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B factories in Japan — aparatus and physics analysis
strategy

 Last Belle (Il) results and potentials for beyond SM physics
- Radiative pinguins
B - Xy
B - KK vy

- Electroweek penguins
B - KO
B - Kw

Biol. Lett.9:20121192




e* e colliders in Japan: KEKB -

SuperKEKB

Asymmetric e" e~ collider with center-of-mass (CM) energy at BB threshold, 10.58 GeV.

KEKB

Positrons

e 8.0 GeV
Positron e'3.5 GeV

e 1.7 GeV

1999 - 2010

ete” — T(4S) — BB

—)

SuperKEKB

New interaction region

6,~100um.g,~2um

nano-beams

6,~10um,a,~60nm

e+

Add / modify RF systems
for higher beam current

Positron source:
new target/capture
section

Inject low emittance
positrons / electrons

Wigse

Damping ring

K

k| New
TiN-coated beam pipe

with antechambers

Max. instantaneous luminosity:

21x10** ecm™

2

s_

1

@ Aims to collect 50 ab—! (50 x Belle) of data
sample.

@ Plan to deliver collision at a peak luminosity of
6.5 x 103 cm~2s~! (30 times that of KEKB)
Current record instantaneous luminosity: 3

4.7%x10* cm 257!



Belle and Belle Il detectors

Aerogel Cherenkov cnt.
SC solenoid N n=1.015~1.030

1.5T

CsI(T) ——
16X,

TOF counter

Central Drift Chamber
_ il cell +He/C,H;

n/ K; detection

3(4) lyr. DSSD 14/15 lyr. RPC+Fe

Largest integrated luminosity
collected by a B factory:

@ 711 fb™ ! on Y(4S) mass
@ ~100 fb™" below 1 (4S) mass

Belle Il

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

a— .* (end-caps , inner 2 barrel layers)
EM Calorimeter 7

CslI(TI), wavetorm sampling electronics

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV) =y

Vertex Detector
2 layers Si Pixels (DEPFET) + :
4 layers Si double sided strip DSSD

I

positrons (4 GeV)
Central Drift Chamber
Smaller cell size, long lever arm

improved vertex resolution
(2x Belle) and KsU reconstruction
efficiency

enhanced K/ separation Goal: total integrated luminosity 50 ab™'

@ Currently in a 1 year operational pause
@ 363 fb ! on T(4S) mass
@ 42 fb~! below Y(4S) mass

new trigger lines for dark sector
searches

more efficient reconstruction and

analysis tools

Can be also used to analyse Belle data (B2BlI)



Measurement strategies at B factories

Two B mesons are produced via Y(4S) resonance without additional particles:

e'e 9Y(45) >BB - large B samples available

Many interesting analysis of B mesons include

’ |nclus_|ve measurements : ‘:» missing kinematic information!
 neutrinos are present in the final state

— Tagging approach Y(4S) u, Ve
Reconstruction of one B meson (B, ) constrains SN - ‘“~~\_;>

the 4-momentum and flavour of the other (B,,) ATy .
hadronic tagging: B_ is fully reconstructed in numerous hadronic decays Higher signal purity
semileptonic tagging: B is partially reconstructed in semileptonic decays but less efficiency

Inclusive tagging: B is identified inclusively from remaining signatures after signal reconstruction



Other B factory advanteges

» Clear experimental environment — low background and thus easier
reconstruction of decays with y, % p, n, n".

 low track multiplicities and detector occupancy give:
- high B, D, 1 and quarkonia reconstruction efficiency
- low trigger bias

B> corrections and systematic uncertainties are substantially

reduced in many types of measurements, e.g. Dalitz plot 3
analyses, dark sector searches... Y
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« known energy of the beams allows to use specific of o
kinematic variables for B meson selection: /
beam-constrained mass energy difference | B

0.3 . L
M — \/ ﬁ 2 _ *32 AE = E* _ ﬁ 5.-2 '5.|22' ' '5.|24' ' I5.I26I IIIS.IZBI = '5.3
bc ( 2 ) (pB) B 2 My [GeV/c?]

k
\/E - beams’ energy in CM frame Pg /E; - reconstructed momentum/energy of the B 6



