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Belle and Belle Il Experiments

@ Belle (1999-2010) and Belle Il (2018-) are B-factories

° Located in Tsukuba (KEK laboratory) - Japan > Lower background compared to hadron colliders
> Asymmetric eTe™ collider > Closed detectors with almost 4 coverage
> Operated around 10.58 GeV ( = my4y)) ° FEL, Mg, Pmiss: ErcLs ete.
Belle: recorded ~1 ab? Belle Il: recorded 427 fbtin Run1 (2018-2022) and 120 fb! in Run2 (2024-)
BELLE Detector

D KL and muon detector

@ Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

BELLE (end-caps , inner 2 barrel layers)

Y |

EM Calorimeter
Csl(T1), waveform sampling electronics

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

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

1. Silicon Vertex Detector '

2. Central Drift Chamber

3. Aerogel Cherenkov Counter :
4, Time of Flight Counter Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

5. Csl Calorimeter

6. KLM Detector

7. Superconducting Solenoid
8. Superconducting Final

Focussing System Belle Il TDR, arXiv:1011.0352
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Belle Il Luminosity

@ Physics runs started spring 2019.

¥ Run 1 ended June 2022.

2.1

> Peak luminosity at Lyeq = 4.7 X 103*cm™2s71,

the world record set on June 22th, 2022.

Belle Il Online luminosity Exp: 7-35 - All runs

T - 600
17.5 Integrated luminosity

mmm Recorded Weekly

15.0 o e e L L 1 B s s L 500
fenscsseadt o Run 2022a.b
Run 2021

T2.5 e e e e

° Run 1 integrated luminosity at

fLRecordeddt = 424 fb~".

- 400

(~¥BaBar, ~1/2 Belle sample size)

F 300
7.5 o LR

9 Long shutdown 1 (LS1): 2022-2023

200
5.0 A

Total integrated luminosity [fb™1]

@ Run 2 started February 2024.

25 [ PSRN | S 100

Total integrated Weekly luminosity [fb~1]

Run 2024c

o Integrated luminosity at 548.92 fb~1 now. 0.0

Updated on 2024/11/21 11:36 |ST
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Belle Il Run Plan

2024 current plan: Run 2024c

10 : . . . 60
2025 run plan "o, :[_T
p E. 8 m—nt. L[alb-1] 50
Shutdown at summer (June to October) 5 40
X 6} 3
Medium term: another long shutdown (LS2) is 2 30 L
planned after 2027-2028. £ | 50 =
Upgrade of interaction region is being considered. % 2} 1 10
[« 1]
o
0 . 0
2019 2024 2029 2034

Fiscal year 4 5 6 7 8 9 10 11 12 1 2 3

2024 2024b 2024c (current) 2025a

2025 2025b 2025c 2026a

2026 2026b 2026¢ 2027a
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Belle || Collaboration

@ 28 countries, 120 institutes, 1,200 researchers
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Korean Belle Il Group

@ 10t largest size per country in Belle Il collaboration Belle Il Member Size per Country

@ Details .
° 10 institutes (SNU, Yonsei, KU, SKKU, SSU, Hanyang,

CAU, KNU, CNU, KISTI) )
> 37 people (12 professors, 4 post-docs, 15 PhD or master . i I I

- ! i__n__
course, 5 undergraduate, 1 technician)
B Armenia B Australia Austria Canada ® China B Czechia
o Worklng on physlcs analysls’ hardwa re Work and W France B Germany mindia W israel MW [taly M Japan
software work o wn e e e
=Remarkable work though ~4% of collaboration B
s oS x9e olgs
AN = o) s sk 8 O
s ot e M0 =YW = HHO = F50 o2l wtfeAY e AR ATE U B E
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Recent Results on Belle/Belle || Collaboration

@ Lepton Flavor Violation (LFV)

3t - ptppt JHEP 09 (2024) 062
= ot o1 y° JHEP 06 (2023) 118
T3 v (25) - ¢t JHEP 02 (2024) 187

@ Dark sector

2 X(z', 5) searchinthe e*e™ — p*pu~X (X - p*p”) PRD 109 (2024) 112015
Long-lived scalar(S) in B decays PRD 108 (2023) L111104
Leptophilic scalar(¢,) ine¥e™ = tr 7 £ £~ PRD 109 (2024) 112015
Heavy Neutral Leptons (HNL) in T decays PRD 109 (2024) L111102

@ Semileptonic (SL) measurements (B — D*£v,)
Angular coefficients PRL 133 (2024) 131801

BELLE

Lepton flavor universality(LFU) with measurement of R(D*) PRD 110 (2024) 072020

Determination of |V | PRD 108 (2023) 092013
Light-lepton universality in angular asymmetries PRL 131 (2023) 181801
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JHEP 09 (2024) 062

T+ —> ‘Ll+‘Ll_l,l+ (1/2) 424 tb! of Belle Il T¥7~ data

. l_] : Belle IT 4 ata e
‘ TWO hemISphereS tag Slg :; ./L:r]! 424 b - Ewml E i‘:ff;‘.)
- T T gm B(r —p p'p)=4x10"" HEE qq S
-~ N LB . Stat.
© For TSlg and Ttag N ‘ . IJ g p B BB v ?fll(‘,
H ;;[jl) ]
o Separated by a plane 7 (thrust axis), maximizing T =
o (SoA2l)
@ Inclusive tagging ar \ X [P%il
20
° T4ig hemisphere selection: 3 u included hemisphere
’ 0.0 0.2 0.4 0.6 U]-ESDT 1.0
> Sighal optimization and background rejection by BDT P ]
s " Belle Il (Preliminary) 56 SR |
R 10" simulated events —— 204-8R
oM :; T =S pptp ——1_Sideband's 10
. _ 2 _ 2 _ _ _\_J_: )2 e
> 2D analysis of My, = |EZ, — P2, and AE3, = E3)' —+/s/2 < [ Signal MC only
“

).0

TR0 18518 10

.\[;;;, [G(’"/(‘!]

