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SuperKEKB - - ()

Interaction
Region Belle Il detector
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Beam current' KEKB x ~1.5
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Beam squeeze: KEKB / ~20

o¥ = 48/62 nm

(Jy* — 940 nm
B* =59 mm By* = 0.27/0.3 mm
y

o * = 147/170 pm o * =10.1/10.7 um



RUN-I & 11 (2019-2025)

Belle Il Online luminosity Exp: 7-37 - All runs
118 I teorated liminogity T
— mam Recorded Weekly 600
lﬁ 15.0 s f L pacoried At s 5OGAG T L] st .
? - 500 é
8 12,5 [, B9 SO >
g - 400 5 —_— S
% 10,0 oo TR L . g * Belle Il achieves hlgher statistical power than
R | (N | — 30 ¢ | Belle & BaBar due to improved detector & modern
g > | analysis techniques. ‘
- PR N || | | W— F200 £ |* 1/fb of Belle Il data is worth 2/fb of BaBar or
= ° Belle data*.
o | o B = 100 ® Much effort ongoing to shift this fraction even
| further with new triggers, better reconstruction,
! Y novel ideas etc.
S — —
Date

Run 2 of experiment started Jan 29th 2024 Collected ca. 0.55/ab = BaBar

— During Run 1: Achieved world record inst. luminosity of 4.71 X 10**cm—2s~!



* Devoted significant fraction of running time for
SuperKEKB: : : . A
10%L uerkEK Luminosity frontier machine studies to understand instabilities.
i @ Super L . .
| ogag & | cepe ¢ e collider * Sudden beam loss leads not only low lumi. but also
ol T v . detector damage
3 - e FCC-ee
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4? 1033 : o BEPC-II p (R
g o DAFNE e 'evatron
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— 1032} CESR-C HERA(ep) i
o VEPP 000 o« metn | collimators
o VEPP-4M@® PETRA o LEP D02V1 top side (95 uSv/h)
1031 . e BEFC T — —
o SLC Kt
CMS Energy (GeV) =

Removal improve beam stability

Accumulate ~1/ab in 2026b, 4 days per 3 week for machine tuning, study...

SuperKEKB & Belle Il goals until 2032 — | ~ 2% 10 cm™?s~! & collect 5-10/ab |




Full Event Interpretation (FEI)

- Reconstructs this 5,,, in roughly 10000 channels

tag-side

» First reconstructing low-level particles (K, x, .. .), then
intermediate D mesons and finally B mesons. 71)—{1(43) ;
* Most-likely particle candidates are selected using pre- Pt

trained multivariate classifiers SO :

Hadronic tagging
Full knowledge of B
kinematic

“m --=-- FE]

\ —— FR

tog

Semileptonic tagging
Partial knowledge of

B,,, kinematic

Ajund
efficiency

Full Event Interpretation (FEI)
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Belle Il advantages

\ 078808 6.8.08% 6,858 66 & eVl
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Asymmetric collision (boost effect): better measurement on displacement. (Belle |l:
Az ~ 130um, Belle: Az ~ 200um)

(Good vertex resolution: 15 um; 2 layers of PXD and 4 layers of SVD.

Coherent BB pairs. Graph-neural-network based algorithm to determined the tlavor of B"/BY
High tagging efficiency (Belle Il: €,,, = (31.7 £0.4) % ; Belle: €,,, = (30.1 £0.4) %)




B’ — KJ/w ANA 101

 GFlaTl, Graph-neural-network based algorithm to determined the flavor of B'/B°

* Use info. of all charged and the relation between them

Belle II J Ldt=362fb? 500

Candidates per 0.05

7000 — [ ﬁellé I'I o '0 | _ R
| — MC n | t Bag (@= +1)
| Dpata Q ool [rdt=36270 41 ot Belle Il (362 fb™%) Belle (711 fb!)
o | BO-/yK? gg | PRD 119, 012002 (2024) | PRL 108, 171802 (2012)
1000 ~ 300 | ] S 0.724 + 0.035 + 0.009 0.670 + 0.029 + 0.013
Q
3000 5 200 C  —0.035+0.026 +0.029  —0.015 + 0.021*3:333
o
2000 | |, oy =
PPN P Tt *‘JJ 2 100
1000 ()
U ]
T ——————— < | Comparable uncert. with Belle.
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g o A | Extract¢p;, = (23.2 1.5 £0.6)
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PRD 110, 012001 (2024) At [ps]


https://link.aps.org/abstract/PRD/v110/e012001

¢,/ f measurement

® |t's the most precise angle (22.2 = 0.7)°, what can we do more?
® b — sqgq(qg = d, s), gluonic penguin process. More sensitive to New Physics.