B - X,y with hadronic tagging

FCNC b - sy transition - Sensitivity for New Physics

— The new charged Higgs boson (THDM model)
would enter in the leading-order FCNC loop

 Insight into b-quark mass & its motion inside B meson
by E, measurement

First radiative decay studied by Belle Il
Tagging B meson reconstructed in hadronic modes (high purity)

From signal B meson only photon is reconstructed
— photon energy in B rest frame (E ° ) is measured

- signal photon: highest-E photon with E * > 1.4 GeV
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Belle I
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arxiv:2210.10220v1

Signal side

» challenging background suppression to keep
“inclusiveness”

N
o
o

=
o
o

300

Belle Il preliminary
[e=189.3f1

1.6 GeV =EJ < 1.8 GeV

- Tag-side background suppression —~ M, _fits in bins of E °

Pull Events/(0.9 MeV/c?)

NSO NO
T T T

to extract correctly tagged event counts -

5.2

- L L L I L L L L
45 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
tag-side My [GeV/c?]

Tag side
(Hadronic)


https://arxiv.org/abs/2210.10220v1

B - X,y with hadronic tagging

Belle I
— 2000 Belle Il preliminary [£=189.3 fb~? 150 X10~* Belle Il preliminary [£=189.3 b
‘.>(J BB backgrounds | : - 1 Measured result
o 730f E Total simulation uncertainty i = 1.25 3 c-2 Hybr!d B — Xy model ‘
_'E 1500 !} Yields from data fit i > 1.00] Hybrid model uncertainty
[ H Q f
W 1250} | € o7s}
5 || o~ | ~1--F- '
Q 1000 ¢ ‘ W o050 — .
g —~ S 5 ol :
T 750 ignal region
2 a 025 i
;"' 500 ¢ : %lg 0,00 Frrrrremmndorimmin L
L i = i T
o 290F o ! -025}
E ey, * . i L - L 1 L L
92 1.6 1.8 2.0 2.2 2.4 2.6 2.8 1.8 2.0 28-2 2.4 2.6
EB reconstructed [GeV] Ey [GeV]
B . . -4 .
E. threshold, GeV Branching fraction (10 ) Largest systematic effects due to:
~_____p» -simulation mismodelings
1.8 3.54 £0.78 (stat.) + 0.83 (syst.) - bkg normalization data-simulation discrepancy
2.0 3.06 + 0.56 (stat.) + 0.47 (syst.)

¢ Consistent with world average: (3.49 +0.19) x 10* @ 1.8 GeV [PDG]

*# Comparable precision to BaBar hadronic-tag measurement with 210 fb!



0 0,.0 D arXiv:2203.05320 v
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- Radiative b - dy transition, with additional ss pair creation B’ {
— senstitive to New Physics (e.g. 2HDM) J > Z}Kg
— challenging mode, not measured before!
« KK, system must have an even spin (Bose Einstein statistic), J#0, J=2 allowed
— can occur via intermediate tensor states

« K, selection and suppression of dominant e* e - qqg background
— utilization of neural network

6| —e— Data
[ Belle msm Continuum MC
! -1 I B-generic MC
- ICI ' [ [ 2 5F(L +711 fb B-rare-charged MC
Signal efficiency estimated in 10 bins of M, € (1.0, 3.0) GeV/c - J B-rare-charged M

B B->DOKO0 MC

by performing M, _fits to signal MC sample

Events / (0.20 GeV/c?)
B

— average efficiency of all bins: (2.5 = 0.4)%

number of events observed in the full data / 1t ? ' ?
sample and the estimated background events in 0
eaCh MKK bln MKK (GeV!'Cz) 9




0 0,.0 D arXiv:2203.05320
5" — KsKsv <O e

BELLE at 90% CL (1077)
1.0-12 0.7
1.2-14 2.8
1.4-16 1.7
Calculated partial branching fractions in M, bins 820 29
20-22 2.5
22-24 2.4
24 -26 1.3
2.6 —-238 2.3
2.8 -3.0 1.2

