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Physics

* Flavor changing neutral current processes are forbidden
in SM at tree level. Non-SM particles could enhance
decay amplitude as “loop” allows high-mass exchange:

e new tree level interactions

* reduce GIM cancellation 1n loop corrections

* Recent experimental anomalies in b — ctv and b — svv
decays hint at non-SM particles coupling with third
generation, 7

» Today’s topics: B” — KJt°¢%, B — K '™/~
B’ — K*O T~

* Experimentally challenging due multiple undetected
neutrinos 1n the final states
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D factory advantage

» ete™ collision near BB production threshold makes
Belle (II) 1deally suited: low background, precisely :
known collision energy X

..........................................

 Hermetic detector: full event reconstruction K

» Hadronic tagging: full reconstruction of pair-

produced B meson (B,,) in hadronic final states ~~~ © "

allows to infer signal B kinematics; high purity R o gE] g T g g
. : L§t=365fb‘1 -Zg -LS; - [ La=365707" Izg lii
O(10%) but low efficiency O(1%) 00 7 sana s N LA

400 B°— K7 S BY = K*0rt7

 Advantageous for searches involving final states 3
with multiple neutrinos i

* suppress signiticant background -

. . . . ) ) Missing energy [GeV] Residual calorimeter energy [GeV]
» provide powerful discriminators: missing energy,

residual calorimeter energy left after BB
reconstruction, etc.
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Search for B — Kgrif + K 0t~

» Forbidden decay. Non-SM particles, explaining recent e ’ 0
anomalies, predict LFV with B(b — s1£) at O(107°). % 5. g o2 b]) | |
=3 o 9 b~ |
z 2.5 - [ ]
» Near current experimental limits at ©(107°) 520
© 1.5 £ Lo
* Non-SM particle may couple differently between bz and =1/ -
b, or between st and s7, leading to asymmetric decay A

rate between b — st " and b - st B A

o s ? 9 ? s
-+ 1 K + T N
 Never searched for B — Kgf—f *and BY - K 0r%e™ S | Belle Tl Gsimulation) =
L B0 - K0T I 3B
. . . t 0 47
» Signal extraction observable: recoil 7 mass after 150 | [ sign
hadronic tagging, ER
= 100 |
=
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M; = (Pete- — Pk — P¢ — P3,,) |
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S M, [GeV/c2]
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b — st strategy

B? — KJt*¢™:
e Search in 1-prong 7 decays: 7 — 7D, n7v, pTU; covers
~70% of T decay-width; first time use of 7 — puv

« Restrict m(thT) to suppress dominant semileptonic
B — D"#X backgrounds; background rejection: 80-97%

* Suppress remaining background by 90% with classifier using
m(K gf ), residual calorimeter energy, lepton kinematics, etc.
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Belle + Belle |l
(711 + 365) fb !

b — st strategy

BO —> KSQTif$I 900 s
- Belle 11 (simulation) qq
- .+ +. = _+ + . S00F po, g0+ | -
» Search in 1-prong 7 decays: t7 — v, 2y, pTU; covers ool LT | o
~T70% of T decay-width; first time use of 7 — pv 600 7 Signl
D 500 F
» Restrict m(K1t,) to suppress dominant semileptonic £ 400}
%k . . 2
B —» DY¢X backgrounds; background rejection: 80-97% zzz
« Suppress remaining background by 90% with classifier using ™|+ . v
m(Kgf ), residual calorimeter energy, lepton kinematics, etc. o e T
—_ 0.12
BO N K*()Ti £ " Belle II (simulation) —
0.10 — BY - K7™ —] g?gnal

* Inclusive 1-prong 7 reconstruction: one track from 7 without
any particle identification; covers ~ 80 % of 7 decay-width

Arbitrarv units
=

e Suppress background by 90 ~ 98 % with classifier
using m(K %), m(K *Ot,[), residual tracks and clusters

properties, K ° vertex information, event topology, etc.