. ﬂ |
A% A%

: S , N

* o P

' SMpenguin T~ 3 T 3 off |

’ d o SV =sin(2p,)+AS, AS may come from SM or NP

measure AS, compare with SM’s AS —> hint from NP.

i ; » Using precise W.A. sin(2¢,) = 0.699 = 0.017,




channel S_meas C_meas
BY —» Kn' 0.04+0%> +0.10 —0.06 = 0.25 £ 0.07 PRL 134 , 011802(2025)
BY = n’Kg 0.67 =£0.10 £ 0.04 —0.19 £ 0.08 = 0.03 PRD 110, 112002 (2024)
BY - 7K 0.75+023 + 0.04 —0.041)12 £0.05 PRL 131, 111803 (2023)
B? - ¢K? 0.54 + 0.261)0° —0.31£0.20 = 0.05 PRD 108, 072012 (2023)
B? —» K{KJK{ —1.861)7¢ +0.09 ~0.221039 + 0.04 arXiv: 2209.09547

* Consistent with world average and SM expectation.

. B > n’Kg provides the most sensitive results up to date.

 Smaller data size but equivalent uncertainties, sometimes better.



https://link.aps.org/abstract/PRD/v110/e112002
https://link.aps.org/abstract/PRL/v131/e111803
https://link.aps.org/abstract/PRD/v108/e072012

Sin2¢1: BO N ]Z.OJ/V/ Belle 11,::1:111 (2025) 1,012011 Loop > }Jl

S = —sin2¢,, C = 0 if there is only tree amplitude
Tree is color and CKM suppressed. B’ {

b ¢
C{_\\ /} Tc(} Ci—’—,—(i
C

. Can be used to understand the loop contribution in BY — ]/I/JKS

0

Improved sensitivity by the better 7~ selection and GFlaT

AE — M(£*¢7) fit to extract signal.

- Belle II & ¢ Buclg=+1)

wnf JEa st SNy e | S = = 0.88+0.17 +0.03,

B 0 —> .I '," ’Z'/f.'i't' 0

\

first observation (J3o) of non-zero S
(mixing-induced CPV) in this mode

C= 0.13%£0.12 £0.03,

Candidates per 14 MeV

—-""
—‘
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SRS T gt /L | B =(2.02+0.12+0.10) x 107>
[: i b JIX % - '
- = OF
5 = | Consistent with WA &
E - - comparable precision

Candidates per 2.0 ps




¢3 measurement Bt D(*)h"'

¢$3 = arg(—V,aVup/VeaVep)

appears in CPV parameter of b - ucs and b — cus tree decay interference.

u Po A(D°K~ -
D c/l((TI(_)) = Tg exp(l (53 — ))

_ W-
B S K_ rg = [AD°K)|/IAMD°K)| = clV.sVip /VusVey| = 0.1 (cf : Color suppression factor)
'l_l < U dp: Strong phase difference between 2 modes
W- K Methods to measure ¢ using different D° decays
S * GLW method: D® - K*tK~,K%m° ( CP eigenstates )
B- b > ) 0 * BPGGSZ method: self conjugate multibody decay, ex.) D° = Kgh*h~
oy < i * GLS method: D® - KOK*m* ( singly Cabibbo-suppressed decays )

» ADS method: D° —» K*rt

12



¢»; measurement B+ Dt

First Belle + Belle Il combined @, analysis

Combined analysis using 4 methods

Fit results

Parameters ?3(°) o 627(°) e 427 i o gl
Best-fit value 75.2 0.115 137.8 0.0165 347.0 0.229 342
68.3% interval [67.7, 82.3] [0.102, 0.127] [128.0, 146.3] [0.0113, 0.0220] [337.4, 355.7] [0.162, 0.297] [326,356]
05.4% interval [59, 89] [0.089, 0.138] [116, 154]  [0.006, 0.027]  [322, 366]  [0.10, 0.37] [306, 371
Inputs for ¢p; measurement
B decay D decay Method Data set (Belle + Belle II)[fb_l]
Bt — Dh* D - K{r’, K- K* GLW 711+ 189 1o o
Bt ->Dht Do Ktn Ktnr 7 ADS 711+ 0
Bt - Dht D-— KK nt GLS 711 + 362Belle I
B* — Dh* D — Koh~h* BPGGSZ (m.i.) 711 + 128 Belle i
Bt — Dh%t D — K)r—ntx? BPGGSZ (m.i.) 7114+ 0

D*—)DWO D — K%% K% Ko

B* - D*K* K-K+, 1r‘,1r+ s B Asl, GLW 21040
Bt -+ D*K* D*— D% Dy,D - Kdn—nt BPGGSZ (m.d.) 605+ 0

Belle + Belle |l ;

JHEP 10 (2024) 143
¢3=(75.21+7.6)°

Belle + Belle IT (2021)

1.0 }
0.8 |
— !
O N6k
I .
— 04} g 39
0.2 -
L 95.4% :
0.0 e —— -
50 100 150
b3’ ]
LHCb:
¢$3 = (64.6 +2.8)° LHCb-CONF-2024-004
3 107 T T T R R
L) 2008 B¢ decay
| II;F‘LII-IEII(H:aP/ = g‘ rltm

i 0.8F Summer 2024

<ays
B All Mcdes

% 50 60 70 80 90 100 110

7 [°] (P35 =

Dominated by LHCb, but Belle+Belle Il does improve the precision.
Uncertainty could be reduced to 3.5° with 5 ab™! Belle Il data 13



¢,/ @ measurement

* Least well known CKM angle with WA (84.1132)",
Uncertainty dominated by B(B" — 7'z") and A op

* Extract from b — uiid process, like B — nr, pp, pr

B’ - f)-TBY - f)
['(B° = )+ T'(BY = f)

* Using b — u tree decays (e.g.BO — 7z+7r_,,0+,0_),

S =sin2¢p,and C = 0.