Extended unbinned ML fit to M,__distribution in AE signal region

— no statisticly significant signal found! — 1o} e
:_;'3 [ Background
Nsig = 3.8 + 3.0 \ s °r | L
©Q [
Nbgk = 5.6 + 0.8 s °
@ af
Upper limits at the 90% C.L. are set: E ot |
B(B—)KgKg’}/)<58X1O_T 0j....|....|....|....|....|....| ...... Lo
—_— 2 3
Branching fraction product U.L.(1077) g O _—-—-————-—-————
B — £,(1270)(— K2K%)y 3.1 PrOSpeCt for Belle || _25.2 521 522 523 524 525 526 527 528 5.29

B° - £,(1525)(— K9KQ)y 2.1 M, (GeV/c?)




arxXiv:2206.05946 B* K*
B U 1) 5
Belle I )
W I
Rare b — s loop-level transition — probe to test Lepton Flavour Universality (LFU) ViZ°
— hot topic in fundamental physics due to several puzzles
: : : : I
LFU ratio of respective branching fractions: ¢
B(B — K& ) 2.1-2.50 tension with SM on g .., meausured by LHCb JHEP 08, 055 (2017)
Ry = B(B — K()ee) Recent, more precise measurement (LHCb):
Rg = 0.846 70,1 (3.10 of deviation from SM)  arXiv:2103.11769

According to SM this ratio should be 1 [EPJC 76, 440 (2016)], as the coupling of lepton to gauge
boson is independent of flavor.

Belle Il provides better electron identification — lower systematics!

First steps to determine R, in Belle II:

BT — J/¢y(£)KT and B — J/1(££)K® can be used as as control channels to check the ratio = 1
forwared by measurement of:

B® — K*O(K*m~ )l and BT — K*T(K* 7% K2nT)et

11



Extract signal by fitting M,__and AE

Candidates per 5 MeV

B*(B”) -» JWW K" (KS) results D

<o

Belle I

arXiv:2206.05946
B 0 . > . . _
800 :_ Belle Il (Prel|m|nary) J.Ldt — 189 fb'1 % 800 I Belle Il (F’rellmll“lary) jl—dt — 189 fb1
[ B" > K*'Jw(e'e) 8 cool B* - K* Jy(u* 1)
+ Data 3 ¢ Data
== == Signal g 400 == Signal
Background 'g Background
B* — n* Jy(e'e) 8 200 F B - mtJy(u'w)
i = Fit m— Fit
o 0
0.1 -0.05 0 005 0.1 015 0.2 0.1 -005 0 005 01 015 0.2
A E [GeV] A E [GeV]
Mode Nippoete Moyt Ric(JJi) Belle results:
B— KVYJh 3706462 4578+62  1.009 +0.022 + 0.008 Rk+(J/v) = 0.994 + 0.011 £ 0.010
B - K2Jhp  1052+33  1343+37  1.042 +0.042 + 0.008 Ryo(J /1) = 0.993 4+ 0.015 4+ 0.010

@ Results are statistically dominated and in agreement with results from Belle and LHCb.

e Systematics uncertainties have been reduced compared to most precise measurements from
Belle [JHEP 03, 105 (2021)].
12



B — K*0" 0 results

Background suppression:

@ Dilepton mass vetoes:
=B — Jj (- )K"
=B — (2S)(- K"

=B - K*'}f photon conversion

D

<o

Belle I

arXiv:2206.05946

2D unbinned fit in M and AE

14 | — signai 'fﬁ dt =

= = Background

= Taotal
- Data

Entries / [0.0078 GeV]

Belle Il (Preliminary)

89 fb— 1!

22

18

16 |

14
12

F Belle I1 (Preliminary)
F [ £ dt =189 fb!

= Signal
== Background
| — Total
- - Data

B — K™

a8 10
_ _ .. 6 °
@ ¢"e - qq: boosted decision tree (BDT)* i%
> l )
—%.15 -0.1 -0.05 0 0.05 0.1 D5.2 5.l21 5.l22 5.l23 5.l24 5.25 5.I25 5.:2? 5;28 5.29
AE [GeV] M, [GeV/c?]
Mode Observed events  Branching Fraction (x10™°)  World Average (x107°)
B K'e e 22+6 1.42 +0.48 + 0.09 1.19 + 0.20
B K*utu 18+ 6 1.19 + 0.3179°53 1.06 + 0.09
Belle: JHEP 03, 105 (2021)

— 0.28
R =1.03"535; +0.01

¢* € (1.0,6.0) GeV?/c?

