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Belle (II) @ (Super)KEKB — B factories of 1% and 2™ generation o

Belle I

| KL and muon detector:
Resistive Plate Counter (barrel)

=Séintillator + WLSF + MPPC (end-caps)
- ——

Z
f ,.
£

icle Identification
. % ‘ of-Propagation counter (barrel)
electron (7GeV) 7 et E . focusing Aerogel RICH (fwd)

- (Super)KEKB: asymmetric et e collider operating

. EM Calorimeter: _:h
nomlnally at T (48) = 10 . 58 GeV Csl(Tl), waveform sa W

Beryllium beam pipe
2cm diameter

(+ large number of D, 7!) Vertex Detector é\ A
2 layers DEPFET + 4 Idyers) §$§ .
- Belle (II): general purpose spectrometer ) [ positron (4GeV)
Central Drift Chamb \\
— 47'(' coverage He(50%):CzHe(50%), Small ce ‘
- clean eTe~ environment with known initial state ke : :
— good charged track reconstruction efficiency, el 1 Onine luminosity. 4 Exor 735 - Al runs
excellent particle identification, (v, 7°) reconstruction 17507 ntegrated tuminosty | 600
— B Recorded Weekl
- excellent vertexing (o~ 60 p m for B,D vertices) © 1501 — fenmmsat - 575.4710 ~| .
2 . Run 1 ] Run?2 / e
- Belle operated from 1999 to 2010, collected 711/fb @ ' (4S) £ (365/1hy) 0
E F 300 g
- Belle 11 started operation in 2019: a new detector which maintained or 3" L E
improved (e.g. vertexing) Belle performance characteristics despite £ I &
. 5 i 100
much increased beam background levels, so far collected ~510/fb @ r(4S) = *

o > 9% > >
v L JV {V v
» » » » 3

Date

— goal to collect 50/ab!
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Analysis workflow @ Belle II B
— B
1. Reconstruction o beam
« combine final state particle candidates in kinematic fits to form B
candidates =

|l Continuum

BB background

2. Selection
+ optimize event-shape multivariate classifier + particle ID criteria

03 -02 -041 0 0.1 0.2 03

3. Modelling + Fit s i S AE (GeV)
+ extract models from simulation (+calibrate on data) My, = \/(E,’,"ea,,,n,l)2 — p?
- fit to data to extract physics quantities F - signal |
Continuum
BB background

4. Systematic uncertainties
* toy studies + control modes

Ch " . ” BR h hb k d t | OnIyBB in event
alienges: sma , NIg dackgrounas, neutrais EB — Ebeam

52 522 524 526 528 5.3
M, (GeV/c?)
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Outline Bello T

- Belle and Belle 11
- Time-dependent CP violation (TDCPV) at B factories

- recent measurements related to - / e}

_TDCPVin BY — pTp~
» Band Acp in BY — 797

|

-TDCPVin BY — KonT 71+ ——;fﬁéwfi*

L~

- First observation of B — 26(2455)50
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Time-dependent CP violation @ B factories
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Belle I

— in decays of neutral B mesons to CP eigenstates interference between direct and mixed decay
amplitude can lead to mixing-induced time-dependent CP violation

['(B° = fep )(At) —=T(B® - fep )(AL)

Acp(At) = —= = § - sin(AmyAt) — C - cos(Am At)
I'(B® = fcp )(AL) + T(B® - fep )(AL) l l
Mixing-induced Direct CP
CP violation violation
How do we access S and C . D
reconstruction N\ [

Quantum coherence
Bigg — B°(BY) flavor specific at t
| Byig was B(BY) at t

Mass of Y (4S) just above QMBA
| B pair ~ at restin CMS

" Asymmetric beam energy |

B — fep

-

_________________________

New flavor tagger at Belle Il

— based on graph-neural-net
- eff. tagging efficiency: i

30% (Belle) — 37%

— 8GeV At=Az/pye | . Phys. Rev. D 110, 012001 ,
By =0.425 In each BB event we:

Btaé\* K+ — reconstruct signal decay ( By;,)

— determine flavor of B
ut flavor tagging tag

— measure distance between decay vertices (At)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012001
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Determination of ¢2/c from B — 7 / pp Belle I

Sor] HFLAV |8
~ least well measured angle of CKM unitarity triangle o = ¢: = (84.1737)° y _
0.5 1
— (@9 can be determined from TDCPV in BY s 1t / p+ I ol
but due to sizable b — d penguin contribution 0‘3_ /
. SN 3 I ‘
S o< sin(2¢2 +i2A¢2) Q i 02
Vs d 01_.
. . ‘contours hold 68.3%, 95.4% CL )
— A¢@o can be accessed based on the B, A p of isospin related modes B on - us . o 10
(BT = 7%t BY = 7% BT = p%", B® = p°") p
ST T T T T e
less ambiguity in ¢2 due to smaller penguin contribution SIS = g
- pp guity 2 peng S =L i

i D Combination 8

+ possible to measure TDCPV in po po,
but need to determine fraction of longitudinal polarization f, 0.61
(fL = [Hol*/(|Ho* + [H, > + ’H—‘z))

. Challenging! low B: 10~% — 10™° (+ large contributions from qq backgrounds!)

