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New beam pipe
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beam current

( Low emittance
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Positron source
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New positron target .
capture section

Resistive Plate Counter (barrel outer layers)
Scintillator + WLS fiber + MPPC (end-caps
CBLinner 2 barrel layers)

CsI(TI), waveform sam

EM Calorimeter:
Pure CsI (part of end-caps
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Beryllium beam pipe
2cm diameter
Vertex Detector //
2 layers DEPFET + 4 layers D

positrons (4GeV)

‘
KL and muon detector: M’ /

Low emittance gun

Low emittance
electrons to inject
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KQ_’

KEKB SuperKEKB

“nano-beam” scheme
Beam squeezing: x20 smaller at IR)
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SuperKEKB 24-Hour Operation Summary
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1) Short beam lifetime We can not increase current
2) Beam instabilities (SBL) 1) SBL cru of SBL

3) Low machine stability 2) low efficiency injection
4) Low injection efficiency
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The CKM unitarity triangle VidVub T VeaVep 1 VigVip =

...and how to probe it with B mesons

CPVin B — 7, pp, piU

&%,O)

e BRNA CPVin B — J/YK;
Lpe s '
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O|V,,| from B® > n~{tv and BT - p%ltvy
l[arXiv: 2407.17403] submitted to PRD

OBranching fraction of BY -» ttv
[arXiv:2502.04885] submitted to PRD
OBranching fraction and CPV in B® -» 7%x?°

l[arXiv:2412.14260] submitted to PRD

O¢,/a from B - pTp~
[arXiv:2412.19624] submitted to PRD
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O|V,,| from B® » n~l*tv and BT - p°ltv O Search for Pc in pJ /Y final states
[arXiv: 2407.17403] submitted to PRD [arXiv:2403.04340]

OBranching fraction of BY -» t¥v O Search for Pcs in AJ /1 final states
[arXiv:2502.04885] submitted to PRD [arXiv:2502.09951]

OBranching fraction and CPV in B® -» 7%z

[arXiv:2412.14260] submitted to PRD

O¢,/a from BY - pTp~
[arXiv:2412.19624] submitted to PRD




IVyr| from B? - w~1*v ang

arXiv: 2407.17403

. Run 1 dataset (364/fb), untagged analysis, z~Z* and p°/ ™ are
reconstructed, neutrino is inferred

2 _ _ 2
from the missing energy and 9" = Py = Pup)

momentum in th event - Belle Il i  [rdt=364fb-!
6_—B—’th|). :B—)pfp_
S 5| o i oo Rt | ot
« Background suppression with 2 “F it : ;
multivariate methods (BDTs) § g
« Signal extraction from a .

simultaneous fit in bins of q2

Npata — Nwc

BB - z~¢ty,) = (1.516 £ 0.042 £ 0.059) x 10~*
BBt - p’fty,) = (1.625£0.079 £0.180) x 107 |
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arXiv: 2407.17403

« |V, | is extracted from a combined fit to lattice QCD and light-cone sum rule calculations

. Lattice QCD (LQCD) [Eur. Phys. J. C 82, 869 (2022)]

e Light-cone sum rule (LCSR)
[J. High Energ. Phys. 2021, 36 (2021), J. High Energ. Phys. 2016, 98 (2016)]
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arXiv:2502.04885

 Leptonic B decay with the largest branching fraction that might be affected by New Physics
2

B(BT = 1t7u;) =

ol 2

G%mpm? | m2
Mmp

. Tagged analysis using 365/fb, on the signal side e™, u*, z* or p™ — 7t 7"

are reconstructed

* Discriminating variables

o EZS — residual energy in the em. calorimeter

MI%nss — missing mass squared in the event
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94 + 31 signal events
L L |

Belle II (365 fb~!, hadronic)
1.24 +0.41 =£0.19

-

4 o BaBar (417.6 fb~!, semileptonic)
1.7 +08 £0.2 PRD 81(2010)051101

—+— BaBar (426 fb~!, hadronic)
1.831023 £0.24  PRD 88(2013)3,031102

Belle (711 fb~1, hadronic)

E====== ----_--_i:::::::::::::::::

E 0.72%337 £0.11  PRL110(2013)13,131801
1
]
o Belle (711 fb~!, semileptonic)
i 1.25 £0.28 £0.27 PRD 92(2015)5,051102
1

b e

0 2 4 6 8

B(Bt = 71,) (x10™%)

arXiv:2502.04885
World average BR goes from
(1.09 + 0.24) x 10~
to
(1.12 + 0.21) x 10~*
Leads to:
+0.38
TV _ -3
b (4.19 _0.41) X 10
+9%

Relative uncertainty: "o,

HFLAV |V, | exclusive: (3.43 £0.12) x 1073



Determination of

. Probability for B — CP—Eigenstate C: CP violation (CPV) in decay

S: CPV in mixing-decay interference

_— 1

P(q,At) < 1 + Ssin AmAt — C cos AmAt

1 tep — Lt I
_(+1 Big=B" N
q = -1 Btag — EO M(BH) — M(BL)

» In tree-level b — uiid transitions to final states zz, p, pp, ma,: S = sin 2¢),

« But b — loop contributions change this to \/1 — C? sin(2¢, + Ag,)
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arXiv:2412.14260
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—0.220.27
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arXiv:2412.19624
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==== [.0ng. signal
==== Trans. signal

Events/ 1.0 ps

Pull

NI
ST,
SEER
s/
{002

ak

FUDAN UNIVERSITY

> JWARSHITHWEIRE G, XAtHD ?E
> IRIERERERENE, X980 -

==== Self-crossfeed

40 |

[Belle II preliminary BY (= +1)
80 |- -
:/L' dt = 365 fb™*

60 |

20 f

0.875<r<1.0 ]

I ™ N 3
[ | e H Bl %
— | | I | I R
—6 -4 -2 0 2 4 6
At [ps]

Tag B

Peaking backgrounds

Events/ 1.0 ps

Pull

B8 TT } Data

— Total

BB
qq

[Belle II preliminary B (g= —1) ]
:/ﬁdt = 365 fb!