* Due to the interference between tree and loop b — d,

S =sin2¢p, +2A¢,,and C # 0

Tree

S o

= — C - cos Am At + S - sin Am At

Isospin relations

Tree Loop
ntm O O
4.0 O % (: Large contribution
L) X: No contribution
7070 /\ O /A\: Smaller contribution

Granou-London isospin relations
%A(B0 »atn”) —ABY - 1'% = AB* - ™ r?)

\}EJ(BO >natr )= AB? - %79 = A(B* - n*n?)

; -
g*\ N ’“Mﬁ}/ D ‘\./65
':]Tz‘_,-"""“it;& Kl%n =i " l."‘ ;;O

r(
N, 2

A(BT — 7.'_71'0), Z(IihL — fr*ﬂ'o)




¢,/ @ measurement

BO

0_0

—> T T

* Use 365/fb Belle |l data
* Photon-BDT to reduce fake photon & beam BKG
e Calibrate BY flavor with B — D(*)_ﬂ'_l_

B(107°)

ACP

Belle ll

1.25£0.20%x0.11

0.03 £0.30 = 0.04

Belle

1.31 £0.19 £0.19

0.14 £ 0.36 = 0.10

* Clear impact on ¢, from 7z system
* Reduce interval @68% C.L. by 10°

* 30% improvement on ¢, precision.
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PRD 111 (2025) 7, L071102
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/o measurement

BY - p+p_

* Smaller contribution from loop than

B — nr, pr, ax

* More stringent constraint on ¢,

* Two step fit

* Extended fitto AL, m_+_o, COS0O o

extract B, f;

* fitto At, g, rtoextract §, C

I 1o

— = Long. signal
-==+ Trans. signal

=== Self crossfeed

- Peaking backgrounds

80 F -
“/zdr= 364 fb !

[Belle Il preliminary p° (4 +1) |

0875 <r< 1.0 _

= 0 —_— -
- = ;
af N I
M B I
-6 -4 -2 0 2 4 6
At [ps]
B(107¢)

Belle i 29.0%33 *33

Belle 283+ 15+15

BABAR 255+21%33

" Belle 1l (Preliminary) B—pp ( WA + Belle I1)
[y — [92.6732]°
08 | 1
0.6 | -
- ! !
— 4 " -
0.4 F -
B8 30 e :
0.2 b -
....... 0.8 oo et e
0o IR : s e 1 s

20 a0 60 a0 100 120 140 160

(,’)3 7

Events / 1.0 ps

80

60

BB WO TT { Data
1 —  Total
[Belle II preliminary B (g 1) -
W N 0.875 < r< 1.0 ]
| dt =364 e ”
b-) -4 D—
b = D_
2
=
¥
>
-
==
8
2
z
>
v
<

fi

a” 0.024 0.01
U. )hl-u',l:.—u -0.015

0.988 + 0.012 + 0.006

0.

992 + 0.024 +0.026

—-0.26 +0.19 + 0.08

—0.13 +£ 0.15

100

| Belle II preliminary 5 B'tag 1

j_/L' dt = 364 b ¢ B'tag -

=
o w

|
=
W

—0.02 + 0.12*)08
0.00 + 0.10 + 0.06
—0.17 + 0.201392 0.01 +0.15 + 0.06

+ 0.05

B — pp world average
P2 = (91-5%:2)0

B — pp world average

+Bellell p™p~
(92.62%3)°

2 P

results 6%1‘
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| V.| measurement —]

g°inB — X fv | 1

* Alongstanding discrepancy btw. |V, |. . and |V,

bl @bout 36

JHEP 01, 147 (2014)

* A novel and alternative method to determine |V, |. . to avoid proliferation of
theoretical parameters, but need spectral moments of the lepton mass squared

q* = (p,+p,)* = (pg — Py)*.

* Belle reported g measurement for g > 4 Ge\_/2/ c*, covering 58% accessible
ohase space, with full Belle data (772 X 10° BB events)

PRD 104(2021) 112011

»10°
A

x10%
N Lk ottt e e e
< g5 |¥ _I_ BN Other Backgrounc _ s _I_ EEE Orher Eackgrounc
3 Continuum . [ . (=3 Continuum
. e t Dama Lar ' { Dat
R —
o~ L ] ~N 5 L]
z c :_hamcl i % 12| # channe
1.9 1 0" > 3.0 GeV 72 = a2
U 1.25 . o , 7°>3.0GaV
A ~ HOr
M 100} o
]
— — 0&}
~ —~
Z Loef .
< c
- o O -
- -
LU | . 04 .
0 02 '
0o — 18
0 5 ) 15 z0

- l.' I..-, -
g (GeV?) g2 (GeV?)



* Similarly work was done with q2 > 1.5 GeV?/c?, covering 77% accessible
ohase space, with 62.8 fb~! data collected at Belle IL.

