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B-Factory Experiments : Belle / BABAR
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B-Factory Experiments : Belle / BABAR
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B-Factory Experiment : Belle

Belle Detector
N Aerogel Cherenkov cnt.
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>1ab™?
On resonance :
Y(5S): 121 b !
Y(4S): 711 b !
Y(3S): 3!
Y(2S): 25 b~
Y(1S): 6!
Off reson./scan:
~100 fb!

~ 550 fb!
On resonance:
Y (4S): 433 b
Y(3S): 30 fb*
Y(2S): 14 fb*
Off resonance:
~54 fb!
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Achievements of Belle

» 645 publications from
200| to now

» Still very productive :

47 publications (including
submission) in 2023

» Data analysis efforts are
now merging into Belle
collaboration

- Belle Journal Publications
BELLE The Belle Collaboration

- Physics Publication.

o
N
ol

. Measurement of the Ratio of Partial Branching Fractions of Inclusive B — X,fv to B — X{v and the Ratio of their Spectra with
Hadronic Tagging
M. Hohmann, P. Urquijo, et al. (Belle Collaboration), submitted to PRD
Belle preprint 2023-17, KEK Preprint 2023-30, arXiv:2311.00458 [hep-ex]

644. Search for the baryon and lepton number violating decays D — p{

S. Maity, R. Garg, S. Bahinipati, V. Bhardwaj, et al. (Belle Collaboration), submitted to PRD
Belle preprint 2023-15, KEK Preprint 2023-20, arXiv:2310.07412 [hep-ex]

643. Search for charged-lepton flavor violation in Y(2S) — o Tt (I=e, W) decays at Belle

@
B
~

=

64

63!

R. Dhamija, S. Nishida, A. Giri, et al. (Belle Collaboration), submitted to JHEP
Belle preprint 2023-14, KEK Preprint 2023-19, arXiv:2309.02739 [hep-ex]

. Observation of charmed strange meson pair production in Y(2S) decays and in e*e™ annihilation at Vs = 10.52 GeV
B.S. Gao, WJ. Zhu, X.L. Wang, et al. (Belle Collaboration), to appear in PRD
Belle preprint 2023-12, KEK Preprint 2023-16, arXiv:2308.08900 [hep-ex]

. Search for a dark leptophilic scalar produced in association with T+t~ pair in e*e™ annihilation at center-of-mass energies near 10.58
GeV
D. Biswas, Sw. Banerjee, et al. (Belle Collaboration), submitted to PRL
Belle preprint 2023-13, KEK Preprint 2023-17, arXiv:2207.07476 [hep-ex]

=

Evidence of B® — pX~n~ at Belle
C.-Y. Chang, M.-Z. Wang, et al. (Belle Collaboration), published in PRD 108,_052011 (2023 September 22)
Belle preprint 2023-10, KEK Preprint 2023-12, arXiv:2305.18821 [hep-ex]

©

Search for double-charmonium state with n. J/y at Belle

Belle preprint 2023-11, KEK Preprint 2023-13, arXiv:2305.17947 [hep-ex]

5 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP



The most cited paper from Belle (Not on CPV)

PHYSICAL REVIEW LETTERS week ending

VOLUME 91, NUMBER 26 31 DECEMBER 2003

Observation of a Narrow Charmoniumlike State in Exclusive B* — K*# 7w~ J /¢ Decays

S.-K. Choi,” S.L. Olsen,® K. Abe,” T. Abe,’” I Adachi,” Byoung Sup Ahn,'* H. Aihara,*® K. Akai,” M. Akatsu,?®
M. Akemoto,’ Y. Asano,*® T. Aso,*” V. Aulchenko,! T. Aushev,!' A. M. Bakich,*® Y. Ban,* S. Banerjee,39 A. Bondar,!
A. Bozek,25 M. Bracv:ko,lg’12 J. Brodzicka,25 T.E. Browder,6 P. Chang,24 Y. Chao,24 K.-E Chen,24 B.G. Cheon,37