] Classifier score



b — st validation

+ Correct simulated By, efficiency using B® - D~z* and

N - Belle+Belle ll preliminary ' —=—Data '
S : g} — Global fit -
B — X Zv control data. 2 100 Jror=Tinseste 5, DD -
" Npp, =377 =38 T e s ]
) . . . (= O 0_+ o -.= Background
» Correct signal shape and classifier selection efficiency by g | B =kt
. . . _ @
fitting recoil D mass in B’ — D D where D — ¢r™, K§K+ S 50 ﬁ Wy
— N & — > i ) ‘ /
(for B — Kgfif““), K °K* (for B® - K '7%¢%) o N Ao ++ :
2 2 2 I
MD = Mrecoil — (pe+e— o pDS o thag) 1.7 1.8 1.9 2 2.1
IVlrecoil (GeV/ 02)
* Dominant systematic uncertainties in terms of BF: 150 F————— P ——
125 F --- B—>D*—ls)3+ B —» KVr%/7

Background

. B> Kgfif +: classifier efficiency correction (17 ~ 19 %) and
signal shape (16%)

« B —» K'0t%¢7: classifier efficiency correction (18 ~ 34%)
and background shape assumption (0.1 ~ 0.3) X 107>

absolute)

Total fit
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B’ - K gf—f *: result 711+ 369 o

: : . . : B°— Kitte B°— Kite*
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https://arxiv.org/abs/2412.16470

BY = K'07%£7F: result

Signal extraction: simultaneous fit recoil 7

mass (M) in Belle and Belle II data sets

Efficiency (107%) B(107°) BYL(1079)

Belle Belle I1 at 90% CL
BY - K*0rte= 4.6 7.5 —0.24+1.44 <27
BY - K717t 3.8 5.6 1.11 4+ 2.65 < 5.6
BY — K*0rt = 5.2 6.0 098 +1.74 <39
BY - K9t 24 5.1 0.474+259 < 5.1

Not competitive with new
LHCD results
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Belle + Belle |l
(711 + 365) fb~
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https://indico.in2p3.fr/event/35965/contributions/152388/attachments/91512/139486/4_AScarabotto-v2.pdf

b — st71r~
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Search for B 0 K *OTJFT_ Belle Il (365 fb ™)

¢+ By = (0.98 £0.10) x 1077 R

| J- L dt=365fp~! .cg Blss
500 [ Il od iy
: []1B°—> K**1t BR=0.1

£¢ signal

* Non-SM particles, explaining recent anomalies, would
enhance BF up to ©(10°) due to presence of two s

o World-best result from Belle: UL at 3.1 X 10~ (90% CL)
Searched in 1-prong 7 decays: t+ — £ vp, it

—2 —1 0 1 2 3 4 S
Missing energy [GeV]

o Include z+ — p( — 777" decays for the first time oo P e mas
. L dt = 365 fb~! Bl cc Mss
. . . . . [/ sianal B ad B uT
* Main challenge: no signal peaking kinematic observable S S (187~ ke BR-0-
. . o w
due to multiple undetected neutrinos = B K

» Relies on missing energy information and residual
calorimeter energy

0 0.5 1 1.5 2 2.5 3 3.5
12 Residual calorimeter energy [GeV]


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
https://arxiv.org/pdf/2210.13422
https://doi.org/10.1103/PhysRevD.108.L011102?_gl=1*zo5van*_ga*MTEwNjgxMTgzNy4xNjU0Njc3MDE2*_ga_ZS5V2B2DR1*MTc0MzQ1NzAxMy41OC4wLjE3NDM0NTcwMTMuMC4wLjEzNTg5NTYwMjg.

B’ - KVt~ strategy

Analyze separately four final-state categories from
tTt pair: ¢, Cn, nw, pX (X = €, 7, p)

Train classifier using missing energy, residual
calorimeter energy, m(K “t), event topology, etc.

Choose signal region for fit at classifier score>0.4:
Background rejection: 89~94%

Remaining dominant background from semileptonic
B — DY¢X decays
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Belle Il (Simulation)
I L dt =365 fb~!
£¢ signal

=0

BB BB
.cg - ES
Il dd B uu

B’— K*%1t BR=0.1
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Classifier score




BO — K *OTJ“T_: validation

1200

with modified kinematics to match signal.

B /E dt =365 fb!

| BelleII preliminary ¢

o Correct signal efficiency (X0.81) using B — K *J/y( — utu™) 1400)

Data
BB
qq

%: 1000i m/ category —— Signal B=10" _
Signal efﬁciency: (4 ~ 16) X 10_5 i 300 [, 4wt Before correction
. —— 2 600 F
* Correct background yield from same-flavor (BB, BB) control 2 ool
samples (X0.6~0.9) and off-resonance data (X0.7~0.8) 200
0-.
o Correct shape of residual calorimeter energy (E,,,..), one of the %lf,é +*++*m
most powerful discriminator, from same-flavor control sample Rl T VR T TR TRt
Eexira [GEV]
* Dominant systematic uncertainties in terms of BF ( X 10_3): 1400 | / preliminery _+ Data
| [£dt =365 fb! _
0 ' — qqi nal B=10"
» poor knowledge of semileptonic B — D** decays: 0.29 % j000f R
o . . S sool N After correction -
 limited simulated sample size: 0.27 ERN |
& 4005— <
200;
L, O —
% 112(5) ;'_;__.__6_,_.__.__,_.__‘._,_‘__._‘_9_+¢_?_¢_?__‘_4_‘__§__+_+_‘_§_+__+__+_++:§
5 0.75¢
14 = %% 05 10 15 20 25 30 35