Several recent measurements @ Belle II providing new - .
inputs for ¢2 0 2 50 75 100 125 150 175
a[°]
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TDCPV in BY — p+ p~ @ BelleII PRD 111, 092001 (2025) o

Belle I

— analysis in two steps: - determine B and f7,
- use obtained event weights for time-dependent CP fit

+ + 0 . .
—reconstruct 0~ — T~ 70 . two charged pions for vertex reconstruction (- good /At resolution)

. . . —= Long. signal  ---- Self-crossfeed aq &R { Data
i large COIIlblIlatOFIal baCngOUDdS. ===+ Trans. signal === Peaking backgrounds BB — Total
only pions, in final state -  FBelen 1 & 150 FBelleT 1 & 10 fBeleT ]
O /L dt = 365 fh~! 1 & I /,c dt = 365 fb! 1 & E /E dt = is65 fb~! ]
3 150 iy 1 = 10 = 100 f | .
o ] A A L
% 100 1 = _ [ S
e[ = »w 50 w50
— employ BDT classifiers to reduce fake 5 50 2 g
[£4] > > L
and beam-background photons _ 9 D SIY - .
z ¢ ' 2 th 3 3 -~I-f-
. . L -0.1 0.0 0.1 0. 0.6 0.8 1.0
— signal extraction by 6D ML fit in ABIE) . s e
AE’ M+ ,0, COS epi , 7-(: ) Belle 1T ; 5o [BelleTI ] s [ Belle TI ]
g 200 /E dt = 365 fh! ] ; [ /ﬁ dt = 365 fh! ] ; [ /E dt = 365 fh!
O’ ~ i ~ [
P helicity angle / 2 2 2
lL —2 in 9 sin?6 +.:os 0, 00526‘ § E 5 E r
Idcos,-dcos,- 4 L o> P & E 2
0 E 0 =
= = 3F 4 = 3F 3
¢ z EQF —w——g——"q § P W
| L | B E o | IR |
qq background suppression variable -6 -85 ©0 65 b -8 0y 08



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092001
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TDCPVin BY — pTp~ @ Belle II PRD 111, 092001 (2025) Be,,eﬂ

_, distributions from previous fit used as event weights in At fitto B"and B tagged events to
determine C and S

r D 100
B=(2.8080 250 x 1077 [Belle II 6 Btag
doginatedby 70 eff. 80 -_/E dt = 365 fb! * B tag E
_ 40.02440.017 . 1

Jr. =0.9217 5055 0015 60

Cop = —0.02 £ 0.124 08
 Scp=—0.26+0.19+0.08

Events / 1.0 ps
S
o

o
o

— on par with world’s best

o
1 LI B |

— combining these results with Belle/BaBar/LHCDb results
of isospin related B — pp modes we obtain

by = (92-6J—ri.'75)0

Asymmetry
|

© © O
w o w

Dominated by the uncertainties of S,+,- and S0, At [ps]
— to be improved by future measurements!


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092001

D

<O

Branching fraction and Acp of B — 797" Phys. Rev. D 111, LO71102 |men

~ @9 from B — 77 uncertainty dominated by B 0 & 7079 branching fraction and CP asymmetry

— very challenging measurement due to solely 4 photons in the final state

N
o

~
o

Belle Il
E j Ldt=365fb"

s BB bkg.

Belle ll
] _[Lm:assfb" }

E
S
N
S

— signal swamped by large backgrounds signal

(mostly true 7Y combination from qq events)

w

w

N W ow

o o o
T

n
(=}
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— still, uniquely accessible @ Belle 11

Candidates per 32.0 MeV
B
3

-

o
T

— improved tagging, 7V selection and fit configuration w.r.t.

Pull Candidates per 4.0 MeV/c?