1700 1925 1.7 L7
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JHEP 09 (2024) 062

T > ututut (2/2)

Belle 11 Signal region|

'?g 0.3 /Edt=424ﬂf‘ —— 206 region % 31.2 ; pelle 1 Expected CL, £+ 20
T‘} B(T7—>/¢’/1+/1’):(5X1()*1 T bl;i:::fmlds m:iE © 1.0 m fﬁdt_424fb] B Expected CL, £+ 1o
K 0.2 = ) ---- Expected CL, median
< ) %D —4+— Observed CL,
o 0.8 —
0.1 5 E 5
i g 0.6 -
0.0 - wn -
0.4 -
0.1 " - 5
10 0.2 -
—0.2 5
0.0 B B s ]
0.3 0 1 2 3 4 5
B(r~—p p'p) le—3
Bt -» utuut) = (21735 £04) x 107° Observed (expected) limit:
* Dominant systematic uncertainties B<19(1.8) x1078

from momentum scale (16%), signal region ( ié;g%)

Most stringent to date
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JHEP 02 (2024) 187

Y(ZS) —> fi’[$ (1/2) 25 fb! of Belle data @ Y(25)

€ Motivations
> 2-body CLFV decay of a quarkonium

o Can provide complementary constraints on the Wilson coefficients of the L
of new physics models (D. E. Hazard and A. A. Petrov, PRD 94 (2016) 074023)

@ Analysis features

o Belle data analysis in Belle Il Analysis Framework (B2Bl|)

> High-momentum primary lepton ¢, from 3 @ mew | &4 e ——
b3 2 00t St e D03 ) e
—_ gt ot | e‘E;gqe 037 RN signalu g
Y(ZS) _) 'el T 5 0.6 ‘w,.w““? 2 - J(s‘wag.)lr;a\ 5.0'25 Tt
+.,5 += S paf ‘ 2 92
> Use ¥ decaysto £vvorm*v 2 - an
:>J’ . I_%’0.05 W™,
o £, to have different flavor w.r.t. £1, to suppress 51 52 53 %5 46 47 48 49 5 51 52 53
] P, (GeV/c) P, (GeV/c)
copious background from Bhabha processes . 1107 |
Q Cete->eeuy } (d) e-nnl “eeee
1 2 = Ee2‘4'e;gf%%n:lusive N 5 S§E§Z?>EHCIUSiVG
° FastBDT for further background suppression 3 Se s e
S; . ata . ata
2
5]
L|>-| :“'T“hﬁ'\—*:‘h-ﬂ i —-«:‘—k.r'::""uf - 0 L e o T
45 46 47 4.'8 49 5 51 52 53 45 46 47 4.? 49 5 51 52 53
P, (GeV/c) P, (GeV/c)
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JHEP 02 (2024) 187

Y(2S) » 117 (2/2)

O 14 o 107
‘>9~ ol (@) n-e B o0 § - (B) pomer® :
o g EI ‘?'((ZS)Z?;CIusive Q 8 L [:|T(28)—>inc\usive
O 10 s [ e'e->e'e 'y Q) It )
4 ' - [ ] signal
-~ in [ signal — 6 -
o 8 + data | o [ J t data
S 6 =7 i
3 4 > o | Hl
-— il — :
qc_) o | \ i I | GC) et | J#WJ— Modes €sig (%) Né’fg Nobes
HE “ <
Lﬁ o LHETE. _HAH“ \ \. ol . AT o L NN e . T(28) = pFr+ | 123+£08 | 3.9+1.8 | 3
45 46 47 4.*8 49 5 51 52 53 45 46 4.7 4.*8 49 5 51 52 53 T(25) et | 81411 | 5.94+26 12
GeV/c GeV/c
p. (GeV/c) p. (GeV/c)
§ 10 | (c) e L I 59 6 (d) e-nn® B(T(QS) — [,LT) < 0.23 x 10
F EE e'e->T'T ->THT _6
8 8l S| & % e B(T(25) = er) <112 x 10
: e_'e'->p+u' 4+ signal 0
5. 6 F H Flzggal 5 H { data @ QOAJ CL
=N o 3
ﬁ 4 . [ ﬁ 2 i i ( T
+— i@ H o i
- I ] c F |
RS Rl it
L 0 !...-E Eg i A .W.j"'ud__ L L 0 1 3 ; o ;L:—H_J_U .
45 46 47 4.*8 49 5 51 52 53 45 46 4.7 4.*8 49 5 51 52 53
P, (GeV/c) P, (GeV/c)

Belle (this) results are 14 (3) times more stringent than BaBar (PRL, 2010)
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PRD 109 (2024) 112015

ete” - ,u+,u_X (X — ,u+,u_) (1/2) 178 fb* of Belle Il data

€ Motivation
> Probing two different models to find X

° L, — Ly vector mediator (Z°): couple only to y, 7

o Muonphillic scalar S : couple only to u

@ Analysis features
> Mass region: 0.212 — 9 GeV/c?

o Background suppression with momentum 2D distribution,
helicity angle, muon pair momentum and so on

Candidate
muons

Belle Il_simulation Signal 3 GeV/c? Belle Il _simulation Background [ Ldt=178 1b’l
600

1800
1600
1400
1200
1000
800
600
400
200

6

o
T
o
T

&
T
IS
T

W
W

p . [GeV/c]
L) w
Entries (a.u.)
p . [GeV/c]
n w

T

2 3 4 5 3 4 6
P, [GeV/c] P, [GeV/c]

6 Belle Il_simulation Signal 3 GeV/c? 45 Belle Il_simulation Background

Entries/(100 MeV/c?)

200

IS
T

150

[GeV/c]

[GeV/c]

Entries (a.u.)
Entries (a.u.)

rec
rec
X

P
o

sim

n
p

-
(&)

Data

o

o
o
(8]

T I BT TR T T
P [GeV/c] P [GeV/c] M(uuw) [GeV/cZ]
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=3 PRD 109 (2024) 112015

ete” > utuTX (X > ptu) (2/2)

Result

det=1?8fb'1

o
e
)
=

Belle Il _[ Ldt=1781"

Trident

ULong'
3

L
.

