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* |V .| and | V_, |important to constrain CKM
unitarity triangle.

Vud Vus Vub
VCKM — Vcd Vcs Vcb

Via Vis Vau

A

* Important inputs to the Standard Model (SM)
predictions.

* Most precise determination from semileptonic

B decays:

\ , ; , ; 2
» Theoretically clean prediction. p

» Experimentally accessible at B-factories.
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http://www.utfit.org/UTfit/ResultsSummer2023SM

* |V .| and | V_, |important to constrain CKM
unitarity triangle.
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VCKM — Vcd Vcs Vcb 0.8
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* Important inputs to the Standard Model (SM)

predictions. 0'4.33§ e
* Most precise determination from semileptonic 0.2f
B decays: b, W

» Theoretically clean prediction.

» Experimentally accessible at B-factories.
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Inclwsive -« Sensitive to all semileptonic final states * For |V, | also include non-

/ ) , perturbative shape functions:
Lo 2 BaNVylP [T — qfoy) + Ump+ag+...] | g1 \p: phys. Rev. D 72, 073006

e * Theoretical input: Heavy Quark 58

B @ &4,
L& Expansion Theory » GGOU; JHEP 10, 058 (2007)
» DGE; JHEP o1, 097 (2006)

E xcluwsive - Reconstruct specific final state: D, D*
for or 7, p for
/ | Vep | P | Vi |

S 9
L_ﬂl_fflvi\rrr * KB~ ‘ qu‘ f

g '—"‘—% q . .
@5*,D*,,,,p___ * Theoretical input: Form factors from
Lattice QCD or LCSR

L?,F'tOV\,LC, * Leptonic decay of
B> 7¢v,t0

B- \W ~ determine |V, |

* Theoretical input: B

meson decay constant
‘ ‘ f B¢ from Lattice QCD

T — ——————————

I — e ———— e —— S e _— . -
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://iopscience.iop.org/article/10.1088/1126-6708/2006/01/097

| V(;b | and | Vub | puzzle?

= — _ — — P — — — = = =

* A longstanding tension between exclusive

and inclusive measurements of |V , | and s 48F L A I —

V '2 46 = Exclusive [V _| 68% CL contours =

| cb | y :_; 4.4 E_ Exclusive IV | o =

= . =

* ~ 30 difference between exclusive and Z 42F e :z: Slflgluﬁt —

inclusive (GGOU) measurement of |V , |: = Averaee ? =

V% = (3.75 +0.20) X 1073 38 3
incl —3 3.6 =

V.| =@.06£0.12+0.11) X 10 s 4iE. £ j E

* More than 3¢ differencein |V, |: 32 ' —

Vot = (96 04710 o o

" E T PR P | P =

incl. -3 , ,
1V, |"" = (41.97 + 0.48) X 10 L L ” L

» Combined fit: IV, I[107]
| =(3.43+0.12) x 1073
= (39.77 £ 0.46) X 1073

g
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https://arxiv.org/pdf/2411.18639.pdf#page=96

Belle (II) experiment

— - - —— — e e e == _— —_—————— - = —=

S

* B-factory experiments at KEK in Tsukuba, Japan J))<exa
» Asymmetric e e~ colliders (KEKB, SuperKEKB) operating at or near Y (4S) resonance. S A
» Well known initial state enables precise measurements with missing energy. |
» SuperKEKB

Pixel Vertex Detector (PXD)
| Sillicon Vertex Detector (SVD)

* Belle (1999 - 2010)

» KEKB achieved peak luminosity—

» Belle detector: general-purpose spectrometer designed for precise vertexing, charged NN

Belle II detector

Central Drift
~ Chawber (CDC)

particle tracking, neutral particle detection, and particle identification —
» Collected 1 ab~! of data — 711 fb~! at Y(4S) e~ —~-
* Belle II (2019 -)
» SuperKEKB with nano-beam optics and higher beam currents achieved (RECORD) peak /

e
‘,&““‘

//////////
'/,

luminosity in December 2024:— |

» Belle Il detector: upgraded Belle spectrometer with most components replaced and

improved.
Aerogel RICH

- Run 1 (2019 - 2022): collected 424 tb~! of data — 365 fb~! at Y(4S) (ARICH)
Electromagnetic Calorimeter
- Run 2 (2024 - ): collected ~ 150 fb~! of data e ‘ 4 ;
, o KL ahol muon 7 Time of Propagation (ToP)
arXiv:1011.0352 [physics.ins-det] system (KLM) ~
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https://arxiv.org/abs/1011.0352

* In semileptonic decays we have undetected ~) 7 :
. . /
neutrino(s) in final state. G NAE
, , L Z N Z
» By reconstructing one B in the event - B, e Bl / ) /
Y(4S) Y(4S)
the information about the other B - Bsig R P
.. _ [ T _ [ T~ f
can be recovered - clean initial state Y (4.5) e D : D
} rt | nt
» 3 distinct tag-side reconstruction methods: O DX

» Hadronic - reconstruct B,,, with hadronic
decay modes

+ high purity (especially hadronic tag), + high efficiency,
+ good neutrino reconstruction, - high backgrounds,

+ low backgrounds, - pOOr neutrino reconstruction.