13



*0+— DD
B” - K o

3'Y generation version of B - Kt~ BELLE

Highly suppressed FCNC decay - B ~ (10" ") in SM

BUT: The branching fraction can be enhanced up to 1-5 x 10, if NP effects contribute
PRL 120, 181802 (2018), JHEP 10, 184 (2015), JHEP 09, 40 (2017)

So far — only Upper Limit at 90% CL on the charged channel by BABAR [PRL 118, 031802]:

B(BY - K't"17) <225 x107°

The first search for the neutral channel using hadronic tagging

Events/(0.1 GeV)

K - Ktr~ _ Four track required from
7~ 0w or T —mv.  thesignal B meson

Signal region, EZ"*< 0.2 GeV

ECL
— The total energy of the neutral clusters detected in the ECL not
associated with either tag B meson or signal B meson.

Pull
Abomwasro

Binned maximum likelihood fit to EZ"

Nsig = —4.9+6.0 - no significant signal found
B(B® - K**+777) < 2.0x 1072 at 90% CL

150

100

50

arXiv:2110.03871

a1 | I T T T ‘ T T T T

T

e Data
---- Signal [>(-10)]
B'B

-- Rare B

Jo—T 1
e




PRL 127, 181802

uct

BY - K vi

b - svv are a complementary to b -~ s€€ studies
SM prediction on BF: (4.0 + 0.5) x 10-¢ [JHEP. 2015, 184 (2015)] z v
—» but can be enhanced by NP and Dark Matter contribution!

Technically challenging — 2 neutrinos in the final state

Previous analyses (CLEO, Belle, BABAR): Hadronic/semileptonic tagging approach
- very low efficiency

Current experimental upper limit (PDG):

B(B" - K'vip) < 1.6 x 107°

(Bl I Rclusive fegaing echique or s stidy for et ime!| study on 63 fo-

of the highest Background rejection: training of two sequential
JNESt Pr BDTs that combine event topology, signal kaon and

Rest-of-event: remaining tracks rest-of-event properties, vertexing information, etc.
and energy deposits A

Signal candidate: single kaon track




D PRL 127, 181802

0.93=BDT,- 095|095 ‘BDT»<0.97: 097 -BDT,+ 099 0.92=BDT, ]

BT - K v

Belle I

Belle 1I
[Cdt (63 +9)fh™!

B B K ww

- Validation channel used to - .\ g 300 = Neural b ]
- b Charged ]
test BDT performance: B —= K J (= p p ) £ 0o = Contimaun ]

¢ Data

- Simultaneous binned maximum likelihood fit is 100
performed in bins of kaon-p_ x BDT 2

scaled by 2 |

0
05 2.0 24350520 24350520 24350520 2.4 35
pr(K*)[GeV/c]

- Obtained BF: [1.9J_F1]_'§} x 107 - statistically compatible with other results

- imi i i . Average
Upper limit set (assuming SM signal): s .9 o
41 X 10_5 at the 90% CL. E * I:}c.'llf}_l_[__{ﬁfﬂ fb=!, Inclusive)
e ._.:_ Bell_t—* (711 th=1, SL)
- 350% better sesitivity than for | o pRps s
hadronic tagging approach 5 . e kD, Had)
_._._é_ Bap-a}u(l%z%fri !, Had+SL)
Great potential for Belle Il to provide world- o 2z 4 6 8 10
leading measurements in the future! 10” x Br(B"—K " vp)

16



Summary

Belle Il, on current statistics, can be already competitive with old-generation B-factories
IN many precise measurement

B - X,y
B*(B”) = JJw K™ (Ks)
B - K v

Belle data still provide an excelent source of valuable physics studies
B’ - KK
BY _, k*0 *_

In addition, Belle still delivers the most sensitive result on B - D®1v (LFU)

Great potential of Belle Il for precise BSM physics measurement on full data sample!

Analyses on combined Belle and Belle Il data is a strategy for the improved results
in the near future.
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