107"

90% UL on o (e" &— p* u” Z'(— u* ) (fb)

10°H
| ——so%cLuL [ Expected UL + 1o - ——90%CLUL @ Expected UL +1o
[ Expected UL 25 ----- Median (Expected) A — E’Pecte‘: UL £20
) 10 .
2 L L M| L L L
10 1 10 1 10
m,(GeV/c?] m,[GeV/c?]
S Belle Il J Ldt=178fb" Belle Il I Ldt=178fp"
o E
+1 -| :_ :
I F 10
w r a
= i o L
+ f
? ! 3 1072
. 107" = =) F
A = c
© n
© i 107°E
S - ——90%ULGL B Expected UL & 15 c —90% CL UL == Expected UL * 1o
=) [ ] Expected UL +25 ----- Median (Expected) - [ Expected UL + 2a
§10—2 L L Lo | L L L T B A 10—4 L L M| L L L L L
@ ! 10 1 10
mg[GeV/c?] me[GeV/c?]
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PRD 110 (2024) 072020

LFU with Measurement of R(D*)(= 222"

B(B — D*¢v,)

Signal enhanced region of M2. € [1.5,6]1GeV?

miss

30 - Belle ll Preliminary p*—-p%* —e— Data
Tag Side S b [rdt=189.31" B Do
8 o5 [ 1.5<M, <6.0GeVc! 2= briv
= C B D )v
o 20 - [ Hadronic B
Z i I Fake D
jf, 15 [ Other BG |
© : Fit uncertainty
g 10 Signal " '
© 5
— obr
6 psig :pe"'e‘_ptag ok
D=:-O__....-t....‘... u. .-y
—2'_...I...I...I...I...I...I.‘.I...I..TI...
# # 0O 0204 06 08 1 12 14 16 18 2
N Ecq [GeV]
mf ~0GeV?
B— Xtv, 5 5
( 2 p,)° > 0GeV
Backgrounds 2D likelihood fit: SM expectation: 0.249 +/- 0.002
2
> Frcr > Mii | R(D¥) = 0.262 Zyge(stat) Togss(syst),
B — Xr[ N Lpl/rlj/-']ljf Backgrounds . 3
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Exclusive Tagging for SL Analysis

¥ At et e -B-Factories we can use the known initial collision kinematics
> We can gain more information if we ‘reconstruct second B’ (B tagging).

Tag Side €+ Signal side
\ ol %10 Belle Il preliminary
A . . 2.5 mmm Correctly reconstructed IE dt=34.6fb"
- 1 x 105 Belle 1l prellmlna ry < 3 T [C)::muum& mis-reconstructed
o 0 E Y(4S) - BB E, ‘ Npy, =84907 + 734
DY o 10l fﬁ dt=34.6fb~! BN Continuum 315} Plag>0.1
¥ - ~ Bt+ag 2 MC stat. unc. 2 2
4 0 { Data = 1op M. = /514 — | pg]
O & osf
2 L~
0.6
5 @ 8 / 00350 5255 5260 5265 5270 5275 5280 5285
[ ] ‘ Displaced ‘ Neutral / My, (GeV/c?)
¢ . | Vertices . Clusters 0.4
0.2 \ %10 Belle Il preliminary
i B Correctly reconstructed IL‘ dt=34.6fb*
I Continuum & mis-reconstructed
o 00 T ogl + Data
= 1 E Ngg, =38545 + 1161
O g 06 Prag > 0.5
= 0 . LR S R R AR E e 3
© e — ./« 2
® L. . . ‘ . ‘ . S0t My =1/s/4 = |pgl
e -14 -12 -10 -08 -06 -04 -02 0.0 §
& 02
IOg(Ptag)

0.0
5250 5255 5260 5.265 5270 5275 5280 5.285
My (GeV/c?)

Final Output
Score gjtag
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Recent Progress of Korean Belle Il Group

¥ B meson decay

o3 Fv B® - ¢%77 with B2BIl and FEI (D B2, KISTI)

B2 s B+ KOTAA (4 - etem, pwtu”) (A&7, AH Chta)
FAALPB - KMa'(a' > yy) (RET, AMICHE

FRALPB* > K*a'(a’ - yy) (2O, AAITHS
350 - ot (LRE, st

@ t* decay
LFV o+ — ¢+r0 (ZSHY, SHFLHStm)
B - ¢+t (0|3l M 2Cystm)

© D meson decay
D — invisible with Charm tagger (.7:,7,<_F§, A M| CH 'c'ill-jl_)
F3 D+ - et (ZA Y, A ChStm)
#® Baryon-involved decay
FE 1! - pr{n® (A EE, Dot
I X (3872) ~ 0]/, X(3915) > ] [} (Qres, narystm)
W3 X(3872) - J /Yy ntn~, ]/ p(— ntrn”) (S2X], SSOis)
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BO - ¢E1H (£ = e, p) o

@ LFV involved decay mode / e

oV 2

° Recent results Bug— 1"~
° T(B® > e*1™) < 1.6 x 1075 (Belle, PRD 104 (2021) L091105) el y(as)
> I(B® » pu*t%) < 1.4 X 107> (LHCb, PRL 123 (2019) 211801) ‘\B/

Some Other

> B2BIl and Full Event Interpretation (FEI) sy >\’g

° FEl: non-signal B tagging method with machine learning B

> MC upper limit calculation done i o

TMVA overtraining check for classifier: MLP

,,,,, o000 7007, 8 HIT Signal(iest shmple) | | '] = ‘Signal (trdining shmpie) .
> 12 £77] Back d (est )| | = Back d traini o] s Intermediate stages
N N =z ackground (test sample) ackground (training sample)|
e g H g = r imov test: signal probability = 0.13 {0.648) i
L s 2 £
H g 2 e =
H L 150005 S o T
10000 3
sa00 j
B g f Full decay F
EreilGoV] < mode
LS =k - % T subdecay T vy
w0 E ! 3 mode H
5 . 7 _ 01 02 03 04 05 06 07 08 09
H g ] MLP response Azianrried 0 0 0 0
H Z E Niig
H £ ° g
£ < 4 I 3 Nois 6 3 5 =
"o r 4000
1 e, 4300 Neag 6+ 2.45 3+1.73 54224 54224
| 1
10 | i 3000
- I ] ! Estimated
w e ; | ; il 0:245 0:173 | 0£224 01224
i 0 R, = - I .
- i o i Branching ‘ : £ :
H F ! ratio (0£2.52) =10 (0+£2.31) = 10 (0+2.39)=10 (0+3.11)=10
2 g |
2 z 1
H .- 1 Combined
i £ ; BR (0+3.42)x10°¢ (0+3.92)x10°¢
ML upper
22 23 24 25 26 27 limit of BF < 5.52)(10'5 < 6.45X1[]'G

32 a4 9708 18 2 21 22 23 24 b} [GeVic]
;16

2
Invariant mass [GeVic’] P} [GeVic]

@ 90% CL
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YK Kim, Yonsei

B—-K®WAAA - ete ,utu)

D

<o

BELLE

® Motivations

°B > KS(S - A'A", A - ¢1¢7)

o Scalar particle S can be dark-Higgs or off-shell Higgs.

