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ﬁ SuperKE KB nano-beam technology

Asymmetric energy e+e- collider at KEK: 7 GeV e- and 4 GeV e+ A 30 fold increase in instantaneous luminosity over
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Nano-Beam scheme
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i Belle |l detector

K, and p Detector:

High trigger rate - .
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& Accumulated data

Luminosity

Belle Il Online luminosity Exp: 7-26 - All runs

17.517 " integrated luminosity
statu S: - ] Il(etcfrd;dc\ll\lleekly t / 400
lg 15.0 [ Lracorded dt =393:18 [fb~11 f 350 —
- Collected ~898fb ! since April 2019 % 125 Il 2
> Slower luminosity accumulation than initially 2 1o 250 £
planned, but with ~90% data-taking efficiency g 200 3
z 15 e
~ Record-breaking instantaneous luminosity: B a0 o
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P25 50
- Highest daily integrated luminosity: 2.2 fb—* ool .
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Plans:
- Short-term plan: shutdown in-

~ full PXD installation — important to maintain good vertex
resolution at high luminosity

Target
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Comparable to Belle data
before 2022 LS 5



Detector performance

Phys.Rev.Lett. 127: 211801
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« Excellent vertexing/tracking

* Good K-m separation
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« Well simulated photon tagging
. The output of the FBDT classifier for photons in D" — ﬁofr+, P’ = Kgfro._ Kg Satn
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‘L B flavor tagging at Belle ||

Time-dependent analyses at the B factories

e
Az~ AL By <”T

Critical for good time-dependent measurements: Belle II: 15 = (30.0 £ 1.3)%

» Good vertex resolution Belle : crag = (30.1 £ 0.4)%

» High tagging efficiency ciag arXiv:2110.00790

Eur. Phys. J. C 82, 283 (2022)

B mixing and life time measurements, see M. Sevior’s talk



BS physics

New hadron states Zb's, b bbar
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Basic quark diagrams for charmless B decays

interference between comparable amplitudes causes big cp violation

7 N

b u b N s,d

Looking for deviations from the SM predictions of a small BF or Acp



Continuum background suppression

Need to develop good pattern recognition
tools (Al) in order to fight against huge
continuum background in rare B decays!

88 Sigaal

qq pair event

T 2et like
continuum
p(g) ~ 5 GeV/c

B decay event

Spherical
B decays
p(B) = 0.3 GeVic
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Summary of systematics uncertainties (in %) by category and channel.
Channel BT — K= B =y/Ki B™ —=4K° B =4k}
Source 7= grta 7= py
Tracking efficiency 2.1 2.8 2.1 2.8
Photon efficiency 0.5 0.5 0.5 0.5
K_g efficiency - 4.5 - 4.5
7= PID - - 2.4 2.4
K= PID 2.5 - 2.5 -
Cont. supp. modelling 5.0 1.0 5.5 2.3
SxF fraction 2.6 1.8 5.9 3.2
N(BB) T4
Total 6.6 5.9 9.1 7.2
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i B—-n'K
Neutral

Elcaq'[—‘qwrr}}(_

already compatible to
the world average

This analysis World average

Belle Il - Preliminary
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B0 —, KO ;0

- Long standing puzzle ior BY - K*n* vs BT - K*1"
» Over 5 o difference between A for the two modes.
« Only change the Spectator quark for the two decays.
 Strong Interaction or New Physics?
« Acp B - K n° can distinguish
« Paper by Fleischer, Jaarmsa, Vos PLB 785 (2018) 525-529
Shows additional correlation wit
for B - K m" gz

—

A golden mode at Belle Il since both charged | ‘
and neutral B— Kn decays, and related isospin .
modes can be accessed altogether oL l
arXiv:2106.03766, arXiv:2106.04111 T

Currently limitation is still dominantly by

AnKs
Afp

statistical uncertainty with non-negligible e T e e

systematic uncertainty _
A, derived from sum-rule

13



Acp measurement for B® — K9 x®

—1t/70

P(AL) = 1+ g{A cos(AmyAt) + S sin(AmgAt)}]

47'30
SM: direct CPV ~ O
May sensitive to NP 1f Aggo # 0

SM: time-dependent CPV
SKEED - Sln(Z(ﬁl)

B KU =+ B K+ 0 B KU 0
Igr = Apr— + Ao+ ( +ﬂ-—) L —2A 440 ( +ﬂ-—) B —2Ag0.0 ( +ﬂ-—) =0
" BKTn) Tyt ~ B(K 1) Ty " B(K*r")
- B> Kgﬂ'o 1s important to test isospin sum-rule Y S World versge (no Bele I