Belle 1l -
9F [Ldt = 62.8 b -
1 th on
moment -
8t en
s ]
én
7 9=
¢0
4o
6 ¢
¢
%y ¢ Measurement
5| oy s  x- Model
2 3 4 5 & 7 g
aZ, [Gev?/c?]
Belle 1l ¥
800 | ,
JLdt = 6280 ! i
700 E o
Hrd
B™ moment .
600 F -
éa
500 -
eo
400 ¢
%a
va
300 b t ¢ Measurement
éo o ¢ Xx- Model
200 - 1 1 | | 1
2 3 4 5 5 7 8

PRD 107 (2023) 7, 072002

0F Bette 1t 47
[Ldt = 62.8 b1 o2
80 F
"~nd o
_ moment .
:\ 70 F [ 3=
O
: | "
8 60 éc
~ T
T oenl b
g 50| o
pos
40 | o
" %o $ Measurement
| $4p e x- Model
30 ,
2 3 4 5 6 7 8
as, [Gevé/c?]
x10°
8 Belle I 4=
JLdt = 6280 !
7 F ¢
ey 4th t 4n
=, 4" momen
L t°
2 5 ¢
- o
= 4r ¢o
% N
¢0
3k +n #u
o ¢2 ¢ Measurement
PR ¢ x.Model
2 3 4 5 6 7 8

DD

</[O

Belle II

With the q2 moment provided by Belle and

Belle Il, |V, |, , reported as:

* |Vl =(41.69+0.63) x 10~

1n

° ‘Vcb‘

incl.

JHEP 10 (2022) 068

= (41.97 £0.48) x 10~

THEP 02 (2024) 206

where the latter includes 0(%2,50)

corrections.



| V., | measurement

| V., | withB — D*¢v

* B - D*{v provide most precise | V., | measurement

* B - D*{v is parameterized with the recoil parameter (w)

and three decay angles (0, v, 0,).

* Combined Belle and Belle Il measurements and fit

(HFLAV2023)

PRD 108 (2023) 092013
PRD 108 (2023) 012002

* extract |V, | in different LQCD input scenarios

BGL |V| x 10° |Vg| x 10° x F(1) F(1) LQCD Input
332 40.0+£0.7 360405  0.900 +0.008 ha,(w), Ri(w), Ra(w)
210 40.2+0.6  360+04  0.897 4 0.009 ha (w)

210 40.24+0.6 360404  0.80540.007  ha(1) = F(1)

1/rdr/dx

2.5
ha,, R1, Rz BGLs3z 1) BGLayg ~
xZi/ndf=72.0/60 x¢/ndf =466/ 34
p=0.138 p=0.073 ' ' '
RPN 48 49 5.0
12, BGL 1y Our Average
2.0 mm 2 /ndfi=525748 @ X' /ndf=424/34 B [%]
p=0.178 p=015
w cos 6; C0s By X
1.5 - o
®
®_®
0.0 — ey, \ /
o ~ ® ® ®
/ N P \ / s ° °
1.0 1 ® .\ ® ® \ /
° U e @
\ 4 \. ./ el
g L
0.5 - /
'o
o047 T r T T T T T T T T T T T T T T T T T T T
Vo on oW DN GcC N TOoCO DGO DOoGCDO0GCODGCCDOGCDOMA-MSa:mMA-T-RCO W )
e B R T B e T B T B A B L e = - = BT T BT A BT R
HHHH—HH'—‘HHC.:Q'Q\-OQCJH\.‘-JQ' HHHHHHHHHHHHHHHHHHH
§igMEdRrsdgggesgnssggggigRs388d£8dnrgdd
S o oottt seoneg Ra0288nsvg 8808028800280

20




| V., | measurement

|V, | withB — D£v -

® Phys. Rev. D 93, 032006 (2016)

3 - ¥2 / ndf = 10.6 / 12
p = 0.56

* Disadvantages:

®* Smaller BF (~2%, ~5% of B — D*{1)

* Background from B — D*{v.

|

* Advantages: 1.0 1.2 1.4 1.6

* Smaller theoretical uncertainty in form factor. wll]

With Belle result, HFLAV give

* Smaller experimental systematic uncertainty.

dT'(B— D¢70,)  Gimp V| = (38.9+0.7) x 1072

dw 4873

(mg + mp)*(w? — 1)32p2, G2(w) |V, |7,

21



V_, | measurement

b‘ Wlth B — ny PRD 112 (2025) 112009
With 365 fb~! Y (4S) data collected at Belle I

After B — D*{v and continuum suppression, S:B = 1:4

2 2 2

Reconstruct in bins of w = vy - vy = e [1, 1.5]

°
2mpmp |
x10* | Belle I/ £dt =365 b !
L4E B+ 5 Doetv, x2/ndf = 335.4/318 B
1.2+ Postfit : -1:,-.,.(.‘ D :
Lo ﬂ e E,
’g().ar | | 2 S
0.4} I]‘II|LI I"II-
0.2} 8 ——3 — 0 |
& _' 3F |
-1 “*H* ”*'fﬁ““*“*ﬁ kia f+“++ ++w++*¢+*¢++++“¢+4+*+; ++“+++++¢++*++i*++¢+++;+++++++*+4+{
sl -3¢

0 20 T 60 80
(cos Oy, w) bin

From inclusive tag
Belle 1T [Ldt=365"

