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B meson mixing in the Standard Model </>5

Belle I

e Mixing in the neutral B meson system in the SM described by

_ W+ _ _ u,c,t -
b — < — 4+— ( b -« > = q
u,c,ty vYu,c,t q:d)s 11,74 %W
q—>— —>— q—» > > b
W= U G 6

e Orthogonal approaches to measure time-integrated mixing
probability X

o Determined directly in time-integrated analyses
N . ATy=Tr-Tg
o Determined indirectly in time-dependent analyses

Amd dominant in the Amd =mg—my

xd — B meson system decay time difference
/ Fd / direct CP violation parameter
At |
:C?i + yc2i P(At,q) = exp(|47 /7) (1 + g[Sy sin(AmgAt) + A cos(AmyAt)])
Xd = \
d 2(333 + 1) Flavor of B meson time-dependent CP
violation parameter

Ard small in the

yd — Fd B meson system



Belle Il experiment

Upgrade of the Belle experiment
B meson factory in Japan, based on
SuperKEKB accelerator complex electron

V5 = m(T(45)) Ve

B(Y(4S) — BB) > 96%
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Time-integrated measurement of X d

x10¢ Belle 11 (Preliminary) [ £ dt =34.6fb1
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Belle II
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D

Time-integrated measurement of Xd </>

Belle I

Current world average:

. -&
GPY = 0.1858 4 0.0011

Current average not including
time-dependent measurements: |

XUmem — (0.182 4 0.015

This measurement: . .
0.17 0.18 0.19 0.20 0.21

Xd
X&neas. — (0.187 4+ 0.010 (St&t.) + 0.019 (SySt.j

(preliminary)
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D

Time-dependent measurement of Xd </

Belle I

e X can also be determined by measuring|Amyg
o Extracted from time-dependent flavor evolution

e Extracted by fitting At distributions for opposite flavor (OF)
and same flavor (SF) B meson pairs inferred from

exp(—|At|/T) (14 (1 —2w) -COS(AmdAtg))

NSF/OF(At> =N

4t
7% 4 1) Amy
=521y Ty
d
e Flavor determined with the multivariate flavor tagger =R
Cl‘rac'ks) Q(LMClx:sters) @‘.CLChllsters) for example:
l"'""""I'""""""'E Example Category second B flavor
' Bgig: BY & D nt inferred i.a.
Ranking and from thIS part|C|e
Candidaves)—{ 1 Heléckion ~ B} B0 prt+ p, ¢~ / combination
- = tagf £ (+ many more)
; L> DO gt
Yeat Of other
Categories
L x k-

g7 «— Conbiner | e https://arxiv.org/abs/2008.02707 U
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Flavor tagging D

Belle I

+1 for Bmg

respr - Classifier Output 4= _1¢or B

tag
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Time-dependent measurement of Xd </

Belle II

e Signal channel: B - D~ x™

1000

Candidates / (0.002 GeV/c?

o Ensure event contains

neutral B mesons

o Determine flavor of signal B meson
e Flavor of second B meson is determined by the flavor tagger
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Other time-dependent measurements: D

CP violation and CKM parameters Be”eﬂ

e (Can also access CKM parameters

using the same method
o Reconstruct B meson in a CP eigenstate,
e.g. B — J/Y(LO)KS(ntn™))
o Get flavor of the other B meson (B,,)
from the other reconstructed particles

Belle Il (Preliminary)
120} [L dt=34.6 fb™1

—— Combined
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B Background

- ¢ Data
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40}
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e Measurement of time-dependent
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tog 982 (At) = [Sfsin(AmgAt) - (1 — 2w)R(A) S 4of e
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Resolution function

Time-dependent CP ~ o
violation parameter Sf ~ Sln(25> '
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© o
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Rediscovery of B — J /1)K at Belle Il T

o B — J/v(ll)K | important channel
for cross-checking B — J/y(00)K g

e Multivariate K reconstruction

Events/ (2.5 MeV)

e Signal extracted using an unbinned
maximum likelihood fit

Ngig(ee™) =226+ 20 (stat.) =31 (peak.)
Ngig(p ™) = 267 £ 21 (stat.) + 28 (peak.)

-

]

e Planning to use flavor tagging and
decay vertex time reconstruction
for time-dependent CPV analysis

Events /(2.5 MeV

Belle I
80
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First measurement of B — 'K atBellell </>

Belle II

® Measured in two decay channels: ' — n(— yy)7 n~ and 7' — p(— 777 )y

B = (= (= ynr m )KT B 0/(= p(— wt T )y) KY
o z:‘ :‘% b % =
: wf - :

1 L i 1
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Summary and Outlook D

Belle II

e Belle Ilis now successfully accumulating data
o Plan to have 50 ab™ within a decade

e Flavor tagging shows good performance

e First measurements of mixing and TDCPV parameters with Belle II!
o Results in agreement with previous measurements

e Rediscovery of many important physics channels
e Preparations for new and exciting analyses are being done

e Look forward to many interesting results from the Belle Il experiment

13



Thank you for the attention!

14






D

Motivation o

Belle I

e Flavor transitions in the Standard Model (SM) are described by the
CKM matrix

Vid Vus Vi 1 —A?/2 A AN (p —in) )
Verm = Ved Ves Vo | = A I—3x AN +0O(\h
Via Vis Vi —AN(1 — p—in) —AN? 1

e Complex phase gives rise to CP violation
e CKM matrix obeys unitarity constraint in SM

Z ViV = VidVay + VeaVap + VigVip, = 0
k
e CKM matrix elements have to be measured

o Sides accessible from e.g. |B” — B mixing, semileptonic B decays, etc.
o Angles can be measured in time-dependent CPV|measurements
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Luminosity D

Belle I
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Nuisance parameter pulls D

Belle I
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Flavor tagger performance D

Belle II
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Flavour tagger modes D

Belle II

: =0

Categories Targets for B Underling dowmy mpdes
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: +
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: D
First measurement of B — 'K atBellell </>

Belle II
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: D
First measurement of B — 'K atBellell </>

Belle II
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Evidence of BY —> T o>

Belle II

. _ Belle Il (preliminary) e Data
® (Can measure CKM angle a by measuring B — nr 30 1 —Total fit
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® Disentangling can be done with an isospin analysis
of B — 770
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