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Belle Il @ SuperKEKB

* Luminosity frontier experiment to search for
Physics beyond the Standard Model

« ¢Te” asymmetric collision at the Y (4.5)

* High current / nano-beams,
challenging background conditions

* Luminosity targets to achieve
physics goals:
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Total integrated Weekly luminosity [fb~1]

Belle Il Online luminosity Exp: 7-35 - All runs
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New luminosity record
Dec 27, 2024
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The Belle 1l detector A

KLM Belle II
Instrumented flux return

Vertex detector
2 layers of DEPFET pixels (PXD) and['
4 layers of silicon strips (SVD) |

Vertex resolution ~15um
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Untagged vs. Tagged

Tagged.:

B, and B,,, are reconstructed

Untagged:
only 5, is reconstructed

signal yield O(103) lower (-)
low backgrounds (+)
good neutrino reconstruction (+)
tag calibration (-)

high signal yield (+)
high backgrounds (-)
poor neutrino reconstruction (-)




Hadronic tagging at Belle I A

Belle 11
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* The hadronic FEI employs over 200 boosted decision trees to reconstruct 10000 B decay chains

e €5+~ 0.5%, €50 ~ 0.3 % at low purity (about 50% increase with respect to the Belle tag)



The CKM unitarity triangle

...and how to probe it with B mesons

CPV in B — ntm, pp, p7T

B — Xlv (p.M)
Vi Vu}; =9, th Vi
Via Viy Via Vi
= B=9,

0,0) '\%0)

CPV in B — JAYK,
B-/+ — D(*)K(*)-/+
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Outline

Recent Belle Il results covered In this presentation

. |V .| from B® = 77 ¢ v and Bt — p /v [arXiv:2407.17403] submitted to
Phys. Rev. D

« Branching fraction of BT — 71v [arXivi2502.04885]
» Branching fraction and CP asymmetry in BY — 7YY larXiv:2412.14260]

. CKM phase ¢, (@) from B — p*p~ [arXivi2412.19624]

e Searchfor BY - K0zt~
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|V, | from B’ - 77¢*vand Bt — p¢*y

[arXiv:2407.17403] submitted to Phys. Rev. D

. Run 1 dataset (364/fb), untagged analysis, z~Z+ and p"#* are

reconstructed, neutrino is inferred
from the missing energy and
momentum Iin th event

 Background suppression with
multivariate methods (BDTs)

» Signal extraction from a
simultaneous fit in bins of q2

103 Events / Bin

— Nmc

Npata
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q° = (Pg—Py)°

- Belle 1l
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|V, | from B’ - 77¢*vand Bt — p¢*y
[arXiv:2407.17403] submitted to Phys. Rev. D

« |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)]

* Light-cone sum rule (LCSR) [J. High Energ. Phys. 2021, 36 (2021), J. High Energ. Phys.
2016, 98 (2016)]
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BT - T
[arXiv:2502.04885], submitted to Phys. Rev. D

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

fl%"vub|27'B

(2 2 | 2
B(B—i— N T+V’7‘) __ pImprmm._ 1 m;.
3T max

0

» Tagged analysis using 365/fb, on the signal side e™, u™, z7 or p™ — n7x" are reconstructed

o Discriminating variables s E

o ESXT® — residual energy in the em. calorimeter

MISS

. M?. — missing mass squared in the event //‘B“ [T(“S)]_g —&..
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BT - ™
[arXiv:2502.04885], submitted to Phys. Rev. D

-

L 2

F

94 + 31 signal events
— T T T T T

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

BaBar (417.6 fb~!, semileptonic)
1.7 0.8 =£0.2 PRD 81(2010)051101

BaBar (426 fb~!, hadronic)
1.83%)23 £0.24  PRD 88(2013)3,031102

Belle (711 fb~!, hadronic)
0.721847 £0.11  PRL110(2013)13,131801

Belle (711 fb~!, semileptonic)
1.25 £0.28 =+ 0.27 PRD 92(2015)5,051102

0 2

4 6 8

BBt > 71r,) (Xx10™%)

World average BR goes from
(1.09 £ 0.24) x 10~*

to
(1.12 4+ 0.21) x 1074
Leads to:
+0.38 B
o = (4.19_0_41) X 1073
+9%
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Determination of the CKM angle ¢,/a