(0.12)

Events /

Nue

Nata

20000

15000

10000

5000 |

N
- I
[ T
-
-
e

B — Div Bt — D%ty
R—D"'fu Prelil
True D
[ake D
Continuum
MC all. unc.
Data




dl'/dw [10~P GeV]

* Summing differential decay width over w, we get

* B(BT — D%, = (231 £0.04 £0.09) %

* BB - D ¢*v,) = (2.06 £0.05£0.10) %

-- . Measurement Theory input from
Belle II.‘[ Ldt =365fbh! l LQC[r)y P
lo 'l]];\\"\"r(-|>| x 10 =39.4 4+ 0.8 ‘
2 x?/ndf = 9.7/9 dF ¢
3 _ 2 2
A = |V, [* X F2(w)
BCL (N = 3) I I dW C
I Data
)
[) “«— o
$ @
>
2023 Belle 11 B? — D* + fu
! &
) m
* o
] &,
AAAAAAAAAAAAAAAAAAAAA 4 é

1.0

1.3 1.4 1.5 1.6 36 38 ) 12 1

PRD 112 (2025) 112009

* Lepton flavour universality

Pl — AB(B — Dev)
B> Duw
= 1.020 £ 0.020 £ 0.022

Use BCL expansion of the form factor,
we obtain

[Vl =(392£0.4£0.6+0.5) % 1073

]

stat.  syst.  theo.

® Consistent with Belle and BaBar’s results, but
2.1% total uncertainty improves.

* World’s most precise fully exclusive
determination of |V, | !




New measurement of inclusive |V , |

XIOG '''''''''''''''
B — X0V | xiv2512.08056 3 20f = a0
> : I B-n'tv 3

" 2. 1.5 _ 1 B-nlv
« |V .| is hard due to background from B — X v S Lol = 5-ot ‘
g | - e
C Uor
* X O(100) more abundant -

* Very similar signature

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

* high momentum lepton, hadronic system, etc.

=
9y
- —r——

* Clear separation only in corners of phase space

o
(&)

Events / (0.04 GeV)

* high E,, low M

O

(-]

12 14 16 18 20 22 24 26

EP [GeV]
Theory error gets large Theory error gets small
Experimental uncert. small Experimental uncert. large
. _ Start from 1.0 GeV, rejects events populated by

high cut .
igh cu low cut 24 continuum and fake secondary lepton events.


https://arxiv.org/abs/2512.08056

* 30 variables based MLP to reduce continuum background.

» reject 95% of continuum and retain 68% of X,

» 9 variables based MLP to reduce B — X .£v

Belle Il Simulation

«1o:Belle Il Preliminary

arXiv:2512.08056

| £dt=365fb"1

1.40 -

E7 > 1 GeV
1.20 -
52
1.00

----------------------

vvvvvvv

Continuum 7 Div @l
Fake [ X,[Av .
Secondary / N Xulv X10 [ 7
D(';;ptv Emm  Uncertainty 2000 |

Data }

D™ 'tv mm
Dtv wmm

Ef>1GeV | 1 B-X,v =
=" ] B X v
£
io.a
Zo ! 2 E15fE T ' '
o N 2%% 0% . .
5 Miss = (me ~Px - P:’) ~my; = 0GeV D 100 EomndSess % efititaten tipans
2 02 S B B ey
o L © o7rskk  §8 . 1
= . - ’
Do . 0.000  0.125 0250 0375 0500 0625 0750 0875 1.000
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https://arxiv.org/abs/2512.08056

Two dimensional fitin g* : E,

With Eblj > 1 GeV:

«10:Belle Il Preliminary

[edt=365fb"1
I Rttt

2.00 u
] Other backgrounds

1.75 W 8- XJAv
B B8-X,fvin
g: Uncertainty
¢ Data

1.50

125 B |
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I
I
I
0.75F |
I
I
I

EFf€[1.6,1.9)
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EP>1GeV

FEE[1.9,2.7]

/

AB(B — X, fv) = (1.54 £0.08 £0.12) x 10 °

Belle Il Preliminary

arXiv:2512.08056

This §

measurement BLNP >

EP >1 GeV DGE -E'
87 % GGOU ——-—-—-ﬁ

BLNP : |

E; >1 GeV . ;

My < 1.7 GeV DGE

GGOU +——— =

57 % |

BLNP — b

E; >1 GeV :

My < 1.7 GeV DGE . :

g2 > 8 GeV? i

GGOU o ]

31% ;

HFLAV inclusive ¢

HFLAV B - miv —

20 25 30 15 '4fo.' - 45
IVubl x 10°

|V, | =(4.01£0.11 £0.1670°7) x 1077 in GGOU framework

—0.08


https://arxiv.org/abs/2512.08056

" Belle Il B Signal = X, tv Signal x2

30F 3 Comb Signal mmm X.fv w4 MC unc.
- Jedt=36af07 o o ’ o B ¢ Data
L Bttty Em Other 8B

55 | f el @Em Continuum

| | measurement

O 5 27 ¢tw&BT - p% v PrRD 11102025). 112000

104 Events / Bin

Easily mis-identified each other. Simultaneous
measurement provide additional constraints.