R. Chistov,11 Y. Choi,37 Y. K. Choi,37 M. Damilov,11 LY Dong,9 A. Drutskoy,11 S. Eidelman,1 V. Eiges,11 J. Fla D’
C. Fukunaga,45 K Furukawa,7 N. Gabyshev,7 T. Gershon,7 B. Golob,”’12 H. Guler,6 R Guo,22 C. Hagner,so E 2389 citations
T. Hara,” N.C. Hastings,7 H. Hayashii,21 M. Hazumi,’ L. Hinz,16 Y. Hoshi,*! W.-S. Hou,24 Y. B. Hsiung,
H.-C. Huang,24 T. Iijima,zo K. Inami,?® A. Ishikawa,?’ R. Itoh,” M. Iwasaki,*® Y. Iwasaki,” J. H. Kang,52 S.U. Ka (as Of today)
N. Katayama,” H. Kawai,” T. Kawasaki,?” H. Kichimi,” E. Kikutani,” H. J. Kim,’* Hyunwoo Kim,'* J. H. K¥mm; ——

We report the observation of a narrow charmoniumlike state produced in the exclusive decay process
B* — K=m* 7~ J/¢. This state, which decays into w+ 7~ J/¢, has a mass of
0.5(syst) MeV, a value that is very near the Mo + Mp» mass threshold. The results
analysis of 152M B-B events collected at the Y(4S) resonance in the Belle detectollat the KEKB
collider. The signal has a statistical significance that is in excess of 100 “X(3872)”

> 6 M.).Lee, Belle and Belle Il Nov 23,2023, KSHEP




Achievements of Belle

1_ T/wKs (Belle,;2001)
B
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Much more precise measurements
done by Belle, BABAR, and LHCb

7 M.).Lee, Belle and Belle Il

Photo: University of Chicago The Nobel Foundation Photo: U © The Nobel Foundation Photo: U

Yoichiro Nambu
Prize share: 1/2

Montan Montan
Makoto Kobayashi Toshihide Maskawa

The Nobel Prize in Physics 2008 was divided, one
half awarded to Yoichiro Nambu "for the discovery
of the mechanism of spontaneous broken symmetry
in subatomic physics", the other half jointly to
Makoto Kobayashi and Toshihide Maskawa "for the
discovery of the origin of the broken symmetry
which predicts the existence of at least three families
of quarks in nature."
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Belle Il and Super—KEKB for x50 data
\ Particle Identification:

¥ Time-of-Propagation counter (barrel)
Prox. Focusing Aerogel RICH (fwd)

EM Calorimeter:
Csl(Tl), waveform sampling

Mt. Tsukuba

electron (7 GeV)

/
¥

mme_evx BELLE I|

.

Beryllium beam pipe:
2 cm diameter

X/

)
L%

"l

e

I, S

p
Vertex detector:
2 layers DEPFET + 4 layers DSSD

Central Drift Chamber: Readout (TRG, DAQ):
iS00 RERC AL g E St e ~100% efficient for hadronic events.
1MB (PXD) + 100kB (others) per event
- over 30GB/sec to record

KEK Tsukuba
Campus

L . g
8 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP



Belle Il and Super-KEKB, for x50 data

positrons

(4GeV) co"monpomt  Belle Il detector | I Ie_|_ I~
; electrons 0w O
g = — _’:’“\ e, (7GeV) x =y
‘( [Eecron ing |~ SS9y B » Luminosity improvement by
. ’ Yy
g

“Nanobeam scheme,’ x20

Increasing beam current, x1.5

A

Design 28A 20A 60 nm

.. | Electron-Positron
{ | linear accelerator

I Tum

> &
‘?’

s 22mrad 100mm° e
crossing angle

5mm

\ f .‘

‘ | Positron damping ring ] \% Achieved
NR. (by 2021) 0.7A 0.8A 230 nm
~50nm Beam “squeezing”
1um P4 .
s> for higher Target luminosity : 6x103°cm™2s71
= / luminosity
83 mrad M.).Lee, Belle and Belle Il Nov 23, 2023, KSHEP
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Belle || Detector

» Improved vertexing

b)’ PXD + SVD Belleli— wv i
» Better p,resolutio m o e s

(larger chamber) =R -y
» Higher acceptance— Ll ”’Ji‘ /....,., = | d | _
» Lower boost and = _ 1”:{{?)1

better hermeticity W’WT | # i S
» More sophisticated Bolle =

trigger
I M.J.Lee, Belle and Belle Nov 23,2023, KSHEP



Belle || Collaboration

| Xl
M.).Lee, Belle and Belle II Nov 23,2023, KSHEP
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Korean Belle ||

