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Rare B-decays

Rare B decays: S a0 Sb ’ Y
y (FCNC) QW* Sl | RS

O GIM suppressed tlavour changing neutral currents

— b — s/d(y) b <

O forbidden at tree level, allowed at loop level
O

u,c,t

O m?/M;, suppressed
O Helicity suppressed

Very sensitive to NP since SM contribution small!
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B —» KYvi Measurement Overview

Rare B decay with significant missing energy

Post-summer 2023

Pre-summer 202
e-summer 2023 PRD 109, 112006

Limits: 90% C.L. : : _
. — first evidence of the Bt - K*ui
1077 Belle 11 (63 fb~!, INC), PRL127, 181802
© Babar (429 fb~!, HAD+SL), PRD87, 112005 SM Average
0.497 +0.037 J 04
-1 -
Belle (711 fb™*, SL), PRD96, 091101 I Belle TI (362 fb'l, Combined)
35 0) 2.3+ 0.7 This analysis
107 4¢ : 11 Belle II (362 fb!, hadronic)
m i o . O 1.1+ 1.1 This analysis
o : Belle II (362 fb!, inclusive)
2.7+ 0.7 This analysis
: o Belle II (63 fb!, inclusive)
10-5} ° 1.941.5 PRL127, 181802
f Belle (711 fb™!, semileptonic)
1.0£0.6 PRDY96, 091101
Belle (711 fb!, hadronic)
2941.6 PRDS87, 111103
106~ . . .. - BaBar (418 fbl, semileptonic)
§ § /QQ § 0.2+0.8 PRDS82, 112002
Q @o, e > BaBar (429 fb!, hadronic)
2 2 % 7% | 1.5+1.3 IPRD87, 112005 |
$ Q ? Q | | | | | | | | | | | | | | |
Q Q & Q 0 2 1 6 8 10
Channel 10° x Br(BT™—K T vp)
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Ongoing & Future Activities

O Measurement of all the B - K 1o modes:
O BT 5 K*Twp: K+t - K"']z'o, K+t > KS]{"’ https://arxiv.org/pdf/hep-ex/0507012.pdf
0 BY 5 K% : KV - K%, K™ - K*z™
o B - KSI/D

O Public likelihood & reinterpretation under WET ([arxiv:2402.08417/],

[arxiv:2507.12393]), 2-body hypothesis (light NP)

O Possible new avenues within CmF:
O B — K%nn

O 3-body hadronic decays, nn threshold enhancement never
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observed before
O important background for the above measurement

O C P Vi O | atl n g eﬁe CtS, ISOSpI n re | atl Oﬂ S - TABLE II: Branching fractions (in units of 107%) in the full M,; range and below the charm
threshold (M,; < 2.85GeV/c?) for the ppK ™, pprt, ppK2 and ppK** modes. Statistical and
O CO | | a b With R A1 systematic errors are quoted.
(*) mode full M,,; range M,; < 2.85GeV/c?
O B —_ K / D /p . —|— X Bt - ppK* 5667057 +£0.62 4.897032 +0.54

BT - pprt 3.067073 +£0.37 1.761032 +0.21
BY — ppKO 1.887071+0.23 1.561052 4+ 0.19

O 2-body dedicated optimised search D N S

O Collab with RA4
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A-propos Reinterpretation

Appendix C: Belle II HEPData reinterpretation
inventory

To enable reinterpretation under any NP model with
the model-agnostic likelihood [1], the necessary informa-

tion from Belle II will be published on HEPData [33].
The release will include the following components:

e The SM B" — K*vi differential branching frac-
tion as a function of ¢?;

e Binned joint number densities:

— ITA: x-axis: ¢?, y-axis: ¢2,. x n(BDT,) (flat-
tened), z-axis: events (weighted);

— HTA: x-axis: g%, y-axis: n(BDTh) (flattened),
z-axis: events (weighted);

e pyhf combined likelihood in json format:

— Containing templates for signal and back-
ground after all selections, binned in ¢2_ x

n(BDT2) (ITA) and »n(BDTh) (HTA);

e The code to reproduce the WET reinterpretation
results obtained in this analysis.
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Rare charm-decays with missing energy

Measure ¢ — u + missing energy (null tests of SM):

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

— U ...
D v o Only experimental information so far from D% — invisible (Belle,
Cs.p) and D% — 70ui (BESIII, CLrs.pP):
D —s F‘ | A A B(D° — invisible) < 9.4 x 107> (90% C.L.),
+ —
(1078 [1078] el B(D® — 7%) < 2.1 x 107* (90% C.L.).
D" = 70 09 0 ta y e
D™ > #a™ 3.6 0 »
- . e+ e ¢ < e
DY — w¥x" 0 0.2 it
DY = amrm (*) 0 0.4 S/ : DP: 6 x 108 (— 10%)
) D, y D/, 10° (— 10%)
D° — X 2.2 2.2 "” 107 9
D+ _)X 56 56 ‘% Xfrag. Az- 1_0 (_,) 10 ) 0(1-10%)
O optimised

Slavomira Stefkova, slavomira.stetkova@uni-bonn.de 6 RA2 Kick-off, 23.10.2025 u

UNIVERSITAT



mailto:slavomira.stefkova@kit.edu

Slavomira Stefkova, slavomira.stetkova@uni-bonn.de 7 RA2 Kick-off, 23.10.2025 u

UNIVERSITAT



mailto:slavomira.stefkova@kit.edu

How does it work?

What about charm

N
n

__ | The Upsilon System
g - t A 1.Inbo(ete™ - Y(45))
- @ Belle Il charmed hadrons are produced in 7 i ~3nb a(e’e” - qq)
B decaysandin e"e” — c¢ (o ~ 1.3nb) EREIONS (@=uds,c)
2 | } 10.58 GeV
t 10F ! '
~ while charm from B can also be used for charm studies |, N I Y(“)‘
cchar events are our interest e e~ — cé RIS A :
© + LS ow “uh.. ‘-'-'“-\v"". el o> )
: 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

o Y Mass (GeV/c?)
eTe” = 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_,, = Dmiss (Pmiss = Det + De- — DXy,

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

Miiss = \/Piyiss  (Pmiss = Pet + Pe- — Px,.,) correctly reconstructed events will peak at )/ (Dm;g)

- the number of peaking events give the total number of D,S.,;g‘s In 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), ¢, etc)

- target B modes in the last step of FEI are o } " Displaced 1 - Neutral ]

/ \
N —
J —— T —

replaced with a list of target ccbar tags

Vertiges
(specific for D, A, etc. inclusive samples) e p—

Clusters

- all stages of BDTs then retrained on k >
ccbar events / A’
e’ m——) Q/—! ¢
»!
I
s
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Charm Datasets

Experiment Machine Operation C.M. Luminosity Noprod 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
* % %k 2 no CM boost, no time-dept analyses
SuperKEKB | 1 [D° 6 x10% (— 1011) | @ clear event environment
E (e"e ) 2019- MR v U4 (= B0} = D : 10° (— 10%9) © high trigger efficiency
Al: 107 (= 107) 0(1-10%)| © good-efficiency detection of neutrals
KEKB 1 D: 107 © time-dependent analysis
E (ete) ARR-ain 10.53 Gev 1 ab Al 108 2 smaller cross-section than LHCb
\ * %k *xx
LHC 2011,2012 7+8 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
* % kX * 2 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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