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Rare B decays

AlIn SM the coupling of gauge bosons to leptons is independent of lepton fdepton
Flavor Universality (LFU)

ALFUis a good probe for New Physics (l§Bpme models predict larger couplings for
heavier leptons

ALFUcan be also accompanied hgpton Flavor Violation (LRV)any signal observation
could be an indication dfiPcontribution

This talk: recent Belle efforts to search for LF® i transition and LFV
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A Multivariate analysis is used to suppress continuum

background and select signal. Signal yields = mf—

obtained from fit of0  in differentry bins
A Results consistent with SM

A The dominant systematic uncertainty coming from
lepton identification-v p 1P

A The same analysi¥ 0 also searched for LF/©
L ° .Qpper limits at 90% CL obtained:
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161801
https://link.springer.com/article/10.1007/JHEP03(2021)105
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AHadronic tagging with Full Event Interpretation s F.?’.‘f‘f."]._;

AFEK reconstructs hierarchically exclusivenigson Bowe — Somoomeeo

channelsf p 1t decays available) i *i’] f

ASignal B: 3 charged tracks originating from IP, not e 4

associated to B tag T A NI

~ -« BDT(BB)

AConsidert decayst© Q' [{t© ‘' firo *- I
A2 BDTs trained for background suppressj@d and for gk mo

Nr. Systematic uncertainties are evaluated using the ~ ..

-------- B =K tu” (MC)
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control samples6 © 'O° (© 'O “ )“ (similar 1 e BTk (data)
topology,Otreated ast ;6 © uff o0 (fornn ) |
suppression evaluatiogod  topology is not used) TR 0 e 0T g

BDT output distribution for signal MC, data,
and control samples

Full data sample: arXiv:2212.0
X P 4128
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https://arxiv.org/abs/2212.04128
https://arxiv.org/abs/2212.04128

ALeading systematic uncertainties
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BDT selection 0 - pri@b , andnn ¢ pr@P
tag calibrationg L&

AThe most stringent limits upp-date:

):

=
]
T

Events/(47 MeV/c?)
=

B =K T
—s— Data
------ Signal (90% U.L)
Background
co

g “2?4‘2'
M. (GeVic)

B =K Tp*

—e— Data
...... Signal (90% U.L.)
=== = Background

= All components

Events/(47 MeV/c?)

Channel Babar

g oy t ¢ 2.8 8
g o) tQ 15 8
@6 ouv t* ) 45 8
Y@ ou tQ) 43 8

Nadiia Maslova, HEPHY

N Creelo g | |

m. =

Rare B Decays from Belle. ALPS 2023

23737,
M, gcon (GV/CT)

....... Signal (90% U.L.)

Al components

doe L 1
22 24

Moo (GeV/c?)

Recoil masg used for fitting, should peak at massoepton

2 2 ¢ - - 4 .= . 2
Mp+Mye—2( Efoar Eice/ € + DB, Pice cos 8 /c7)



ZE®DH O at

A‘Q ‘Q O |.(U )YO 6(2) 6(2) ,62 o @ o Signal side I
100% mixing P O N o hoy
ASemileptonic tag® © O & ()’ [ select | V/ W \Fl
lepton from tag side with an opposite o
charge of primary lepton of sigraide — @ —
AFastBDTlassifier to suppress continuum | v
background (kinematics variables + fox he [,O “Zhzhzh
Wolfram moments), optimized witRunzi -— Lk Rz
FOM. Best candidate selectiqrbased on / \rrv
FastBD butput . L
/\ - Tag side
EV

Full data sample:

oc B arXiv2301.10989 Schematic view of the process, signal and tag side:

Nadiia Maslova, HEPHY Rare B Decays from Belle. ALPS 2023 7


https://arxiv.org/abs/2301.10989

A Leading systematic uncertainties: 8 [ g
. . c 1y B, —er Imed S ¢t DB -ut ST
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A Has never been observed yet, the SM prediction
is' (6 C0 ') udlT T Y p T
[substractingong-distance contribution]