Including Belle 11

* Uncertainty 1s dominated by AKgn.o

* Feasible at Belle-II

/ 0 10 20 30 40 50
Null sensitivity can be down Integrated Luminosity [ab"]
to 0.03 level in the long run

Snowmass 2021 update 14



B0 _, KO0

189.8 fb!
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« Data Belle Il (preliminary)
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Continuum suppression efficiency| 1.6
Number of BB pairs 3.2

Flavor tagging 0.040
Resolution function 0.050
Physics parameters 0.4 |0.021
BB background asymmetry 0.002
Signal modelling 1.0 |0.015

Background modelling 0.9 (0.004 g

Possible fit bias 2.0 10.010 E

Tag-side interference 0.038 g

Total | 0.6 [0.086 3

o

Observable Fitted value WA
BF(B® — K{z°)x 107®|  11.0+ 1.2+ 1.0 9.9£0.5
Acp —0417039+0.09 | -0.01+0.10
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B* — p*p® B¢

Using combined B — p p measurements and
Isospin symmetries to have better constrain on
the hadronic uncertainties

The CKM unitary angle @3 can be determined
by the measurements of BF and A, of B — pp

A 6D un-binned fit has been applied to
63 fb-! data for signal extraction

The same method can be applied to B — @ in
order to extract @,

16



Update of B* — p* p® 189.8 b

Candidates per 15 MeV

Normalized
Residuals

; " tp~ Q Can extract @ using info from three isospin-
W . related decays Bt - p*p? B° - p*p~, and
—0 b > & > u B0 - popo PRL 65 (1990) 3381
T -po d Belle II 1s unique having access to all of them
<€ d
160 160 —
: s —__{j Belle Il (preliminary) % 4 + .0 Belle Il (preliminary) :
140 | B - p p J.Ldt= 189.25 fb” = 140[ B - p p det= 189.25 fb™ = Fl_t result
3 w sk - Signal long
120 | . 120 * — Signal trans
100 4 * 2 100 | — Self x-feed
f 8 |mm BB bkg
g — B— £, X
S e B— prtit
®© — B— a
2 - Continuum
JF 22 2
-4 E o2 -4 L L I
-0. zX . 005 01 015

AE [GeV]
17



‘_L Update of B* — p* p® 189810

— Fit result
== Signal long
Signal trans
L ] Belle Il (preliminary) o 350 | Belle Il (preliminary) — Self x-feed
© 400 | P o I 5 |sm BB bkg
i ! J‘Ldt=189.25fb = 300 [ J.Ldt=189.25fb — B— X
|- q) L
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o | SO S S S ——— S S T 1 T3 oF
1| Semrrweriwsra e T — Eg 2F
2 7 08 06 04 02 0 02 04 06 =X _1 080604202 0 02 04 06 08 1
cos0 . cos0
p p
Results PDG

Acp  |-0.069%0.068 +0.060 | (=0.05 £ 0.05)
BF (1075) 232131 +£2.7 (24.0 = 1.9)
fi 1094310033+ 0.027 | (0,950 £0.016)




Expected physics results

The Belle 11 Physics Book Prog Theor Exp Phys (2019)

arxXiv:1808.10567

Snowmass2021 Belle Il Physics
Upgrade&update arXiv:2203.11349

Observable 2022 Belle-11 Belle-11
Belle(1I), 5 ab~! 50 ab~!
BaBar

sin 23 /¢ 0.03 0.012 0.005

~v /o5 (Belle+Bellell) 11° 4.7° 1.5°

a/da (WA) : 2° 0.6

|Vius| (Exclusive) 5% 2% 1%

Scp(B — n'KQ) 8 0.03 0.015

Acp(B — 7" K2 15 0.07 0.025

P ¥) 0.32 0.11 0.035

R(B — K*¢t¢ )T 0.26 0.09 0.03

R(B — D*rv) 0.015 0.009 0.0045

R(B — Drv) 0.034 0.016 0.008

B(B — tv) 24% 9% 4%

B(B — K*vp) — 25% 9%

B(t — p~) UL 42 x 1077 22x1077 6.9 x 107"

B(t — ppp) UL 21 x 1079 3.6 x 1077  0.36 x 107?
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https://arxiv.org/abs/1808.10567

i Summary

= Bellell will collect ~500 fb-t data before
long shutdown in 2022

s Some new results were obtained with
<190fb! data

= \We have prepared analysis tools to better
tag neutral final state particles and to
suppress continuum background

= LHCb and Belle Il are complementary In
new physics search
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