Eextra [GeV]



K —
BY - KVt

» Signal extraction: simultaneous fit classifier
score above 0.4 of each category

BB > Kt t)=[-0.15£0.86 £ 0.52] x 1073
BB > KV9Tr7) < 1.8 x 1072 at 90% CL

Twice better than current world best
inspite of half sample size

Most stringent limit on b — stz transition

result

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

BelleII preliminary ¢ Data
175 ¢ B K*r+ 1
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<:1>J 75 ' AN
- :

g § _
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Classifier score
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-
>
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Belle 1l (365 b~ )

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

| BelleII preliminary ¢ Data
250 |- B K*r* 1
| /L‘,dt.:365 fb-! 5
200 | m¢ category qq
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@ 150 F -
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S :
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250 BB
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Summary

* Flavor changing neutral current transitions are prime processes to probe non-SM particles
» Belle (II) offers unique abilities that are advantageous for these searches.

* New exciting Belle (II) results shown today, many of which world-best

. BV > Kgfif +. world best limits and new searches. [Submitted to PRL; arxiv 2412.16470]

« BY = K'%7%£F: not competitive with new LHCb results

e BY = K07+~ world best limits.

Reaching sensitivities of few 107 for b — sz and few 107 for b — sz7

16


https://arxiv.org/abs/2412.16470

Additional materials
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Belle + Belle |l
(711 + 365 fb )

K{7*¢*: systematics

Belle Belle 11 Combined Systematic U.
Lepton 0.3% for p 0.5% for p 0.24% for p
identification 0.4% for e 1.0% for e 0.43% for e
Pion identification 1.0% 1.0% 0.74%
Tag side efficiency 4.9% 5.2% 3.7%
NAECE veto 1.1% 2.8% 1.2%
7Y reconstruction 0.5% 3.8% 1.3%
BDT 0S,:17.1%, SS,,:17.5%
selection ) ) 05.:16.6%, SS/.19.2%
Signal PDF shape - - 15.7%
L 0S5,:1.6%, 55,:1.4%
Linearity ) ) 05.:0.8%, 5S5.:1.4%
Number of BB pairs 1.4% 1.6% 1.1%
Other sources fT=/f°° (2.3 %)+ MC statistics (0.0004%)
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B’ —» K'Vt%¢/+: systematics

Belle + Belle |l
(711 + 365 fb )

Source Belle Belle 11
OSe SSe OSu SSp OSe SSe OSu SSp
FEI efficiency [%] 49 49 49 49 62 6.1 6.1 6.2
Lepton ID efficiency [%] 20 24 22 22 07 1.1 07 06
Hadron ID efficiency [%)] 1.9 20 19 20 37 37 36 3.7
BDT efficiency [7] 27 21 18 23 29 31 34 31
Tracking efficiency [%) 1.4 1.1
- Total efficiency [%] | 27.6 21.8 189 23.7 29.8 31.8 34.7 31.7
Signal PDF p (x107°) 0.04 0.00 0.01 0.01 0.04 0.00 0.01 0.01
Signal PDF X\ (x107°) 0.11 0.01 0.04 0.01 0.11 0.01 0.04 0.01
Background PDF (x107°) | 0.11 0.28 0.09 0.02 0.11 0.28 0.09 0.02
Ny sy [70] 1.4 1.6
£00 (o] 0.8
B(K* — KTn™) [%] 0.021
Total impact on UL (x107°) | 0.1 03 01 01 01 03 01 0.1
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K - -
B —» K'V7777: systematics Belieizes )

Source Impact on B x 1073
B — D**{¢/Tv branching fractions 0.29
Simulated sample size 0.27
qq normalization 0.18
ROE cluster multiplicity 0.17
m and K 1D 0.14
B decay branching fraction 0.11
Combinatorial BB normalization 0.09
Signal and peaking B B° normalization 0.07
Lepton ID 0.04
m° efficiency 0.03
f()() 0.01
N (45) 0.01
D — K1 decays 0.01
Signal form factors 0.01
Luminosity < 0.01
Total systematics 0.52
Statistics 0.86
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