e Untag partner B meson. High efficiency but low purity:. H U SS USUET TS TS T |
AE [GeV]
° EStimate p[/ by attribUting E & p from ReSt Of Event Belle Il B Signal =3 X, tv Signal x2

(R E) 2.00 IL‘ dt = 364 fb—l 3 Comb Signal X fv v/ MC unc.
- . iy mmm Other BB ¢ Data

k Xk _ —) . ok ok | et . v @ Continuum
(EX oPh ) = (B Y45y P Y(4S)) ( 2 E Z P;)

* \ery restrict to reduce beam background / acceptance 075 e

loss, etc. 0.50
0.25 —,_!_‘—/—

1.50

1.25

104 Events / Bin

* BDT to suppress continuum background, variables e 5
including event shape, kinematic and topological oz ° : e .
SIS s b

Variables are Used_ 57 —075 -0.50 -025 000 025 050 075 1.00 125
AE [GeV]



103 Events / Bin

10° Events / Bin
o nO — N w S w ()} ~J

aodtd

ODdld

1 w

w

o nO

|
w

|
w

N
YI'I'

-
L) L B

- Belle |l | — -1
- Bonlv: | Boplv: JEdi=3641
- . Signal WM Other BB { Data : @ Signal @ Other BB

- O Xty B Continuum : mm X, v B Continuum
E-XJV I . i::&tv

PRD 111(2025), 112009

Belle |l
B-mfv:

B Signal WM Other B8
O X, fv BN Continuum

| X Py

I

I

' B-oplv:
) Data:

| . X, v

| O Xty

[rcdt=364fb"

BN Signal EEE Other BB
B Continuum

. Simultaneous fit to AE, M, . and g in 460 g~ bins,
(13+10) of g%, X 5 of AE, X 4 of M.

Signal yields are obtained in bins of q2

Total BFs determined from the sum of
partial BFs:

e BB - n¢*v,) = (1.516 £0.042 £ 0.059) x 10~*
e BBt — p%¢*v,) = (1.625+0.079 £0.180) x 10~*

Consistent with SM.



N
Determine |V, | by minimizing y* = Z (AB;— AI'7)C; 1(ABJ- — Al'7) +)(t%16()ry,m

: Belle 1l IL- dt=364fb~ !
-—8:- [ BY=n %y,
“l‘ |
> o
Q e
O sl
= |
O o
H s
X 4
.

S _} LQCD
g 2 = BCL 30
T [ mm 1o § Data
20
o I T TP TP TP T
0 5 10 15 20 25
g’ [GeV?]

LQCD only: ‘ Vub ‘B—)ﬂfl/f

dB/dg? (x10°) [GeV™?]

iji=1

" Belle Il [

o w

o8
T ™

[cdt=364fb!
BY—sntty,

 LQCD + LCSR
—— BCL 30
. mm lo § Data
20
" TR RS ST U BN TN T T NN SN SN U NS NN TN N NN
0 5 10 15 20 25

g’ [GeV?]

=(3.93+0.09+0.13+0.19) x 107

LQCD +LCSR: | V|5, .p, = (3.73£0.07 £0.07 £0.16) X 107

‘ Vub ‘B—>pz/”1/f

=(3.19+£0.12+0.17 £ 0.26) x 1073

PRD 111(2025), 112009

4F
1 - Belle 1l Bt - p%ty,
- ' = -1
'_‘lz_fl.dt-364fb
o8 i
%10'_-
) i
s 8F
= i
— .
X 6_-
Nc. i
s f
< - LCSR
© 2F — BSZ 20 § Data
i e 1o 30
O e
00 25 50 75 100 125 15.0 17.5 20.0
g’ [GeV?)

Both consistent with previous exclusive

measurements, despite of a lower |V, |5 ., -
4

Large uncertainty from limited off-resonance

data & B — nrntv,.




|V . |/| V., | determination

» Despite that |V , | and |V, | differ significantly by inclusive and exclusive measurement,
|V ., |/| V.| from inclusive and exclusive in excellent agreement. ———————g——

LHCb

« LHCDb reported |V ub 1/|V b‘ with BO K_,u+1/ﬂ and Ag — p,u_yﬂ. f“jcffvva - LCSR (Khod.& Rus 2017)
BO —>K p*v ~e LQCD (MILC2019)
|V I/ Ve laxe = (94 £0.5) X 1072, e
— PRV, e« LQCD (Detmold2015)
. i . 1 ) q* >15(]eV/cJr
Vil T Vepline = ©-8%0.6)x 107 Vil Ve | (PDG) ™
+ _2 ) .‘ | | ! CKc. ] : | . ] . ! | .
V.1V, ‘LHCb (8.4X£0.7)x 107=. L - -

[V [V

cb‘
* |V, |/|V.,| determined with full Belle data, converted into Belle |l data format

PRD 111, 092016 (2025)
* Use Belle Il software technique, FEI, to tag hadronic B.

®* BDT to reduce duplicated tracks with low momentum / continuum background.
30



Calibrate non-continuum background:

Secondary & fake lepton enriched area:
E,* €[0.7, 1.8] GeV & My > 2.0 GeV

Slow pion veto:

Find a slow pion, then £ « E_.
M?. (D*) > —2 GeV?
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/
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Constrain B — X v contributionin B — X v

 Poor agreement btw. data&MC in kinematic quantities modeling.

