article/10.1140/epjc/s10052-023-11388-z
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

Probing Light NP in B¥ — K*vi Measurements

arXiv:2602.09666, submitted to PRD

We performed both Bayesian and frequentist analysis to obtain constraints on B¥ — KX parameters

Marginalised posterior distributions 95% C.L limits on B(B* — K*X) - Py iy Best-fit projections
><10—5 + Belle II data ] BOBO
Ty =05 GeV E4_CL T BN Sional == 5B
— I'x =0.1 GeV (f 5 _ L CL:exp ] ] I SM constr. B Continuum
Mode I'y = 0.1 GeV m : 190 Ol SM unconstr.
52 mm +10CL,,, -
5 1 - . 0
§ e Rl %
3.2_"'1"'1"'|"'|"_‘ 0= | g
i - 4 T -
=~ 28} 6 : S
= ¢ |
O, 24 - (S q
> : 5 E
E 20 2@ : —
-..I...I...I...I.._ il B P . g _ Q?
6 12 18 24 20 24 28 3.2 = i
5
1956 mx [GGV]

Belle Il data strongly preters the resonance hypothesis, with a posterior mode for the mass

my = 2.17)-7 GeV and a branching fraction of B(B* - K*X) - Py, = 9.2735 - 107°
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Search forB — K*X

Belle performed first direct search for D
B* - hX( — inv),h = z*,K*,D*,p and <o
B" - D°X( - inv)

O Sensitive to ALPS, dark scalars and dark baryons

(B-mesogenesis models)

The most stringent upper upper limit to date @ 90 % CL set
to date, to be done with Belle Il data
Predecessor for RA2-17

Physics case: Extensions of the SM that predict light particles that interact feebly with with the SM
particles are phenomenologically attractive given the current lack of clear NP signatures from heavy, new
particles. In fact such extensions can give insights into open questions in particle physics, i.e., the strong
CP problem, the nature of Dark Matter, or be the lightest particles associated to a whole tower of much
heavier NP particles, e.g., Goldstone bosons of spontaneous broken global symmetries, dark photons, or
light dark Higgs’. Such extensions of the SM, e.g., axion-like particles (ALPs) or light gauge bosons with
non-universal SM charges, typically also allow for —or even predict— new flavour-specific couplings to
quarks and leptons. The flavour phenomenology of such setups strongly varies depending on both the
when searching for concrete realisations. The goal of this project is to identify self-consistent flavour
benchmark scenarios in models with ALPs and light vectors and confront them with state-of-the-art
experimental measurements from precision flavour observables. The benchmarks shall provide examples
for the aforementioned distinct phenomenology and would point towards gaps in current or future-planned
experiments and thus inform future target measurements/interpretations.
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B(B — hX)

106 L

[arxiv:2601.07104]
Submitted to PRL

Bt - ntX Belle preliminary
[ Ldt =711 tb*

—— X — invisible
X—= 7y

— c7x = 2500 mm

— c7x = 1000 mm

— ¢Tx = 500 mm
cTx = 250 mm

cTx = 50 mm

Bt — K*X| ] Bt — pX

Bt = D¥X| B® —s DVX

40 2 4
my|[GeV /c?]
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Rare charm-decays with missing energy

RA2-15: Predict & measure ¢ — u + missing energy:

O This avenue is largely experimentally unexplored and CmF perfect platform to study
such decays
O Charm tagging & FEI @ Belle Il provides an interesting sample to study such decays e.g

D - muv ...
o Only experimental information so far from D% — invisible (Belle,
- - CS,p) and D° — 7%ui (BESl“, CL,R,S,p):
2= F [1’3’:8] | 1’8:8] B(D® — invisible) < 9.4 x 107> (90% C.L.),
DO - 71_0 0.9 0 B(DO — 7TOI/I7) < 2.1 X 10_4 (90% CL)
D+ -t 3.6 0 - L
DY — 7w9x" 0 0.2 . /
DY —» o (* 0 0.4 t — €
() ¢ S D°:+6 x 128 (— 19011)
D° — X 22 22 a Dy 10° (— 107)
DT — X 5.6 5.6 D, v Af: 10" (= 10%) O(1-10%)
‘7 frag.
O optimised
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How does it work?