» Software development and data monitoring (T _—
Simulation software improvement Samea

» Detector development
Calorimeter trigger,Vertex detector

» Accelerator study
Beam dynamics, beam instability

» Data analysis on B and D Physics :
CPV and rare decays in B and D, A%, X(3872) ®

» Data analysis on 7 Physics
T LFV

14 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP
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Operation history / Long shutdown |

Phase 1(2016): accelerator test w/o detector

Belle Il Online luminosity

Phase 2 (2018):

First collisions with complete accelegatts

Incomplete detector (no VXD)

Phase 3 (2019-)

] I
Luminosity run with complete detec'%or”‘ EY2019 :
Pixel Detector (PXD): Iayer | + only_i_ﬂ T ST I

ladders in layer 2

Full 4-layers strip detector (SVD) 0.0 -
P A GO PSS S RGeS TS
Long shutdown (2022-2023) i iy

Run2 starts Jan 2024
|5

Exp: 7-26 - All runs

VALK O
[L=428fb1 /
- 400
5 Lyear = 4.7x103*cm™2s71 / """"
E 19 5 e e e e oot L e
€ - 300
e R . i
3 i i
............................................................................................... L1 LN | 200
Y2020 : 20 |=
L A
& |
0

M.).Lee, Belle and Belle Il
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Long Shutdown | (June 2022 — Dec 2023

» TOP : MCP-PMT replacement: most of

conventional PMTs were replaced with life- !
extended PMTs

» CDC : HV register replacement: mitigate
the gain drop due to beam BG increase,
Additional H20O and O2 monitors,

Additional outlet ports: uniformity of gas
flow in CDC

» VXD : Installation of new VXD with
PXD2 (July 28,2023)

» DAQ : Full transition to PCle40, Direct
ROOT storage in STORE

» BG shield : Additional VXD bellows pipe
shields, Additional neutron shields

-----

6 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP



VXD Upgrade

PXD L1 Efficiency

| Entries

21376

4+ +

0.9
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++

0.8
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mixing and CP.

sl
Q7 Charm Lifetimes

INching
~—1§ Fractions, Dalitz analyses

& Lo
~LPton fAlavor vios ation

Physics of Belle Il

° . Bs pn),\,(j
) YSICS r€aCN IS ccnimnns by,
"fd:’
N .

. N < Lharmoy,, % Lo

i, A i

g <, decays
New botto % % o Measurements
L ;@&m like \N“‘SN
"’"’F, » \td/Vts from penguins
. New baryons N\
o b)
B-Ph SICS an d C P Ne e
tons (§:2) L4 Hadr e(\" &
e+e- ISR, pi+ pi- Cross-sec = Ong o Q.

d\%\ K% Co,b (\*ﬁ-\ U ny, lepton universality

ration AN & Cos, ‘;‘b‘ s

Spin Fragmen! P Oa,,‘ " ‘I'l' *" . peta, gamma

I I l l 9
’ a r [] [) Linac ece® Axion-Like Pary, %, "’Ql)t: Rp——— 3 S wect Tviolation
SAN Time Dependent o
Invisible > ) LSics
£Zs o) Belle Il Data Wn Ks, B>eta’ Ks
ot
Fare process, ) e
Heavy tay neutrifcs
A F s/ . Direct CPV, isospin sum rules
L oo o Lps (Long:uived e e\ %, aXpLRE prec—
Magnetict M~ S ‘e e
2 Sor AL
s o &+ <amma and radiative penguins, B->K(*) nu nubar
K K & ing, 0->10)r
Byy,
it & —lENt-handed currents, tripk duc
Tau Spectral Fyn &, o, s, triple products
tions -
’; > Len, U,
&ins: b .
’0,.% = lepton universal ty, NP
e,
o Jmma determinations

» Note :
O-(e-l-e_ - Y(4S)) — 1.05 nb LelonFmev-ol.mr)ﬂ‘:j)
o(ete” > 1tr7) = 0.919 b
Lthets ‘\e&o
Nov 23,2023, KSHEP