» Semileptonic - reconstruct B,,, with
semileptonic decay modes

» Inclusive - reconstruct only Bsig Full Event Interpretation (FEI)lalgorithm at Belle II: hierarchical approach of

reconstructing B, , decay chains using multivariate technique. /

- low efficiency,
- tag callibration.

tag
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https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf

Measurements

V_, | from untagged exclusive B — DZ{v,
V . | from tagged exclusive BT — 77,
V .| from tagged inclusive B — X [v,

V. |/|V. | fromtagged inclusive B — Xl



Measurements

., | from untagged exclusive B - Dy, )

| fromtagged exclusive B™ — t7v, |

b WEIE®

|V
'V
|V . | from tagged inclusive B — X [v,
|V . |/|V.,| fromtagged inclusive B — Xl

D

o

BELLE
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Subwmitted to PRD

Y |V bl fr()m untagged exclusive B - D¢ Uy atasotisss

. . . . . . Belle II Preliminary JL£dt=365fb! Belle II Preliminary JLdt=365h!
* Differential decay rate as function of the recoil variable w: e p—— =T P
| ki € " Ve 20000 |- Ot = D"y,
20000 - &1 B->D"tv A Prefit L 00 B DYy Prefit
| [ ] True D A ’ | True D
= | 0 Fake D c ‘ | BB Fake D
AF(B —> D{D{) 3/2 + O 2 mé + mg — qz C,:‘ 15000 | ) B Coutinuum N 15000 Iy continuum
—_— w77 MC all. unc. - 7z NC all. unc.
~ (w? — 1)%y W(1 +5 )G-(w) | V. | W = M o

10000 [

Aw

Events / (0.12 )

5000

% (w) contains the vector form factor function f_ (w)

* B meson candidates (BT or BY) are formed from reconstructed

. _ _ . . cos Opy cos Opy
D 0 — K T T or D T — K T +7Z' and Comblned Wlth Charged ]eptOn Belle IT Preliminary [ Ldt=3651b"! Belle II Preliminary JLdt =365
- Bl B Dév BY-sD~eti 8000 |- mmm B — Dév BY=sD-ut v,
f — e, //t S000T j;—:» /z)‘f‘u Prefit :;_J 'lrfg /; 'y Prefit
* Reconstruct the angle between the signal B and Y = D¢ system: 3+ SN
2 E 2000 |- ; Li 2000 |
2EbeamEY B — My G
COS Opy = L
2| pgl|pyl 1 -
* Main backgrounds: s s
» Continuum|events (ete~ — gg) are suppressed with set of selection on ity
qq Distribution of cos Oy separately for the charged and neutral
various variables exploiting the event topology modes and electron and muon channels.

» Feed-down from B — D*£'v, events: significant despite active D* veto

AN @ HQL (2023), September 2025 New measurements of |V, | and |V, | at Belle and Belle II


https://arxiv.org/abs/2506.15256

| bl from untagged exclusive B — D7 Uy~ Signal extraction

* Signal yields are extacted in 10 bins of w by fitting the cos @y simultaneously in the electron and muon
channels and for the charged and neutral modes

x 10?

Belle II preliminary [ £dt = 365 fb~!

1.2 } Postfit

B+ — Dle+ty,

B B Dfv

O B—D"fv

BT - D% _
Falze D
neertaimmty ]

x2/ndf = 335.4/318

2 ¢t ¢ ‘:
} “H'fi'*'#';'*‘*‘t'f+;-*-*-++‘*-+-+++;---;—-;---;—H-H‘ri‘#*#‘¢°+';'i'+"+j't++irr*-*'H;-ftﬁ'"+'§'*‘+“;+'*H'**'rt';#*-*++r*'*-*-;-*-~;+-++-*--~+--f--§-*-+€
_; _

x 104

20 O 60 80
(cos By, w) bin

Belle II preliminary [ £dt = 365 fb—!

1.2 | Postfit

F B+ — Do+ v,

1.0} | |
= . Uncertainty
é 0. 8 i ‘ i Jata :
= 0.6} ' ] | , :
0.4+ = -.f. : | ]
- o ) -_ - =__:‘_“

B B Dfiv

_|_ O B—D* v
B % D Trae D
False D

M Continuum 4

x?/ndf =335.4/318

{ Dat

|, 3¢ + E—
I8 i ?;-m-*+'*--4-*+—+-*i*--+~+-+*~;-4~*-+--*--+--+-;---+-;%~;*r“-+i+¢-++-¢-++i+#+*.;~+-~+++;-++---;-+~,~¢+ii+++—*-*~+-+-+-*--*~;-+-4+++-+-;+++-i»,-+¢-+%
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2() 40 60 80
(cos By, w) bin

New measurements of |V

| and |V
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2000 f
1000 }

7000

5000 |

Events

2000
1000

Belle II preliminary [ £dt = 365 fb~!