> B = Kyy with y — A’ kinetic mixing can be contribute this final state =l

although its branching fraction is expected less than 10~°.

@ Analysis features

° 12 possible modes: 4 type of K, 2 type of A’
> Various A’ mass scan: 0.1 — 1.8 GeV
> MC upper limit: 108 - 10

Mpe e AE - _
= - i M | == SigMC
- % BB
oo ]  — a
= rareB
- —) ulv
o ER Y. i 5% Sl s Mpc in GeV/é?
My M | 7 - AE in GeV
A A AMy in GeV/c?
E My,
L £ R2 have no units
1 !
Broym my my, R, )
i S J Ho T -
Epsym my e, R,

po l .

12/2/2024

4

Expected upper limit of branching fraction (10~ 6)

Number of Events 1M IAC

0.20 4

0.10 4

0.00
2

Numbar of Event/IM MC

KYUNGHO KIM

- - ~ - Ko | = T
. g o Klcepp P il
- ol o~ K o
= » 3 —— "
_— 3
000000 2 H "
£
%
.................
2 T
[reaten 133 e
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- —— y
-
M @ -
- > - .
- -
@ Q
= L —
- H
P o B ——
3
2 .
- =
......... S oeoooo oo "
vz s
Expected Upper limit of BF of K*etee? Expected Upper limit of BF of K*u*pu~p*p
- N,, =0 —— N, =2 4 - N,, =0 - N, =2 Nope =4
e © ¢ —o Ny, =1 — Ny =3 - ! 5 _L75 e ® (- N,, =1 - Ny, =3 —8— N, =5
° & ®
[ ] =)
® = 150 ® e
° s
. £ .
e ® © S e ° % o
° £ o @ *
°
" ° b e g 1.00 4 * L
e ® o ° 5 e ® © o ° ©
L] b L
o o °* o ° 2 ° LIPS °
° ° E 0.7 ° °
° ° ° o ° i = e o 0 %o °
° e a ° o
e ® ® i ® 2 0.50 4 ® e o o
B o © ©
e © o o 1] e & o o L
R ™ ° 2 i ® o o e ® o @
L] g 0.2 ° ° o o
° ° e P
L o ©
°
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200 100 600 800 1000 1200 1400 1600 1800 200 100 600 800 1000 1200 1400 1600 1800
Mass(MeV) Mass(MeV)




S. Cho, Yonsei >
B — KWa'(a' - yy)

€ Motivation: Searching for ALPs

> a’: spinless pseudoscalar particle, decays to yy 100% . "‘Qf\\:: oy
> Mass scanning: 0.16 ~ 4.50(4.20) GeV/c?, 0.1 GeV/c? step W;'ﬂv&\;é’ ol
o 0 Vi . .
", n,m mass region is excluded. z i 4 P -
@ Analysis features B K
> B2BIl is applied to adopt BASF2 u, d > u,d

° FastBDT for continuum suppression
> FastBDT for 7%, B > X,y veto

> Long-lived ALP is considered = -

gaw (GeV™1)
=
<

Expected Upper Limit of gaw
Expected UL
—— 90% C.LUL
Expected UL +20
Expected UL 10

1074

10-°

— BaBarB*-=K™*a

Beam Dump — Belle I MC
| | ne | | 1076 — 106
[ 1 2 3 a 5 10 1 100

my (GeVic?)

my (GeV/c?)
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N gy , H. Kim, Yonsei P>
BT - K" a'(a - yy) o

Belle IT

@ Analysis features
> Mass scanning: 0.1, 1.0, 2.0, 3.0, 4.0, 4.78 GeV/c?
> Long lived ALP flight distance: 0, 1, 10, 20, 30, 40, 50 cm
> Worse resolution with longer flight distance

o Perform the analysis for each lifetime independently.

> Ongoing analysis ?
r- ('r“,:().()Cm\ Mrzrc4=[z. -
S
3 .
8

i)

cT, = ()‘.() cm ‘
/ /

mel K
S
saten zzrsminen) €T, = 50.0 CM Do) sz c7, = 50.0cm
@ -
Q (f'
O /;
/ Reconstructed .!,l"
Reconstructed Energy [GeV]  VAS Reconstructed 6 [*]
& ma=1.0 GeV/c? B* >K*a( - yy) N m,=1.0 GeV/c? B* >K*a( - yy)
L 200 - - - - - - fmdi 4 L 40 - - - - - - -
> Belle 11 2021 (Simulation) > Belle 11 2021 (Simulation)
& 17:5F__ double sided & 35} __ double sided
T Crystal Ball - Crystal Ball
L 150F | Mcsignal B 30F }  wMcsignal
g 12.5F | 8 25
~ 10.0}F B ~ 20}
0 0
= 5 ] A\" £ 15
g 5.0 F g 1.0 }
© 25f © o5f }
s “ter,=0.0cm £ ler,=50.0cm ‘
= 02 05 06 07 08 09 1o 11 12 = %2 05 06 07 08 08 10 11 12
M,, [GeV/c?] M,, [GeV/c?]
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C. Kim, Hanyang
B - 77~

® Motivation

o The result of B® — t+7~ study constraints the free parameter of the BSM models.
° T pair decay: high BR, (very) hard to deal with B0 -y = CEMWME o o

- 87T i
> Subdecay modes should have missing particle(s). D  OKM Mildw Phee
constant elements suppression space factor
piHS) (PSF)
@ Analysis features Tagoside Signal-side