L L " 1 1 L " L L L L 1
03 02 01 0 01 02 03 04 05 2 5.22 5.24 5.26 5.28 5.3
AE [GeV] M, [GeV/c?]

previous Belle II measurement I 0E O 001 02 03 04 05 62 555 554 5% 5% 53
AE [GeV] M, [GeV/c?]
— 4D fit is performed to extract /3 and time-integrated A p 3 of BT % [ Beren
q35_det=365fb" gss_JLdt=365fb"
AE, My, Ch, w, :
~_ 8 osf 5
T~ @ 20k o
\\\A E 15 %
oqe -g 10 Bu °
( background suppression variable wrong tag probability S 2
5


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071102
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Phys. Rev. D 111, L071102 [i=—me=

Branching fraction and Acp of BY — 707

From fit to 365/fb of Belle II data we obtain 125 +/- 20 signal events giving

- BB® = 7°2% = (1252020 % 0.11) x 10~ , B systematics dominated by
A p(B° = 7°2%=0.03 £ 0.30 £ 0.04 understanding of 7" efficiency

— on par with world’s best, despite smaller data sample

— we evaluate impact on (9 by combining results
with isospin related B — 7 measurements

—

— — — previous | f Il | r
\ | ,'

new ‘|
\

. |
306 : ’} \ !f I \l lf
— 10° reduction of 68% CL exclusion interval - 0:4 ] v \\ 1/ v
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \ weonelindfrsts

(30% fractional increase in ¢ precision)

(p2 (degrees)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071102
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TDCPVin BY - K97 tn—~ I " = paper in preparation [
= — New!
< ~ v W' or new heavy bosons
—~ b — sy transition at the quark level
b s
— time-dependent CP asymmetry sensitive to photon polarization
~ inthe SM: S ~ 0 due to suppressed right-handed currents u ot v
— beyond SM contributions in loops could lead to interference between left- and right-handed
current and non-zero value of S
~ use full Belle (711 fb-1) and Belle II Run 1 (365 fb-1) datasets to measure S and C
— in addition measure two new observables proposed S — :
by Kou et al. [JHEP09(2019)034] 12 L B ,
10 | i New observables:
— set additional constraint in C'7/C'. plane Ngfo_a ;‘ ‘e S+ — gup 4 gdown |
. - i, S~ = §up _Sdown E



https://arxiv.org/abs/1802.09433
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TDCPVin B’ — Kot 1 —~ New . paper in preparation [
. Belle II preliminary [ £dt =365fb—!
Event selection % b Dun
= —— Full fit
v:E, >1.5 (1.4) GeV for Belle II (Belle) th 00} e Seml.
K?: MVA selector (flight length etc.) % 00F }r;,;.l.].m,!nin
Out of many intermediate resonances only g
B = K.,y with K., — K%° are CP eigenstates =
— enhanced via: Motn € [0.6,0.9] GeV/c? S
mg,.. € 0.9,1.8] GeV/c? — O
= (S
Ay
— continuum suppression by standard MVAs based on event shape S0 52 521 52 53 5.0
My [GeV/c?]
Vertexing and flavor tagging o 300 b Dus
@ —— Full fit
= —=-Signal
_. prompt 71 7 used for B4 vertex S of P ot
\’;. * } + * BB background
— standard Belle flavor tagging used for Belle (~30% eff.) 2 oop- D T i
and GFlat algorithm for Belle II (~37% eff.) E )
e d (E===s=2= L i Er b
— At resolution function and tagging validated using B* — K*ntz™y - [
and by performing B meson lifetime fit on signal channel = , ‘ .
—0.2 —0.1 0.0 0.1 0.2
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TDCPV in BY — K’((S)7T+7T—fy —~Nhew_:  paper in preparation Belle T
o i 0875<r<1 BELLE preliminary [ £df=711fb~"
o5 e
Time-dependent CP fit = *F - mn
— unbinned ML fit to AF, M., and At Pl = B
— separately for Belle and Belle IT datasamples Z wf
::; 10
Fit results "
B 1F
[ Belle + Belle IT A Belle C=—0.04%0.11£0.07 Of ﬁ‘}—H"J"‘“
< =l
L S = —0.184£0.17 £ 0.08 o7 - 0 10
C=-0.17+0.094+0.04 (1o from the SM) R
S — _0.29 :I: 0.11 :I: 0.05 0875<r<1 Belle II preliminary [ £dt =365fb~"
+_ 2 OF— purm
ST =-0.57+0.23+£0.10 G 0.96 4 0.16 £ 0.06 B i
kS— — 031 + 024 + 005 ) (230‘ from the SM) *} o0 | --- B fit
?g 10
— most precise values of 5, C to date 7
- first determination of S, S~ B
2 0F
Z a1k