S
Darmed resonances

A FB (tau, mu, e+, b, ¢)
>

improved

o(ete” »c¢)=13nb
M.).Lee, Belle and Belle Il
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B - X1,
Dark photon = u*tu= + E,ss
F(A)
LFV T - fa
Z" > pp + Emiss
r(Qe)
CPV B? - n0x0
ete™ > wyp;, Xp = wY(1S)
ete” - utu~tte~
r'(B°)

LU B(B = Xev)/B(B — Xuv)
D? identification method
CPV B® - ¢K?

CPV B® > KJn®
|V.p| from B® - D*t£7v,
M(7)

CPV B* - DK*,B* - Drn#
LU B - D* ¢ty
(D)

PRD 107,072002
PRL 130,071804
PRL 130,071802
PRL 130, 181803
PRL 130,231801
PRD 107,L031103
PRD 107, 112009
PRL 130,091902
PRL 131, 121802
PRD 107,L091102
PRL 131,051804
PRD 107,112010
PRD 108,072012
PRL 131, 111803
Accepted PRD
PRD 108, 032006
JHEP 09 2023, 146
PRL 131, 181801
PRL 131,171803

|9 published in 2023
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Physics Results in 2023

Belle 1l
Publications

0 N e
2020 2021 2022 2023
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BT - KTvv in SM/ BSM

/ Standard Model / BSM
I 74
B < b — b O, — Py
U u
N Ex. Leptoquark model

_ \ or B¥ - K*X;,,, /

” v BR(long — range) = (0.61 + 0.06)x107°

FCNC, GIM suppressed, no hadronic uncertainties

\ BR(B* - K*vv;SM) = (5.58 + 0.37)x10~¢ j

20 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP




Inclusive Tag Analysis / Hadronic Tag Analysis

» Inclusive Tag » Hadronic Tag
|[dentify objects belonging to Reconstruct B, in one of the
“Rest of Event” 35 hadronic final states
Less precise but higher efficiency ~0.40
(e~8%) © &

21 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP



Backgrounds Summary

» 40% from qq, 28% from B » D(— KX){v

» Hadronic decay BY - K*D*~, B* - K*D*? with D
decay to K, is most critical

+ —
B™B~ decays -
. B+ - D*(2007)%*ve(y)
B+ - D*(2007)p*vu(y)
B+ - K*KIK? A
B \ B* - D%tvyu(y)
B+ - DOK* /
B+ —>D*(2007)°K\
Bt -DOn*

Bt > D0K+K0:
B+ =D0p(770)*—

others J

B+ - D%*ve(y)

Belle II preliminary
simulation

LL I"1.J.LE€E, BEIIE ANA Belle Il

B°B° decays
B? = D*eve(y)

B® - Dt (y) BO = D*pvu(y)
N \ / B? - D'K*
BO —»D*(2010)’K+K°—\ /

B%-D*(2010) K* ————— _
( ) /—B0—>D'K+KO

B - Dp(770)*
——B%—=D*(2010)*uv,(y)

g0 —D*(2010)*eve(y)

others—/

Belle II preliminary
simulation

INOV 23, 2Uz5, NOMEP



Candidates

Pull

Fitting Results :

Signal discriminator Inclusive-tag Hadronic-tag
0.92 0.94 0.96 0.98 1.0
3000 : . Belle.II preliminary Bt SK*up
3 Belle IT preliminary [l BT —K v - J Ldt=362fb"! =
P [ Ldt=(362+42)fb"! = BB o 100
2000 : : = BB -
Bl Continuum = [
t . Data F% 50
1000 ! o)
0 0
5 F —_— 5 o
0 e —— = 0f -
-5 3 1 1 i 1 1 i 1 ! i I I R —5k I 1 I 1 1
0.4 0.5 0.6 0.7 0.8 0.9 1.0

-1 4 8 2501 4 8 25F1 4 8 251 4 8 25
G2 [GeV2/cd] Signal discriminator

Inclusive : Fit on g2, (mass squared of the v pair) and BDT output / Hadronic : Fit on BDT output

