





Quark flavor mixing and CKM matrix

m For quarks,
— weak Interaction eigenstates # mass eigenstates

\
\

o

— mixing of quark flavors through a unitary matrix \
' A
v | _
§ 1= (VCKM ) $ 1= Vcd Vcs Vcb J
v
b’ b) \Vu Vs Vo \b,
Wolfenstein [ 1-F12 A M\
parametrization V_ ~ -1 =7 D A4
\A/f(l—p—iiy) —AX s
2|~ 0(0.1)

3 real parameters (4,4, p) and 1 phase ()



How fermions interact with W=

CKM factor
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Test Unitarity?

a V LS ‘ m ex p ( 1 (I)) Jjust overly simplified guidelines

e | V| from semi-leptonic decay rates
e ¢ from CP asymmetries
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Z. Ligeti, from plenary talk @ ICHEP 2004




Current status of CKM unitarity
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The V., V, , saga
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Measurement of the inclusive semileptonic branching Physics Letters B

fraction of B mesons and H/Cb‘ Volume 547, Issues 3—4, 7 November 2002, Pages 181-192
Belle Collaboration fo_d
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e 15 _ We present a measurement of the electron spectrum from inclusive semilep-
8 | tonic B decay, using 5.1 fb~! of T(4S5) data collected with the Belle detector.
T, 10 L A high-momentum lepton tag was used to separate the semileptonic B decay

electrons from secondary decay electrons. We obtained the branching frac-
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s8¢ 1St Measurement of the B - wé€v and B — p (w) €v
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Electron Candidates / (50 MeV/c)
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Measurement of |V,

— ——————————Spectrum { mileptonic B-meson decays
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SuperKEKB Belle Il

Interaction 7>
Region Belle |l detector ! g

e —
=i

Belle IT

electron ring

a4 ) _.d
positron ring\

injector;
to Linac

positron damping ring

7 GeV 4 GeV +
€ ) (*) ( € We also have data taken off-resonance
\/g — 1058 CQeV — mT(4S)C2 as well as energy scan around Y(55)

e B(Y(4S) — BB) > 96%, with pSM ~ 0.35 GeV/c

e nothing else but BB in the final state
. if we know (E, p) of one B, the other B is also constrained “B-tagging”  unique to e™e™~ B-factory
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Total integrated Daily luminosity [fb™!]
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Key variables of B decays

AE = E¥ —\/sI12 My =1/(/5/27 -5y
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n BB background
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FEI

@ FEl algorithm to reconstruct B,

e uses ~200 BDT’s to reconstruct O(10%) different

B decay chains

e assign signal probability of being correct 5,

Comput Softw Big Sci 3, 6 (2019)

>
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E——— 4 : s
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Full Event Interpretation
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PRL 133, 131801 (2024) Pl

BELLE

| V., | from angular coeff’s of B — D*{v

Obtain the differential rates in three angles,
0,, Oy, x, and a kinematic variable, w.

e differential rates are expressed in terms of 12
functions J; that depend only on w.

® possible for SM test & LFU test

@ Belle data sample of 711 fb~!

2

2 2

_ w =
dI'(B — D*lg)  2Gingw!|Veb|*mEmp-

dwdcos 8y dcos by dy 274
+ (Jas sin? Oy + Jo. cos? v ) cos 20, 4+ J3 sin? Ay sin? 0, cos 2

ZmBmD*

X (Jls sin? @y + Ji. cos® Oy

+ Jy4 sin 20y, sin 26, cos x + J5 sin 26y sin 0, cos x + (Jgs sin? @y + Jg. cos? 0y ) cos 6,
+ J7 sin 26y, sin 6 sin xy + Jg sin 26y, sin 260, sin xy + Jy sin? By sin? @, sin 2x> .
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131801

V_, | from angular coeff’s of B — D*¢{v

Vcb
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131801

D

PRL 133, 131801 (2024
V| = (40.7+£03+£04+05)x 103 (BGLsy,), 202
V| = (403+03+04+04)x103  (CLN), | V., | from angular coeff’s
This Work Of B — D*fl/

BGLs3, @ MILC+HPQCD+JLQCD (p=0.90)
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CLN O MILC+HPQCD+]JLQCD (p=0.49)

CLN O MILC (p=0.26)
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CLN O JLQCD (p=0.72)

Phys.Rev.D 108 (2023) 1, 012002
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BGL121 O ha, (1) (p=0.07)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131801

5 PRL 133, 131801 (2024)
| V., | from angular coeff’s of B — D*{v
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131801

https://doi.org/10.48550/arXiv.2407.17403
<O

|V | fromB° - 27 ¢*v & BT — p¢*u

@ Extract |V, | by simultaneously fitting B — 77/ & Bt — p%¢/*v

@ Signal extraction in (13+10)x4x5 bins
e 13 (10) bins in q2 for B - = ¢*v (poz,”+1/)
® 4 binsin M., 5binsin AE