|
o

I
o
=]
o

10
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First observation of B — Y.(2455)Z. arXiv:2507.05094
b « g _
e
— baryonic B decays are important system for studying L 4
production mechanisms of baryon-antibaryon pairs in B
non-perturbative QCD . g .(2455)
— inconclusive theory predictions B~ — £(2455 &}
« QCDsumrule: ~4 X 10—3 [Nugl. Phys. B 345, 137 (1990)] a (a1) ~ o = b1 ~o
« di-quark model: O(10™7) [z. pnys. ¢ 51, 445 (1991)] > 20 — Signal E s
= [ Homzoe | B |
— use Belle and Belle II run 1 data: 711/bf + 365/fb o I 5 20}
y 10f g |
— 2D fit to M(Adm"), A E simultaneously to Belle and Belle 11 : 5"
data in M(Z.) signal and sideband regions s o
(- treat potential non-E. peaking backgrounds) M(Acm) [GeVic? silal
_ » ; B® - £ (2455)=0
BB~ —> X (2455 EH =574 1.11 % 0.42J_r1:5;) X 107" |(7.30) 2 °F (al) ~oua _»F (bl) ~ome
- = % L - ?Lgt:?:al«: 2 g = ::-ﬂ:la:akc
BB’ — £.(2455)°E)) = (4.83 £1.12 £ 03775 /5 x 107*|(6.20) =™ the | 5 15
g 10f & 1o
First observations!  *3rd uncertainties are from cited Z.'s BR g g i
Lﬁ ¥ ...... | _LL H m 5
— almost 2 orders of magnitude larger than decays to singly charmed baryon pair! W e9i s 12_;6 2_;,'7 '2_;81 o=k

(e.2.B — Acp or X.(2455)p) M) [GeV/c?] ' AE [MeV]


arxiv:2507.05094
https://arxiv.org/abs/2507.05094
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Summary

Recent (5 /(v related measurements at Belle II

~ TDCPV in B" — ,0+,0_ PRD 111, 092001 (2025)
~ Band Agp in BY 5 7979 Phys. Rev. D 111, L071102
TDCPVin BY — ng+7r_fy — paper in preparation

First observation of B — Y.(2455)=,  arXiv:2507.05094

- results competitve or better than Belle/BaBar although based on smaller datasamples

- expect more results on CPV and hadronic B decays to follow soon!



arxiv:2507.05094
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071102
https://arxiv.org/abs/2507.05094
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Belle I
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TDCPVin B — pTp~

- Systematics table

TABLE VI. Systematic uncertainties for 5 and f;. Relative

uncertainties are shown for 5.

Source B %] fr[1072]
Tracking +0.54

7" efficiency =767

PID +0.08

gt +2.87 -
MC sample size +0.24 0.2
Single candidate selection +0.55 +0.3
SCF ratio g1 e
B’s of peaking backgrounds gy +0.1
777~ background yield 0 +0.0
Signal model il = =1
GmgCe! o5t %02
BB mode! 1 i
7+7" model 026 o1
Peaking model e o
Interference +1,20 +0.5
Data-MC mismodeling i o
Fit bias +1.03 41,2
foo HeT B
Nergs) +1.45

Total systematic uncertainty T s
Statistical uncertainty Tage B

TABLE VII. Systematic uncertainties for S and C.

Source 5[1072] C[1072]
B’s of peaking backgrounds Bp +0.1
7z background yield +0.9 e
Data-MC mismodeling o i
Single candidate selection +1.3 +1.9
SCF ratio i Hd
Signal model i) i
g model Tt +0.2
BB model +0.9 §5
7t7” model £0.1 +0.0
Peaking model e i
Fit bias +2.0 +0.6
Interference +2.8 +1.7
Resolution i i
At PDF for ¢ and BB ¢ i
Tag side interference +0.5 e |
Wrong tag fraction s +0.5
Background CP violation s 21
CP violation in TP signal o e
Tracking detector misalignment +1.4 +0.5
7o and Amy T =o f 1
Total systematic uncertainty e e
Statistical uncertainty +18.8 #12.1
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New Flavor Tagger algorithm - GFlaT Phys. Rev. D 110, 012001

— Flavor tagging (B 0 / BY) is based on the properties of final-state particle not used in B
reconstruction

e.g. lepton charge in BY DU@VMX or kaon charge in subsequent ) — K@Y

B = D;O, X D — K9y

— at Belle, based on multiple discriminants a

00 Belle Il simulation

multi-dimensional look-up table is used to determine 5000 F —— B9, GFlaT _
Biag flavor along with its quality (dilution factor) N § — BY GFlaT
© 7000 |
_ o ; BY, category-based
— at Belle II a novel algorithm, based on 5 6000 —o
. s B, category-based
graph-neural-network is developed 5000
. | o i3 4000
— it increases the effective tagging efficiency T o0 b
from ~30% — 37%! 2
~0 8 2000
q=—1— B tag Looo b
g =+1— B tag

. .00 —0.75 —0.50 —0.25 0.00 025 050 075 1.00
r € [0,1] - tag quality qr


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012001
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