0.875<r<1.0 ]

TL)le

100

80

Events/ 1.0 ps

60 |

Asymmetry

[Belle I preliminary 5  poaq |
:_flldt =365 ¢ DB'tag |
6
At [ps]
Asymmetry

1-CL

Belle IT preliminary

arXiv:2412.19624

B—pp (WA + Belle 11 (2024))
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]‘H _ 102 M Y(1S) + 158 M Y(25)

Sci. Bulletin 66, 1278 (2021)



https://www.sciencedirect.com/science/article/pii/S2095927321001717
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Y(1,2S) BRI

Y(1S)

Y (2S)

10.52 GeV

pI/y(—e'e) pIy(—e'e) pIy(—=u'w) PIY(—uW)
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2 L
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6 L
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2
0
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4F
2l

of 1 | =
4 6 4 45 6.5
M(pJ/y) GeV/c?
T(1S) decays T (2S5) decays
— P.(4312)% | P.(4440)" [ P.(4457)% | P.(4312)" [ P.(4440)" | P.(4457)"
NA 6+8 10£11 13+ 10 23+9 30+ 13 2415
NVt 20 27 30 40 54 13
NE 849 10+ 11 1049 2449 29411 3412
Nt 24 28 31 42 53 15
NUL 27 43 38 50 7 28
B (x107%) 3.9 6.2 5.5 4.7 7.2 2.6

arXiv:2403.04340
145 —m— data of Y(1S) 222 —m— data of Y(2S)
- C sideband - 20E sideband
L2 12 ---- signal MC o 18p ---- signal MC
> R . - no-Pc MC > 16 | | T e no-Pc MC
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= 8- = 121
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» No significant P, state is obtained.
» We set upper limits on P, productions from Y (1S, 25) inclusive decay.

» We measure the branching fractions of pJ /1y productions
«  Br[Y(1S) - pJ /Y + anything] = (4.27 + 0.16 + 0.20) X 1075
«  Br[Y(2S) - pJ/¥ + anything] = (3.59 + 0.14 + 0.16) x 107°
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arXiv:2502.09951
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But we have still many problems to be fixed.

Current [mA]

3000 —m8@™m8mm™™————
2500
2000 |
1500
1000 |
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Date

We can not increase current
1) SBL
2) low efficiency injection

12/3

12/17 12/31

Overcome SBL is
top priority

nsight through Accelerators.

©KEK

S_ w9l Alisoulwn
-2~ ' sy

DG’s talk

2024 target Luminosity was
>1x10% ¢cm 25!
Not yet (half of target)

Final target Luminosity after LS1 :
~2.4x10% cm~2s~1

1) Increasing total beam currents

2) Increasing bunch current
(beam current)

3) Squeezing By

Basic problems

1) Short beam lifetime

2) Beam instabilities (SBL )
3) Low machine stability

4) Low injection efficiency




Three steps

First step Second step Third step

QCS magnet update Nb3Sn

(with FNAL)
Other optics
1 S? Detector Upgrade
Hardware
upgrade

These are not yet approval by MEXT
B



Development of the SuperKEKB IR Nb,Sn Quadrupole (QC1P) magnet

Last week
| visited FNAL

US-JAPAN
collaboration

Proposed QCS modification for higher luminosity
QC1P

QC1P 100 mm closer to IP
- Enlarge dynamic aperture of LER
- Extend the beam lifetime Upgraded ver.

Change conductor of QC1P from NbTi to Nb3Sn
- Decrease risk of beam-induced quench

QC1P

Install a compensation solenoid between the IP and QC1P - Simplify IR
' Correctors

Compensation
Insight through Accelerators. solenoids

©KEK

ic Xy coupling




Phys. Rev. D 110, 112002 (2024)

Time-dependent CPviolation - B® - 'K}

* Decay may also have a BSM phase as it
IS a gluonic penguin
* alter the value of ¢, from that measured in
b — ccs transitions such as B® = J /YK

* Reconstructing n’ = n(yy)n*tn~ and
n' - p(m*m™)y we select 829 + 35

events in 362 fb~! sample

* 3D fit to AE, mgc and continuum
suppression output

*sin 2, = 0.67+0.10+0.04

* Consistent with current HFLAV average
and that from b = ccs result

1/2/2025 CCAPP

Asymmetry

Entries per 0.64 ps

350

— = (.}
wun
o

Qi§ 1
Ay q
50 b hd S
B2 W E

Belle Il Preliminary [cdt =362 fo?
Bo ;, ’T'KS‘ ] | | | Contlinuum



https://link.aps.org/doi/10.1103/PhysRevD.110.112002
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