104 Events / Bin
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https://doi.org/10.48550/arXiv.2407.17403

|V, | from B - 2= ¢*v & Bt — pY%¢*u

5 F
| Belle i [cdt=364fb2
- B-omnlv: B-plv:
4 - [ Signal M Other BB 4 Data ; BB Signal EEE Other BB
- [ X, Lv B Continuum mm X, /v B Continuum
| X2y = X.1v

103 Events / Bin

)
22 © L4 0.0 [} ) °® ° o ® 0
o ° ° o o °® ° °
1 [& 0 ° (S ) ooo e® o 0, © o ° o % o PORY T ) (7Y o®
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AE [GeV]

mode. The following are the labels and bin edges for the
¢* bins: ¢l : ¢* € [0,2], q2 : [2,4], ¢3 : [4,6], ¢4 : [6,8],
g5 : [8,10], ¢6 : [10,12], 7 : [12,14], ¢8 : [14,16], ¢9 :
16, 18], ¢10 : [18,20(20.3)], ¢q11 : [20,22], q12 : [22,24],
q13 : [24,26.4] GeVZ.
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https://doi.org/10.48550/arXiv.2407.17403
</[O

O - + + O + Belle II
|V .| fromB° - 7z ¢t & BT - p ¢ty

T F . 5

= Belle Il [ dt=364fb1 [ Signal B Other BB
6 F B->mlv: B-plv: 1 X, Lv I Continuum

[ @mm Signal EEE Other BB ¢ Data | EEE Signal EEE Other BB
5F 0= X,fv B Continuum B X,/v EEE Continuum B X-Zv

E B XL 1 X Lv

I Signal W Other BB
e X, ![v B Continuum

1 XcLv

103 Events / Bin

NData - NMC

mode. The following are the labels and bin edges for the
¢* bins: ¢l : ¢* € [0,2], q2 : [2,4], ¢3 : [4,6], ¢4 : [6,8],
g5 : [8,10], ¢6 : [10,12], 7 : [12,14], ¢8 : [14,16], ¢9 :
16, 18], ¢10 : [18,20(20.3)], ¢q11 : [20,22], q12 : [22,24],
q13 : [24,26.4] GeV?2.
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|V, | from B - 2= ¢*v & Bt — pY%¢*u

B(B® — = ¢Tv,) = (1.516 £ 0.042 £ 0.059) x 10~*
(1.625 £ 0.079 &= 0.180) x 104

B(B+ — ,OO€+Vg)

https://doi.org/10.48550/arXiv.2407.17403

D

<o

Total BF by integrating the A% (g?)

|V, | extracted separately from #£v and p£v mode using )(2 fits to the measured q2 spectra

N
XZ — Z (ABi _ AFiT)Ci;l(ABj _ AFjT) + ZX’IZ"heory,m

ij=1

B’ = 77¢*v (LQCD)

BY —» 77¢*v (LQCD+LCSR)

Bt = p%*v (LCSR)
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BCL for B® -» Iy,
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The results are limited by
e size of the off-resonance data set

* non-resonance B — X v bkgd,

and reduce the tension against
| V., | inclusive
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For ‘light new physics’

o(ete™ = ntn ") for
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connections to muon (g-2)
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arXiv:2404.04915 $
accepted for PRD |

olete™ = ntn V)
e Study ete” — ntz 7" decays in & = 191 fb~!

® as a function of \/;’ by using ISR technique
e reconstruct ete™ — 7t 1 % gg, for 0.62 < v/s' = M(37) < 3.50 GeV

@ Kinematic fit for background suppression

e constrain (E, p) of z7n~ " yq to that of e e~ beams

@ Validation (“scale factor”) of backgrounds in control samples
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¥ efficiency as a major analysis challenge

The e(7") is determined to an accuracy of ~1% by comparing full- and partial-
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o(ete™ = ntn ") Results

; . Differences of the measured cross section around the @ resonance
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° a,7(0.62 — 1.8 GeV) = (48.91 £0.23 £ 1.07) x 107"

® main syst. uncertainties from efficiency and absence of NNLO in the MC

® 6.5% higher (2.50 significant) than the global fit = move to smaller ‘anomaly’
a,"(0.62-1.8 GeV) = (45.91 £0.37 £ 0.38) x 107 '°.
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Closing remarks

Belle Il has collected over 0.4 ab™! data sample in its first 3 years of
operation before LS1, and started Run 2 data-taking in Feb. this year.

With the data set of ~1/2 the size of Belle, the physics precision of Belle |l
results are comparable or better in many analyses.

Recent Belle Il physics highlights include first evidence for BT — K™ vr,
and inclusive test of LFU with B — X7v. (PRD 109, 112006 (2024))

) Belle |l started her endeavor to understand the ‘Incl.-Excl. tension’ on
|V,,| and |V ,|.

@ After summer shutdown Run 2 will resume very soon with the goal of
collecting a several ab™! data in the next few years. Please stay tuned!

32