° Four T subdecay are considered. e

ut
° T = evv, Wv, mv, pv K+
H M . i e R S o vi_(
> Cont m th FastBDT is d
ontinuum suppression wi as IS aone.
T
BD _____________ Vr
sig —
- +
T T m
0 +..-
B* — 171" decay example graph
5 180
[ sigCand_sig (rej. 1.58%) [0 uubar (rej. 89.31%) [ sigCand_sig (rej. 0.6%) B uubar (rej. 65.18%) [ sigCand_sig (rej. 4.93%) B uubar (rej. 17.86%) 0.100
[ sigCand_bkg (rej. 41.51%)  WEM ddbar (rej. 89.1%) [ sigCand_bkg (rej. 24.51%) EEE ddbar (rej. 64.79%) 251 [ sigCand_bkg (rej. 17.4%) BB ddbar (rej. 18.16%) 3 ccbar
W mixed (re]. 73.96%) B ssbar (re]. 85.57%) 160 B mixed (re). 33.5%) BN ssbar (rej. 64.6%) R mixed (re). 15.88%) B ssbar (rej. 18.91%) == ssbar
[0 charged (rej. 82.58%) BN ccbar (rej. B8.29%) 3 charged (rej. 56.89%) W ccbar (rej. 66.31%) [0 charged (rej. 18.11%) B ccbar (rej. 18.84%) ddbar
4 ==
—~ 140
E uub:
U — 20 0.075 F uubar
< - > B charged
8 % 120¢ 8 N mixed
n 3 (6] o = True
=) —~ 100} S 15f P
2 3 S 5 0.050 |
= 2 80 -~ &
i = w 0 Mel < .‘ 89 - 100 Me\
£ " 2 99 100 MeV < AE;? AE; < 100 MeV
[= 2 6o =
w b=
£ : w 0025
401 .".ﬂf 9 > 5.27 GeV E
H
20
— 0.000 1 2 3 4 5
9‘24 5.25 526 527 528 5.29 0.0 . N

Erc, in GeV MEE(Q in GeV / c2 AE sy in GeV Eeci: Fake > 0.1, BBS > 0.5
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H. Cho, Hanyang P>

Tt > ptq0 <o

Belle IT

® Motivation: LFV

> SM prediction ~ 107°° (PLB 852 (2024) 138621 ) -
> NP prediction ~ 10~1# (Eur. Phys. J. C (2020) 80:1167) - - 3
A7 )
. N ,.‘Jr\J\j\JJ
@ Analysis features 70
. . T:l: — ,uiwo —
°1 X 1 prong: 1 prong has ~85% branching fraction T
> Two hemisphere |
%0 tau_sig_InvM vs tau_sig_deltaE i tau_sig_InvM vs tau_sig_deltaE
> MVA to continuum suppression R sl 10 . .
bl i - ; . 7l‘: gl:rnnaul Region
% . 10? i % 0.0 - 5
£ -15} 10- = s 10
! :
Th‘rust- -20 _20f
. axis 14 ‘ ) ) = : . . 0
tag side ‘71-0/ 25713 13 15 16 17 18 19 20 10° 2% 1.4 16 18 2.0 10
1,71' \ y tau_sig_InvM tau_sig_InvM
-G ) 90% 90%
& ,, Signal gszg(%) kag NUL BFUL
Vi 7 side
¥ o |_Bellell 6.0 0.18%07% 2.26 5.7E-08
v T—emn i
. Belle 3.9 0.20 £ 0.20 2.2 8.0E-08
0 Belle Il 7.5 3.46 £ 1.86 0.76 1.5E-08
T = UTT
Belle 4.5 0.58 +£ 0.34 2.8 1.2E-07
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H. Lee, SNU [Py
T+ N ,€+n /O

€ Motivation: LFV - .
> SM prediction ~ 10~55 (PLB 852 (2024) 138621) s\ @
> BSM allowing Tt — £*n - -0
o Supersymmetry(SUSY), leptoquarks, Type Il seesaw model, etc. . ““;", A
o Expected UL with Type Ill seesaw model L
c ULSY (17 > e™n) < 0.6 X 1078 12} en e S
- ULRY (27 5 ) < 1.0 X 1078 S
Analysis features
> Generic MC 424 fb Z:
° 1 — yy (~40% BR) and n —» mtm~1°(~20% BR) are considered. LRI R el

o Estimated MC upper limit
o ULBEe(7= - e7™n) < 9.2x 1078

(a) electron channel

1.2 i- Belle Il MC Expected CLs - Median
Belle H( - - ) -8 F o |Ldt - 4200m" -
o [ =424,
UL90 T _) ‘Ll T] < 6-5 X 10 1'- .J; DExpcclmCLst‘m
0.8 . ."-, D Expected CLs+ 2o
0.6
0.4
02}
[ ‘4..,__—
o L I I PP e x10°%
0 002 004 005 0.08 0.1 0.12 014

(a) Electron channel (b) Muon channel (b) muon channel
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. . C. Kim, Yonsei P>
D — invisible o

Belle IT
€ Motivation NP, P . ‘,
> In the SM, expected B(D? — vv) = 1.1 x 10730 dsb ‘Wé>www
> So, search for this mode is sensitive to new physics. B MW7 "
o Previous result: B(D? = vv) < 9.4 X 107° (924 fbL, Belle, ey .,
PRD 95 (2017) 011102) - EWM<
@ Analysis features = :
o Charm Tagger to reconstruct full e — ”‘ass‘(‘i‘-“”
> Automatically reconstruct D meson with FastBDT : - '
> B(D® - v¥) < 5.53 x 107° i3
/{ Tag side (D;), > D}, (- K n*n*)n’) ]ﬂ Z:::: . .
e- 10002— # ‘C_.
ROE(RESt Of Event) PE BT Tes T80 186 1865 187 Gk
Ecc (GeV)
Signal side D° ; reole [oelo= Sies3+r 178 |
(recoiled D) R &
e P
K~ 4000;*

T 2000 e
+ - -
™ 3 .
ok e, \ !
0 02 04 06 08 1 1.2 14 16 1

12/2/2024 KYUNGHO KIM 25

B 2
Eccy (GeV)




J. Kim, Hanyang >
[)+-__>777[+' <O

Belle IT

9 Motivation
> DT - nm™ (Singly Cabbibo-Suppressed) decay
> Where two difference from weak phases from CKM matrix elements: V.4V, 4, Ves Vil
° It allows CPV at tree-level

@ Analysis features
> 1ab?!MCused VW+
°n = yy (~40% BR) and n - ntm~n°(~20% BR) c —cd — 748