What about charm

N
n

__ | The Upsilon System
'g - D 1.Inb o(ete™ = Y(45))
- @ Belle Il charmed hadrons are produced in 7 i ~3nb a(e’e” - qq)
B decaysandin e"e” — c¢ (0 ~ 1.3nb) Susp ! (q =ud,s,c)
2 b i 10.58 GeV
t 10F |
~ while charm from B can also be used for charm studies |, N I Y(45)‘
cchar events are our interest e e~ — cé ORI A :
o] + oy 0“ “““’Q ....M“-}" .‘4\1 — :
: o : : o Yas) y@s) Y3, oo § ]
- fO"OW'"g the B tagg|ng ldea Iet S CO”S'der 8.44 946 10.00 10.02 1034 1037 10.54 1058 10.62

I _ Mass (GeV/c?)
e e —cc— Dsig

need to reconstruct

> if X tag. IS correctly reconstructed In its RestOvaent we WI|| find only decay products of [, ig — f
along with kinematic constraint pp.,, = Pmiss (Pmiss = Pet + De- — PX10,)

- If we do not put any requirement on RestOfEvent and look at

Miss =\ Viniss  (Pmiss = Pet + Pe- — Px,.,) correctly reconstructed events will peak at )/ (Dsig)

- the number of peaking events give the total number of D,s.,;g‘s iIn the sample (inclusive) which
can is then used for absolute branching fraction calculation
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Charm FEI

ccharFEl

- FEl is existing tool that is trained to efficiently reconstruct hadronic B decays.

—in the chain it is already reconstructing various charm states

- idea of ccharFEl is to adjust FEI to reconstruct charm tags (the recoil of which is a single D), A¢, etc)
- target B modes in the last step of FEI are

replaced with a list of target ccbhar tags | Tr“ks ’
(specific for D), A., etc. inclusive samples)

L J TK* ﬁmf@ FT

Displaced 1” Neutral 1
Vertlces Clusters

- all stages of BDTs then retrained on
ccbar events Al

'zl . X (.p"ag) [ccbarf/ag] |
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Charm Datasets

Experiment Machine Operation C.M. Luminosity Norod Efficiency Characters
2010-2011 (2021-) 3.77 GeV 2.9 (8 - 20) fb! D%*: 107(— 108) © extremely clean environment
Besm BEPC-II 2016-2019 4.18-4.23 GeV 7.3 fb! D;: 5 x10° ~10-30% @ quantum coherence
(e7e) 201442020 4.6-4.7 GeV 45 fb ! A7 : 0.8 x 10° © pure D-beam, almost no background
* O * % % 2 no CM boost, no time-dept analyses
SuperKEKB 1 [D: 6 x 10° (— 1011) ! @ clear event environment
E (ete) 2019- MR v % (= 20) a5 D/, : 10° (- 10') @ high trigger efficiency
Al: 107 (— 107) 0(1-10%)| © good-efficiency detection of neutrals
> KEKB 1 D: 107 © time-dependent analysis
(ete) TSNR-cuia 10.53 Gev 1 ab Al: 108 2 smaller cross-section than LHCb
— \ * %k *xx )
LHC 2011,2012 748 TeV 1+2 fb ! 5 x 1012 @ very large production cross-section
(pp) 2015-2018 13 TeV 6 fb ! 1013 ©(0.1%) @ large boost
(2022-2025,2029-) (— 23 — 50) © excellent time resolution
L 0. 0. 8 * - dedicated trigger required

— each of experiments has their advantages for different charm studies
- at present BESIII may be hard to compete in many missing energy measurements

— nonetheless, even at present (and especially in near future) Belle Il has a great potential to produce
competitive and leading results (especially with clever ideas and novel reconstruction techniques)
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