23 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP



First Evidence for Bt - KTvv

BR(BT - K*tvi) = [2.4 + 0.5 (stat)*J2(sys)[x107°

» Inclusive : :
BR =[28+0.5+05]x107> | | i
» Hadronic :

BR = [1.1353+38]x107>

» Significance:

w.r.t null
w.r.t SM

24

:1.1o0
:2.80

SM A\(lag(

).497 + 0. 34+0.4

1.5+ 1.3 PRD87, 112005
) )

Belle II (362 fb"l, Combincd)

2.340.7 This analysis, preli

Belle 1II (362 ﬂ)1 h Ldl()nl()

1.14+1.1 This s, prelin

Belle 1T (362 fl) 1ncluslve)

2.74+0.7 This ,1

Belle II (63 b, inc hm\'o)

1.941.5 PRL127, 181802

Belle (711 fb’!, semileptonic)

1.04+£0.6 PRD96, 091101

Belle (711 fb'!, hadronic)

29+1.6 PRDS87, 111103

BaBar (418 fb™!, semileptonic)

0.240.8 PRDS82, 112002

BaBar (429 fb!, hadronic)

4

6 8 10

10°x Br(BT—K *vp)

M.).Lee, Belle and Belle Il
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T physics in Belle |l

L (=SS VA Il lhh BNV -
O 5 ¢ B
-8 10 E o ® N . 60 a'e ... .' o . E
> C ° - ° o o . -
L_|L 70 S ...... L P} —
S 105 . IE
2 g . v + 7+ CLEO
E T v . VY w W " 1+ ATLAS
e L A s v Y « CMS
» Belle-ll L T I T T S I,
= Ftx = v oaal oy * A a L A oa . 2+ LHCb
P . 3 7“ XA = A A y Y va R A % A A A s e _] BaBar
— — r A I A‘X = A AL - ¥
- B'faCtor)’ and (-3 1085~ e s a,t v ey BN XX ., R += » Belle
= 1] =
“Tau f ) & e G e, Coae e, T Bellell (5abY)
au actory B ¢ T 7 = Belle Il (50 ab™)
107°% E
10—10 \I\I\II\\HHIIH\HH\HI\IIHHHHIH'I'IV\VH

AN RIRIS SRR 99 LE AL S S 00 Y 50 ki kk TR R L STo 5050
wq"'v®§0§mqmqwq" g *a)t1~'q,w¢ + ok F * e 'lt'k" 'k"‘t'""‘l"
°xey 0305 " 888390 kE EELLLL RARE b Sk ARBE S0

I 30IVIVTOIONY S PIXVL OF SV
o3 I

» Lepton Flavor Violation is one of important research for BSM

Heavy mass enables various hadronic decay modes / a bit higher BR
estimation in BSM than muon

25 M.).Lee, Belle and Belle II Nov 23,2023, KSHEP



The most precise measurement on T mass

» Measurement limited ppack Scale & Epeam Scale
» Pseudo-endpoint method :

PDG Average (2022)
1776.86 + 0.12

BES (1996) | .
— 2 1/2 :
Mnin = [M3n + 2(\/5/2 - Eékn) (Egn - P';’kn)] /2 < M; 177608 12 52 5
» Less Data, 0 BELLECOT) e (414 fb7)
16f- Belle Il Preliminary { Data — Fit PR,
Better Sys err’ < 14 fL P " iBackground KEDR (2007) ,_,._p
Better stat. erra © 12} m, = 1777.09 = 0.08 = 0.11 MeV/c? 177681 +‘?223s =015 Less data
OWIng to o 10F BaBar (2009) _._._..._
Bett detect \ af 1776.68 + 0.12 + 0.41
etter aetec Org of BES IIl (2014) *.._,
|mP|~oved L% i 1776.91=0.12 309
measurement 2f Belle Il (2023)(Preliminary) e (|90 fb"]
of endpoint 0 : . 1777.09 + 0.08 + 0.11 3
= 2} S Y UtV i Lo b b b L
SIO e S5 0 _'...- LR ey o ®e - - ... ] .;;.‘.p?.., ot g et e e
P ] S s T | T4 ATTS 1776 ATTT AT78
17 172 174 1 76 178 18 182 184
M, [GeV/c?] M, [MeV/c?]
26 M.].Lee, Belle and Belle Nov 23,2023, KSHEP