DT u
. _ _n N
are considered. d < d i i
+ + D + +
DT - NyyT = N3,
30000 .
B 25000 §2snon g 2000
< - hii
-— < <1
SZUUUU 820000 8
g o o 8000
15000 =
<5000 P % 6000
2 € €
10000 10000 2 4000
& w . w
5000 -, BE 5000 f=., g}
0 1.8 1.85 TR 2z 2.05 ’ 1.85 19 1.95 2 2.05 T 185 YT 2 2.05 18 1-85 TR B 2.05
M(D") [GeVi/c?] M(D") [GeV/c?] M(D') [GeV/ic?] M(D") [GeV/c?]
4 4 1 4 4
3 _ 3 i H 1 _3F J
Sl em ey . b dya, .l Sohwe oa lwd |y S Lu Ill_nlll ol L _w,d =R N1 | Tt
e L bt IS Lo it IS 1 nt i Rt S S Al 0
“ T8 185 19 785 2 2.05 - T8 785 19 795 205 - 78 i85 19 195 2 2.05 - T8 18 19 195 2 2.05
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YJ Kim, KU

At - pKdm

® Motivation

> Updates on the relative BR B(A¢ - pKIn®)/B(A} - pK~nt)
: isospin symmetry test in NKm system > Ll ]
> Reconfirmation of peak structure in the pK system s |
near 1665 MeV/c? > 1
@ Analysis features z | |
° Dalitz plot analysis T N R
> Signal yield extraction from bin by bin efficiency correction M(pK3) [GeV/c)

> B(A} - pKdn®)/B(A} - pK~nt) = 0.339 £ 0.002(stat.) + 0.009(syst.)
> No significant peak in the pK? system near 1665 MeV /c?

Fit with two asymmetric Gaussians + 3™ polynomial Yield extraction e ———
weve [BY ppwrr 7 (" asf-
rrwtreererd ereerree L
e R e IR TN r
(W vawos [EE I e S A | - & i
LA A | | il N % Y £
e e R 2.
] A A A LA 1 T
g A A AT A o 25
Srwerrore — — -
ey 04 06 08 1 12 14 16 18 Eoo R
o) A A A ME(K) [ GeVArct ] T B T R T

MA(K3n) [GeVA/c?)
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Belle IT

€ Motivation
° To identify states of X(3872) and X(3915)

@ Analysis features

°B — KX(3872) (X(3872) — > ntr n® — £t~
0 ,W o T T I,
° B —- KX(3915) (X(3915) - > ntr n® A
0 LW T T I,
> U Belle 711 fb* and Belle 1l 1444 fb!
SIn elle an elie
o Diff f BR bet t and fit It ~1.5
irrerence o etween Inputand TiIt result are D0
9000 F F
aooof. BelleBemode - 1400 F Belie B0 mode e 5000 [~ Belle B+ mode -—me Belle BO mode -ne
Sauesiamt 1200 Gaussiant F BW Gaussian conv. 700 BW Gaussian conv.
7000 * Biturcated Gauss. Bifurcated Gauss. o, 4000 . E ---- Bifurcated Gauss.
© T  B70487 + 0.000082 2 F L E m_gs1 = 0.0017 + 0.0047
5 6000 m_gs1 = 3.870678 + 0.000026 F 1000 m_gs2 = 3.86080 + 0.00072 % F % 600 £ m_gs2 = 39029+ 0.0019
= m_ge2 = 187363 + 0.00072 = n_gs1 = 5532+ 82 = E 5 s00F meanBw2 = 3.9134 + 0.0048
= s000f m_ge3 = 3.86364.+ 0.00081 2 soof n_gs2 = 5488 £ 82 o 3000F - E
: h_gst = 30586 + 413 : w_gs1 = 0.003673 £ 0.000064 ] 3 = a00F
N 000 n_gs2= 7500+ 522 o 800 w_gsz_L = 0.00758 £ 0.00041 = F =
3 n_gsd= 23282 + 342 =1 w_gs2_R = 0.05681+0.00083 & 2000 F a00b
2 3000 w_gs1 = 0.003297 + 0.000038 < ¥indl =251 b F w_gs? | Y z E w_gs2_R = 0.0571 0.0015
w w_gs2? = 0.01186 + 0.00041 w400 C WidthBW2 = 0.01856 + 0.00080 200 E WidthBW2 = 0.0193 + 0.0016
2000 W_g63_L = 0.00882 + 0.00031 1000 indi=1.78 3 £indt—1.00
w_gs3_R = 0.06011+ 0.00071 r E.
1000 yéinch = 3.05 E 100F
1 n
4F 4
2 2
0 0
2 2
4 4
385 39 345 5% 385 39 385 38 38 4 EX] 3 X
M{edhy) GeVict Miedhy) GeVic? MiwJiy) Gevic* Miwliy) GeV/ie*
5000 - Belle 1t B - NG 400 3000 |- Belle Il B+ mode —a-mMC 800 £ gelle 1l BO mode, -u- MC
elle Il B+ mode POF sum Belle Il BO mode s E ¥ 5DF sum E * POFsum
Eilesiant 1200 - liestans ss00F- -+ EW Gaussian conv. 700 -+ BW Gaussian conv.
ty 4000 Bifurcated Gauss. % Bifurcated Gauss. N E n g:‘ - DI[:F:'ﬂ:uIK;UESS. & 600 :_ . urca auss.
= m_ge1 = 3871808 + 0.000040 = 1000fF m_ge1= 3871662 + 0.000077 = E m_gs2— 3.9026 £ 0.0017 = E m_gs
2 m_gs2 - 387686 £ 0.00030 2 m_gs2 - 3E7613 £ 0.00041 2 2000f e riar 00013 2 swf m_gs2
3000 |- m_gs3 = 3.86328 + 0.00072 800 |- m_gs3 = 38637 +0.0012 E E meanBw2 = 3.9105 £ 0.0017
o nge1 = 15345 4346 = E g = 34054 159 2 ok . 3
o nps2- 83274353 N g0 n_gs2- 2526 & 169 @ 1500F 2 E
T 2000 n_gs3= 12402 + 207 I n_gs3= 3579+83 5 F & E
g W56 = 0.002034 + 0.000051 3 W61 = 0.002507 % 0.000091 S 000k 8 E
i w_gs2— 0.00810 £ 0.00023 o 400 w_gs2 = 0.00709  0.00028 w £ WIGthBW2 = 0.02178 £ 0.00067 w E
1000 w_gs3_L— 0.00B80+ 0.00039 w_gs3_L = 0.00916 £ 0.00066 E iincl = 0.84 E
w_gs3_R— 0.05B87 £ 0.00083 200 w_gs3_R = 0.0590 £ 0.0014 S0 100
indf = 2.67 o iindt =121 E E
3 3 3 4
2 2 2 2E
o o o 0
2 2 2 2
4 4 = 4
38 385 39 395 38 385 39 385 38 38 4 EX] 3 X
M{edhy) GeVict Miedhy) GeVic? MiwJiy) Gevic* Miwliy) GeV/ie*
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Events { { 0.002 GeViC?)