« Divided into 4X4 bins with equal X yield to ensure each sample is large enough for a data-driven approach to
constrain B — X_£v contributionin B — X £v.

x 10 ‘ , , | '
¢ [GevI<2.71 [ 2.71<¢® [GeVT <496 | 4.96<¢° GeVZ <751 | 7.51<¢® (GeV?
L2F  §  Data 1 t |
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— * ! L 4
=i I I [ e
< X fl/ — v . ¢
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Events / (0.1 [GeV])

bo

| hlll ) |
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Yield NX/I/ — Ndata _ nqc'] _ ;,ISec.Fakes . a;,,Xufy by counting

AB(B — X, £0) €XVNXut?
AB(B — X £7) XV NX LD

V.| |AB(B - X,£0) AT(B — X D)
V.l V\AB(B - X .£0) AT'(B — X, £D)

Consider two predictions of partial rate:

BLNP & GGOU

Vub BLNP

Vv , s (981 - 0'425tat - 0-383yst — O'SIAF(:BAX,,,L”I_/)
+ 0.20Ar(3-x,25)) X 1072,

V A GGOU

V"b = (10.06 T O~433tat T O°39syst + 0.23 AT (B—X, D)

0.20Ar(3-x 7)) % 1072,




|V . | measurement

Extract |V , | with BT —» 771

PRD 112,072002 (2025)

O In SM, branching fractions of BT — t7v_provide direct measurement
of |V |, independent of in- and exclusive semi-leptonic B = X £v.

T
2
mg

ST

2
+ + G}%mBmE m2 ) 2
B(B —> T I/’L‘) — 1 fB ‘ Vub‘ TR,

o With (387 = 6) X 10° Y (4S) events collected
/2% of 7 decays

+ + = ot +, =
TN = eV, T = YU,

extra

O Separate signal/background with 2D-fit: £~

on Belle. covering

+ + + -
T >n'v,and7 —p'U,

and M?

miss
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Belle IT Simulation Tt —etv.r,
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Belle 11 Preliminary
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e S0 X3() Fit UInc.
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Events/Bin
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Belle II Preliminary ~——— Sig x30 7 Fit Unc.

—

— Tot

10 -5 0 5 10 15 20 25
Mz... (GeV?/c*)

O Evidence (30) for signal with

% = [1.24 +0.41 (stat.) £ 0.19 (syst.)| x 107

O Use fp = (190.0 £ 1.3) MeV, extract

| Vi | e, = |4:41

+0.74
—0.89

| x 1072

PRD 112, 072002 (2025)

94 + 31 signal yields

SM SM
|\' |1||
:1} | I l | 1 ' I | 1 | I
I
- - Belle II (365 fb~!, hadronic)
U
i 1.24 £0.41 £0.19 Preliminary
it
it
i BaBar (417.6 fb~!, semileptonic)
it 1.7 0.8 £0.2 PRD 81(2010)051101
I
I
i o BaBar (426 fb~!, hadronic)
¥ 1.83 %375 £0.24 PRD 88(2013)3,031102
I
I
(M | .
ol Belle (711 fb~!, hadronic)
I e e}
o 0.72+047 £0.11  PRL 110(2013)13,131801
i
I
g Belle (711 fb~!, semileptonic)
it 1.25 £0.28 £0.27 PRD 92(2015)5,051102
U |
I
1 | | ]
2 1 §) 8

B(Bt = 7t1.) (x107%)




|V .| with 7 decays

O 7 decay provide an alternative approachesto |V, |

o Vio Kigy N = 24141

0.2233 2 0.0005 O All 7 based |V, | determinations are lower than kaon and
a i g CKM unitarity results.

—— CKM unitarity & V_ &V,
0.2272 + 0.0011

e : = X,v [OPE-1] O Measured BFs of T — K(&)v are lower than predictions.
0.2184 £ 0.0018 £ 0.0010
—— T — X,v [OPE-2]
0.2219 £ 0.0022
T — T — XV [latt-disp]
0.2240 £ 0.0018
——1 T = X,V [latt-incl] ole'e -1t 1)
0.2189 + 0.0018 + 0.0007 i
H—e—H T >Kv/t—onv o | | Mammnoe crd . _
0.2229 + 0.0016 + 0.0010 L L _ .
. e am .~ Smaller cross section but high &
0.2224 + 0.0016 + 0.0008 | o ,'\|
h—e—4| t exclusive average | _ * 1 S. Gentile, M Pohl f |
(_).2225i0.0015i0.0008 ; \ SpeCIfIC deS|gned T tngger
—e—ij . average | : fo
| | 0.2208 + 0.0013 + 0.0005 _' N
0z, 0% % | N /| — More accurate measurement
N ossice of 7 decays and help to better

s constrain |V,



Summary

Belle II publication per year

Experienced many challenges: operation,
B pub. [ PRL 70

rising cost...

But, still lots of achievement! >50 publication 52.5
in 2025.