A FCNC, clean theoretical predictiQexact
factorization

A Sensmve to contributions of ne8BM particles
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Contributing Feynman diagrams: penguin and box
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Belle 11 63 fb=1(1.9+1.6)
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A Challenging taletect: small branching
fraction and large missing energy

O inclusive tagging method, used first in

Belle lI¢ intriguing result with relatively

small dataset
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Multivariate classification is used to suppress Not unblinded, B
background and select signal: preliminary MC #
. . It -
A BDT1: to reduce largetyd and nr) background oo # \
Rest of Event e+
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A BDT2 or NN: to select signal. NN trained with Iﬁ./ \\‘
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ANew Physics could manifest itself in LFU and LFV

A'Y 0 ®) ¢ consistent with the SM
A6 O & tthe first upper limit estimation for the electron channel

A6 O 0 T d -the most stringent upper limits tdate
A6 © 0 '’ [Finclusive tag analysis ongoing

Thank you for attention!
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TABLE IL. Results for R+, Rgw, and Rg-+. The first uncertainty 1s statistical and the second 1s systematic.

> (GeV?/c*)

All modes

B" modes

B* modes

[0.045, 1.1]
[1.1, 6]
[0.1, 8]
[15, 19]
[0.045, 19]

0.524938 +0.05
0.96')35 +£0.11
0.90753] +0.10
1187037 £ 0.10
0.94M7 +0.08

0.46*033 +0.13
1067043 +0.13
0.867033 +0.09
11270481 +0.10
1127903 £0.09

06209 4 0.07
0.72507 +0.14
096076 +0.13
+1.99
14072 +0.11
0.70" 025 4 0.06

TABLE IIL.  Results for the branching fractions in [1077] in the corresponding ¢” range in GeV?/c*. The first
uncertainty is statistical and the second 1s systematic.

Mode g° € [1.1,6] q* €0.1.8] g’ € 15,19 g* > 0.045

B(B" — K*Yete™) 18406 402 3.7°09 £ 0.4 20108 £ 02 9210408
B(B® = K*%utyu) 19506 +03 32108104 22102 +02 10343 £ 1.1
B(B* — K**ete™) 17510 +02 46112407 21412 402 14.1753 + 1.8
B(B* — K**u*yu") 12102 £ 02 44718405 29719403 9.9474 £ 1.1
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TABLE II: Contributions to the systematic uncertainties of the measurements.

Source Kttty Ktrte Ktr—pt Ktret

Additive (events)

PDF shape (mean) 0.09 0.01 0.08 0.08
PDF shape (width) 0.02 0.08 0.04 0.07
PDF shape (fuig) 028 016 011  0.16
Linearity 0.03 0.04 0.02 0.04
Total 0.30 0.18 0.14 0.20

Multiplicative (%)

By calibration 5.9 5.9 5.9 5.9
Track reconstruction 1.1 1.1 1.1 1.1
Kaon id. 1.3 1.4 1.3 1.3
Lepton id. 0.3 0.4 0.3 0.4
7 daughter id. 0.7 0.7 0.6 0.6
MC statistics 1.0 1.5 1.2 1.0
Number of BB pairs 1.4 14 14 1.4
BDT BB selection 10.6 10.0 12.7 12.6
BDT 47 selection 5.5 8.6 9.2 6.6
i 1.2 1.2 1.2 1.2
Total 15.3 14.8 17.0 15.7
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Figure 3: The p] distribution of signal MC, generic MC and data in B, — e~ 7+
(a) and B, — p~ 7% (b) modes. The different background components in generic
MC are indicated by different colours as shown in the legend. The MC samples are

normalized with respect to the data luminosity. The signal components correspond
to B=1x 1073,
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Decay

Fraction, %
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Bt 5 D et Ve
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7.880327
6.58383
6.08433
5.811197
1.048505

0.968968
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0.640273
0.628755
0.603814

0.530002:

0.518129
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0.458707
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