§$§

X(3872) » J/yn'n,J/Yp(->ntnT)

E. Jang, CAU (—D

<o

Belle IT

® Motivation

° To identify states of X(3872) by lineshape measurement

@ Analysis features

° B - KX(3872) (X(3872) = J/Yp°, p® > mtn~, J/iP - £747)
> B - KX(3872) (X(3872) —» J/ym*n~, [/ - £1£7)

o 711 fb! Belle data analysis with B2BIl and BASF2

° Dipion invariant mass condition reduces ~73% of background

° Ongoing

M(lirem)-M(I)+M(Jfy) Voitigian p.d.f.

g

F Signal MC

1200

g
LN

§l

b=
TTT

12/2/2024

B2BII

] .
My zera) (GeviC?)

9

~F

c

)

GeV,

Events / ( 0.002
e 8888

5001

T | PR R
Pga— 585 386 387 368

M Hrr)-M{I -+ M hy) Vaoitigian p.d.f.

- Generic MC Il B2BI|
:— /s

s

s g || gt

Lo
T80 3.9
My a7z (GeVIC?)

KYUNGHO KIM

M(llrr)-M(I) +M(J/y) Voitigian p.d.f.

G
=
8
T

n

8

(=]
T

3 2000EGeneric MC

B2BlII

After giving
dipion mass
condition




Summary

@ Belle Il has returned from LS1 and started Run 2 data taking in February this year,

collecting more 0.5 ab! data sample in total.

€ With an advantage of clean event of e+e- collider, Belle Il experiment are ongoing many
analyses related to NP including lepton flavor violation, dark sector and so on.
> We show recent researches for
o LFV processes, T+ — utu~u*, Y(2S) » ¢*tT atBelle Il
o dark sectors, X(Z’, S) searchintheete™ » utu=X (X » u*u™) at Belle Il.

> Semileptonic measurements, lepton flavor universality with measurement of R(D*) at Belle Il.

@ Korean Belle 2 group are 10t largest size per country in Belle Il collaboration and doing
many analyses for searching the evidence of new physics, precise measurement and

identifying the states.
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FastBDT : Classification Algorithm of FEI

@ Requirements for FEI classification algorithm

> Fast during fitting and application Layer 2

Layer 1

> Robust enough to be trained in an automated environment Layer 3 LS5 [m<9] (3
° Can be reliably used by non-experts Terminal Nodes [02]
9 FastBDT : BDT with speed-optimized and cache- AR :y" — ""yyyylyj y"ly ”yl‘
friendly implementations for multivariate classification
> Trial to reduce run time a!

o Storing data as an array of structs

° Computing cumulative probability histograms (CPH) of
nodes in the same layer of the tree simultaneously

> BDT cut decisions optimized based on equal frequency bins

int a = 0; int al[l = {0,0};

int b = 0;

for(int i=0; i<1e9; ++i) { for (int i=0; i<1e9; ++i) {
if (rand () %2 == 0) a++; al[rand () %2]++;

else b++;

} }

cout<<a<<" "<<b<<endl; cout<<a[0] <<" "<<a[1]<<endl;

(a) Straight-forward implementation — (b) If statement replaced by array lookup — Exe- Refe re n Ce : T. Ke C k' htt ps ://a rXiV. O rg /a b S/ 1 609 . O 6 1 1 9

Execution time 10.1 sec cution time 6.9 sec
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https://arxiv.org/abs/1609.06119
https://arxiv.org/abs/1609.06119

Benchmark of FastBDT and Others for FEI

@ Benchmarks of reconstruction using D - K~ ntn®
o Fitting time measured about 28 features and 355,000 events

o Inference time measured about 28 features and 3,900,000 events

Method Fitting Inference AUC ROC  WeightFile
time in s time in s size in KB
donothingduring  “ 0.2 49 0.066 2

the fitting phase

Stochastic Gradient Boosted Decision Tree

FastBDT 3.7 6.9 0.435 58
SKLearn-BDT 32.1 7.8 0.429 69
XGBoost 18.0 11.4 0.415 34
TMVA-BDT 19.8 16.5 0.297 101
Artificial Neural Network
SKLearn-NN 27.6 7.2 0.401 32
Tensorflow 201.9 0.4 0.399 30
NeuroBayes 112.3 7.4 0.377 182
FANN 50.6 7.1 0.316 £ 0.061 21

TMVA-NN 510.6 16.8 0.156 53
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Performances of FEI

Maximum tag-side efficiency of reconstruction algorithm
Comparison to other tag-side reconstruction algorithm of Belle and BaBar

Ta FR SER FEI FEI
& (Belle) CELED) (Belle) (Belle 1)

Methods Neurobayes nl\elfvl:/;arlk FastBDT
Hadronic B* 0.28% 0.4% 0.76% 0.66%
SL B* 0.31% 0.3% 1.80% 1.45%
Hadronic B° 0.18% 0.2% 0.46% 0.38%
SL BO 0.34% 0.6% 2.04% 1.94%

Tagging efficiency = N;q, /Ny (as)
Tag-side efficiency = /Ny@s)
Purity = /Ntag
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FEI Performance Check

@ Distribution of the kinematic variable of B

tag

at Belle Il MC

> 180M BB pair signal and 1ab scaled backgrounds from BB, e*e  to qq pair and t'T

Tight FEI output cut (o > 0.1)