35
Make good use of Belle |l unigue advantages.

17.5
Now ~600/fb data, push to 1/ab before July.
5-10/ab till 2032 0

o Provide more stringent constraints to CKM
elements & angles.

Thanks!
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THE GOOD NEWS
IS THAT MY DAD
HELPED ME WITH
MY MATH
HOMEWORK.

SO, WHAT'S
THE BAD NEWS?

THE BAD NEWS
IS THAT HE
WORKS AT

THE FED.




Why matter dominant universe

Matter Anti-matter

Matter dominant universe

I7=An8/ny~1 0'1 0
WMAP and Plank observation
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SuperKEKB & Belle Il goals until 2032 — | ~2x 10*>cm™s™" & collect 5-10/ab

SuperKEKB:
10361 SuperKEKB Luminosity frontier
: : eTe™ collider
2030 f’ o CERC
107> | : @ [CC-ee
2 < -
—_ Here ¢ SuperKekB
—~ ‘ — ~ CEPC
" o KEKB T G lIC o H
N 24 o PEP-I o ®
W
> =
§ 10331 o BEPCII @ 3R
R o DAFNE e 'evatron
E “ e RICH(pp)
-
— 32[
10 VEPP-%O%EOSR-C o PEP e HERA(ep)
e e TRISTAN
o VEPP-am@ PETRA o LEP
Lonl e BEPC
@ SLC
1030 | | s 2 4, NP r 2o
10° 10! 102 103 104

CMS Energy (GeV)

L-LHC

SBL...

Sudden beam losses of unknown origin hinder
the collider to reach stable operations

— Cause damage
to collimators &
detector

Other challenges to
reach high luminosities:
- Low injection eff.

- Low beam lifetime
- Vertical emittance growth

collimators
D02V1 taop side (95 pSv/h)

R —

— Devoted significant fraction of running time for
machine studies to understand instabpilities



During the construction vacuum
sealant was used in many places

L eaked into interior, extended radiation
created blackened stains that outgas

Removal significantly improves beam
stability

Confirmed Locations:

- Near IR
- But also iIn HER & LER straight

and wiggler sections in MO bellows

LER DOl Bellows Chamber

R

HER DO1 Bellows Chamber

‘ VACSEAL (blackened) )
J.'\‘

HER DOZ Bellows Chamber

VACSEAL (clear color)
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Gate valve
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Location of collimators
D01 __QO1H4 po1ys, DO2H4 DOZH3 o)
T ‘ Qo \\
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Impact of cleaning in Nikko straight section supercexean wng D03V {
. : | D04
during last run (2024c) ;
e D;SLI/Z-' H
[ : Vertical Collimator, KEKB HER(50x104) type _t L ’_§_
Number of pressure bursts and beam i e il it
aborts signiﬁcanﬂy reduced after e ———————— ,/
@ : Vertical Collimator, SuperKEKB HER(f80x220) type ’ / ’
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The next run has two goals :  Push our recorded dataset to 1/ab

igl’fg Need close communication with SuperKEKB ~ _ 80% of running time
> team to balance this; physics will be priority dedicated to physics

J

Reach luminosities of ~1035 cm-2 s-1

Will have for the first time a connected | 7 month run

Schedule:  * SuperKEKB Main Ring operations plan to start Nov 5th
* Brief Christmas shutdown Dec 24th - Jan 7th

* Continue run until end of May



N. Cabibbo M. Kobayashi T. Maskawa

CP violation and the CKM matrix

Quark mixing via charged-current interactions

- Kobayashi and Maskawa predict three generations of quarks
- Three mixing angles and one CP violating phase
- Unitarity condition represented as triangles, e.g.

" e " Interaction eigenstates Mass eigenstates
VaV% + VoV +V,,V% =0 / |
dW Vud Vus Vub dm
SW — ‘/cd Vcs Vcb Sm
bW ‘/td ‘/ts ‘/tb bm
|/
V. Common CKM parameterization: Wolfenstein
- Exploit hierarchy of matrix elements
1 — \?/2 ) AX3(p — in) )
VoM = —\ 1 — \%/2 AN? + O(X%)
0.0 (1.0) AN (1—p—in) —AN 1
\ /

45 scaled apex parameters



Is the triangle closed? (Hint of New Physics?)

1995 Before BaBar and Belle 15 Mmoo ] '% T |
S - 2008, % 1« With results from BaBar, Belle, and LHCDb’s
f Run1,2 data, the triangle is still closed.
V..VE
. =P =arg(— Vv %), (222 0.7y
V. V
o +4.8\o0
¢ = a = arg(— )(852_ )
of : Vi V +
E Sammer 08 ¢3 :::::;a’o s;'}.nE
PR e T e s e h = 7 = arg(— Yud Vub) (66.2737)°
- SRR It A v 7 0
T I T HFLAV
20712 o % ~ é B\ :
1.0 5 N :

 With much more data from LHCb and Belle Il,
Amy - we could shrink the uncertainty, test this

05

= oof e E triangle and look for hints from new physics.
-o.s: "“\«j
a0l é _

SO'. W." COS 2¢‘ ‘: 0 -
(excl. st CL > 0.95) —

PR T S R T T A BT TR T RS A B R LY
-100 V. - - . - -1
- -

1.5 2.0
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