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

S: CPV 1n mixing-decay interference

_— 1

P(qg,At) < 1 + S sin AmAt — C cos AmAt

! \

+1 Btag — BO 4
1711 Biag = B° M(By) — M(B)

tcp — ttag

» In tree-level b — uid transitions to final states zz, zp, pp, ma;: S = sin 2¢,

« But b — loop contributions change thisto\/ 1 — C? sin(2¢, + Ag,)
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Candidates per 32 MeV

Pulls

Isospin relations in B’ — 7'z’
[arXiv:2412.14260], submitted to Phys. Rev. D

-

-
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* |sospin relations are used to disentangle
the loop contribution and obtain Ag,

A(B" —» nt7°), A(B" — 7" n)

« Requires measuring branching fractions and CP asymmetries for 777~ a7’ and 77"

 Experimentally, 77V is the most difficult (only photons)
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B! — PP
[arXiv:2412.19624], submitted to Phys. Rev. D

» Only small penguin contamination, thus golden mode for ¢,

* First, obtain signal BR and longitudinal polarization from a 6D fit
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0 + -
BY — pTp
[arXiv:2412.19624], submitted to Phys. Rev. D
« Then perform CP-fit to At as both tag flavors g

« At is obtained from the CP- and tag-vertex separation

» ¢ is inferred from the residual particles in the event

- = Long. signal --=-= Self-crossfeed BB &% 7T { Data
-+ Trans. signal Peaking backgrounds qq — Total
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Search for B — KVt

o Suppressed FCNC process sensitive to New
Physics

* |nvolving 3rd generation fermions

+ SM prediction of the BR: (0.98 = 0.10) x 10~/
'PRL 120, 181802 (2018)]

+ The R(D")) anomaly implies that this process

could be enhanced to the level of ~10~*
[PRL 120, 181802 (2018)]
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Search for B — KVt

Signal shown with Br = 1072

Belle Illpreliminary ¢ [Data | Belle IT prelimilllary | ¢ [Data
175 ¢ ' ] 250 | mm B’°-K'rtr
ol Jeai-365 Jeai-365 - = 55
_ (¢ category g 200 | w/ category > iquncertainty 1
+ ; 150 —— Signal B= 1072 " " "l "
* Fit to BDT signal classifier gives
[
1 100 -

BB - K% t7)=(-0.15+0.86 +0.52) x 103

f —— 1 o — a1 * Resulting in the 90% C.L. upper limit
; | gy - N
04 05 06 07 08 09 1.0 04 05 06 07 08 09 1.0 {% (B O —_ K O +T ) < 1 . 8 X 1 O 3

n(BDT) n(BDT)
Bellellrpvrelivm nary ¢ Data | 300 _YBelleII prelimr ary + D ta |

500 s B'-K*'t 1 [ B —K*r 1~ . . .

/ry —F /ry — = |« Previous Belle limit (711/fb)
— 7 Uncertai = v U '
@ [HFLAV: 2411.18639)]

= = e ; —
BB - K1) <3.1%x107°

100
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Summary

* Belle Il has resumed data taking in 2024 after LS1 and accumulated 575/fb on
and below the Y (45) resonance

 Though only a fraction of the target Belle || sample is available, we follow our
physics program and have achieved a number of significant results by using
novel analysis techniques and/or combining the Belle Il sample with the

711/fb data of Belle

 We are looking forward to the restart of the SuperKEKB run in November
2025!
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Cabibbo-Kobayashi-Maskawa quark mixing

d’ d v@d Vs v&b
s" | =V [| s Vekm = | Veda Ves  Vep
X b Via Vis Vi
P - viv —
u C t VVI = V'V =1
A A i « The weak interaction down-type doublet partners are a
mixture of the mass (flavour) eigenstates described by
the unitary Cabibbo-Kobayashi-Maskawa (CKM) matrix
Y 7 7 « The CKM element magnitudes squared determine the
d q b rate of quark flavour transitions in charged current

processes

-/

g +
—‘CW:: — E L ’Y“ (VCKM)’LJ dLj Wu' + h.c.

25



C'P violation

Wolfenstein parametrization of Vi

1—\%/2 A
Vokv = —A 1—)\2/2

A,\3() — AN?

» However, V~x\ also contains a complex phase, responsible for all CP-violating
phenomena in the quark sector of the SM, and consistent with observations in K, D
and B meson decays so far

 New physics would typically disturb the SM pattern of CPV
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