Loose FEI output cut (o > 0.01)

g
=]
=

=
N B
= =

=
© o
=

o

number of events
=

Signal
Extended Signal
Background

5.25 5.26 5.27 5.28

beam-constrained mass in GeV

3.5v| HE Signal
I Extended Signal
3.0M: mm

Background

N
8]
=

number of events
= N
w (=]
= =

=
o
=

number of events

00824

0.1mM{ N Signal
I Extended Signal
s Background

5.25 5.26 5.27

beam-constrained mass in GeV

5.28

0.4M

o
w
=

=
)
=

number of events

0.1M

H Signal
B Extended Signal
B Background

cos®

12/2/2024

KYUNGHO KIM

efficiency in perce
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o o 9o
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e o o ©
NWw s,

o
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0.0

=
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o
N

0.0

—— Extended Signal
—— Signal

e Loose Cut

x  Tight Cut

10 20 30 40 50

purity in percent
(a) Hadronic Tag

60 70 80

0 10

—— Extended Signal
—— Signal

e Loose Cut

% Tight Cut

50

40

20 30
purity in percent

(b) Semileptonic Tag




Candidates / (0.05 )

(Data-MC)/MC

Application : Hadronic FEI Performance (B — X{€v)

€ Used data & MC samples : 34.6 fb'! data, samples of 100 fb! generic BB decay and 100 fb! generic qq decay

L5 X10° Belle Il preliminary
I Y(4S)-> BB
1.0k IE dt=34.6fb! B Continuum
B* s MC stat. unc.
tag
o8l ¢ Data

SFWTEE 000490 0?

12/2/2024

14 -12 -1.0 -0.8 -06 -04 -02 0.0
Iog(Ptag)

Probability of FEI with B;,

( x10° [ xct Belle Il preliminary\
1.0F
I 2.5F W Correctly reconstructed [cdt=346f1 I I BN Correctly reconstructed [cdt=34.6fb2 I
Bl Continuum & mis-reconstructed W Continuum & mis-reconstructed I
| % 2o t Data | ”L ogl + Data
Yool
| 2 Ng;, =84907 + 734 | E Ng;, =38545 = 1161 |
| g Prag > 0.1 0.6 Prag>0.5 |
Zisf 0 | 2
| § B |
=)
= - 0.4
10p +
I @ 0 Mbc Othag | k Mbc Dthag :
c
@
8 | |E t |
I 050 5.255 5.260 5.265 5270 5.275 5.280 5.285 I I 05250 5255 5260 5265 5270 5275 5280 5.285 I
| Moc (GeVic?) | | M. (Gev/c?) I
Loose cut: P > 0.1 Tightcut: P > 0.5 |
: x10° Belle 11 preliminary: : Belle Il preliminaryl
1.75| ™ Correctly reconstructed [ede=3a6m! 8000 £ BN Correctly reconstructed [edt=3461"" I
I ' I Continuum & mis-reconstructed IAI I Continuum & mis-reconstructed
|'::\» 150f t Date |"‘§|TGDU i 4 Data I
IE Last Ngg, =65855 + 590 |8|ﬁm Ngy, =35401 + 297 |
Ia oo ptag>0.1 EISODU plag>0<5 I
o 1.
2 ' o 4000 I
I: o7 I:Isooo |
w 0 i) 0
:E osof  Mpc of Btag :§:2000 My, of Biag |
w w
I 0.25 | Imoo I
%9550 5255 5260 5265 5.270 5275 5280 5285 \_ 250 5.255 5260 5.265 5270 5275 5280 5285

—_—
Belle Il preliminary’

My, (GeVic?)

— — — — — — —— — — —

Distribution of M;,.
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=3 JHEP 09 (2024) 062

Belle IT

T+ — ‘Ll+l,l,_l,l+ 424 fb! of Belle Il T¥7~ data

@ Two hemispheres o = [BaeE S
. PR i 1 [} P Y —— +200 region
‘> T= max zz |p . * Tl) ‘g " /C’H:424ﬂ’ — Si(lebauis
° For 754 and Tiqq fir \ 3 [Pl & (Hrwaredt g 10°
q 0.2

o Separated by a plane 1} (thrust axis), maX|m|zmg T

0.1

=
Simulated signal events

@ Inclusive tagging

0.0

o Allow 3 X 1and 1 X 1 (measure all the neutrals, too)

—0.1 3
] 10!

> Signal optimization and background rejection by BDT s

. _ 2 2 _ C ‘ b -:_-:_- -'- - . . ’
° 2D analySIS of M3l‘— o w’ E3l’- B P3li and AE3I1 o E3 Ebeam o 10 17 1.80 1.85

M3, [GeV/c?]
@ Result
° B(T+ - al’l+al’l_.l’l+) = (2-1i2411- i 0'4) X 10_9 &1.2 E Belle I . Expected CL, + 20
. . . . D - /Edt:424fb7 B Expected CL; + 1o
° Dominant systematlc uncertainties 1.0

---- Expected C'L, median

from momentum scale (16%), signal region ( tg;‘;%) —— Observed CL,

0.8 —

@ UL estimated with CLs method (modified frequentist in 0.6
RooStat)

> Observed (expected) limit: B < 1.9 (1.8) x 1078

o Most stringent to date

|

04

0.2

OO T T T 1 1T T 1T T ]
0 1 2 3 4 d
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JHEP 02 (2024) 187

Y(ZS) — fi’[_l_ 25 fb! of Belle data @ Y(2S5)

€ Motivations
> 2-body CLFV decay of a quarkonium

o Can provide complementary constraints on the Wilson coefficients of the L
of new physics models (D. E. Hazard and A. A. Petrov, PRD 94 (2016) 074023)

14

€ ->
[ r(2s)-sinclusive
D signal

t data

@ Analysis features

> Belle data analysis in Belle Il analysis framework

Events/(0.01 GeV/c)

-0008
Events/(0.01 GeV/c)
G

=

go

> High-momentum primary lepton £, from

Y(2S) - ¢ fr; p, (GeVic) p. (GeVic)

> Use 7% decaysto £Zvvorm*v

> £, to have different flavor w.r.t. £, to suppress
Il

ATaLARy AL

45 46 47 4.'8 49 5 51 52 53 45 46 47 4.*8 49 5 51 52 53

o FastBDT for further background suppression p, (GeV/c) p, (GeV/c)
B(T(28) — pr) < 0.23 x 107°
B(Y(28) = er) < 1.12x107°

Belle (this) results are 14 (3) times more stringent than BaBar (PRL, 2010) @ °**¢

Events/(0.01 GeV/c)
—‘\—\
Events/(0.01 GeV/c

copious background from Bhabha processes

=
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