Recent results: BSM boson search of T — P«

» ais an invisible (pseudo scalar) light boson in BSM
(possible similar with axion) #-

» Template fit with pdfs on x, = E,/(m;/2)

017

Events /0

27

16000 —
Belle Il Preliminary —+— Data
L Total uncertainty
23090 [Ldt=6281" e .
12000F ", 2 Other
. % t—ea, M, = 1.6 GeVic’
10000F £ . 1—eq, M, = 1.2 GeVic®
s ~ t—ea, M, = 0 GeV/c®
8000F s 3
3 %
s 2
6000 ’ .
.. .Q
2 s
4000 \\
2000}
%02 04 06 08 1 12 14 16 18
xe

017

Events /0

l
Ops
T T :.‘
a
16000F —
Belle Il Preliminary —+— Data
14000F ] Total uncertainty
det =628 fb" PO T
12000f & N Other
. ‘e t—ea, M, = 1.6 GeV/c®
10000¢ £ . t—ea, M, = 1.2 GeVic®
p Y t—ea, M, = 0 GeV/c?
8000F s 3
i. -
6000f .
..
£ %
4000 \\
2000f
%02 04 06 08 1 12 14 16 18
Xe
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x10°

20 %10~

> 20} Belle Il Preliminary - Observed UL [Jl] Expected UL = 1 std. dev. = 5| Belle ll Preliminary - Observed UL I Expected UL =« 1 std. dev.
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» Using the most early data (62.8fb!),
the most stringent limit, 3 — 7 times better than ARGUS

measurement (1995,476pb™) o T

was achieved. : V
(arXiv: 2212.03634) 1
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Recent results: LFV decay of T — £¢

» Highly suppressed in SM (~10-%) but much higher in
Leptoquark model (~10-8 — 10-19)

» Improved efficiency (6.5%, 2xBelle) due to “Rest of Everything”
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» Statistically limited (~1/5 x Belle), but inclusive tagging successfully

applied.
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Prospect:
T = {y at Belle |l

» 50 ab-! = 5x10'° 1 pairs
= UL ~ 108

» Sensitivity depends on
background level

New BG rejection method
using kinematic relation
enabled fewer BG with
increased dataset

31

Belle 2008 (535 fb!)

Belle 2008 (988 fb-')

x10~8 (90%CL))
r tTh—> l,l+ y = p ‘g(%'og"‘"'.‘:':‘:':':':':':‘.":'. o
= - 7 n Ll Ry
| ) y, i’ D02 [ i) fwe B SR B d i i b
0| +30 2 001:...2.::."" R
o +20 B - - R & ¥ ]
-0.1] - e x1.8 L _._\'_ :E/E] E']\" ....... '. .
| oy : 4 I FRRET 1~ = =) RN “]
H it & i o e mOOgQE . s e %™
s & '°'“%’.'/’7( . % 001 |5 ¢ 0 % 3ED? LY CRETIRE
8 P ¥+ BegS it Y
L |03 g o B i d ol YR A
i | y 02 [ o Tes CM ..... At 3
kf_’u N 5 Mpe = ((Epeam) — [Py |2)*/2
| 168 1.7 1.75 1.8 - 1.75 1.8 1.85 1.9
Il
3 |04 @540 fb! @5 ab?
T (Belle I Simulation) (Belle Il Simulation) .
I e :.:,'-'-.:-". . ;?-‘ '.,:_- ::' ) .‘.\ .-- =
0 T G .. L S
-0.21
0.4~ o "
15 e 97 18 19 2 O S T M TR ¥ N 2
)
Mipny = (BE)? — [EP| )2 ~m,
M.).Lee, Belle and Belle Il Nov 23, 2023, KSHEP




Summary / Prospects

» Belle is still productive in data analysis

» Belle Il started DAQ in 2019, collected ~420 fb-! before Long

Shutdown |. DAQ resume in this winter
» Targeting 50ab~1 by middle of 2030s
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» WVe just started to (massively)’
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produce physics results with =
/4 ~'/2 x (Belle) data
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