BY 5 D-etw,
[ Postfit
5000

BO — D+€ ’xz/mll':335.l/318

BN B Div
B—=D"fv
True D
False D

fﬂ rtetbpptttdi b it bt RTTTRLIOTIE 1 +4—+-y*+++*+ = +*++*~i+++t

4000
3000 |

20 40

60

30
(cos By, w) bin

Belle II preliminary [ £ dt = 365 fb—!

Postfit

| B D-ptu,
6000 | :

O _|_ x?/ndf = 335.4/318
B” — D™

B B Dfv
B—D v
True D
False D

f# Py W*—-ﬁ-—rﬂ-;*+-*++ﬁ+;~*--+-+-*-+-+—*-+-+—*~*+-,;*-H«*-*-;;-*-*—+++i-;~+-+-*+t+;;+*-+-+-+~*-;++~t+**#ﬂ-*T+~ir+"*'m";i*ﬁ—+*i

0

20 40

60

R0
(cos gy, w) bin

Fltted dlStl‘lbuthnS of cos QBY in bms of win the Doe DO

: D+e and D+//t samples

| at Belle and Belle I1




| bl from untagged excluswe B — Dtv,- Results

— e = i — —_— = ——

. The signal branching fractions from sum over w bins, multiplied by the bin widths and

the corresponding B meson lifetime. After averaging over lepton flavours:

BB - D ¢*v,) = (2.06 £ 0.05(stat.) £ 0.10(syst.)) %

Belle II Preliminary [ £dt =365fb~!

_ ; » nm\|\/1\><105 39.4 + 0.8
BB+ — D%¢*v,) = (2.31 = 0.04(stat.) £ 0.09(syst.)) % S
- 30;- BCL (N =3) ¥ {
= - ¢ Data
e Extract |V, | by fitting values of AT'/Aw using BCL S ¥ 7
?: 20;— 3
(Phys. &e\./. D.8_2, 000Q02 (2010)) form factor = .
parametrisation. = 0} ;
| V., | = (39.2 £ 0.4(stat.) + 0.6(syst.) + 0.5(th.)) x 107> |
» Result in agreement with exclusive HFLAV average -
. . Form factor resulting from the fit compared to the
» Most precise measurement using B — DZv, decays o o A;/Aw,p ! /

AN @ HQL (2025) September 2025 New measurements of |V, | and |V, | at Belle and Belle II
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902

D

O |

Belle IT

* In the SM:

y)
G2mm? m?
+ + _ F'"*B""*r T )
BBT - 17V,) = ™ | — =0 Vi
B

* Use FEI with hadronic tagging to reconstruct B

* 7is reconstructed using 1 prong decays channels:

» T — evv \

» T — ULV covering ~72%

» T —> D of all T decays.
7 wh 0+

»T — pU,wWherep > "

* Build Rest of the Event (ROE):

» Sum of the cleaned-up energy in the calorimeter -

mass squared of undetected particles:

— (pe+e — PB.. — Ptrack —

tag

) Missin

miss
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bl fr()m tagged exclusive B™ — 771,

Accepted to PRD

arXiv:2502.04885

(K ROE - unassigned neutral clusters and
N
o charged tracks
9,
et .
s Adding extra clusters due to:
g\
Y@ - wrongly reconstructed/matched clustering
) S > .
/ Bl algorithm
N\ _
& o )T - beam background
70 ot E . . . .
RestOfthe (. ve It is crucial to reject fake photons in the ECL
(ow from background - ECL clean-up.
Belle II Simulation TV 2 et v.D; Belle II Simulation Tt 2etv.D;
28/ cdt = 365 ! 030 8] [ rdt = 365 fb-! -0.16
— 4 _I_ _I_ - i
- T > eTu T > el R
20} ! 20 -0.14
i 10.25 -
15: i 15 —:0.12
e - 0.20 | <. ]
Ng § ~0.10
= 10§ L 10
QO . : <5 .
© | 015 9 0.08
7 5 % 5
b AL 0.06
0 0.10 0
0.04
—~3 0.05 9
0.02
=10 -10
0.0 ; .80 0.0 0.2 0.4 0.6 0.8 i
EgXra (GeV) EgSra (GeV)

New measurements of |V

ECL

2D PDFs of Eexira and M2

mISS

blandl

from simulation for signal and background in the t* — e*v,0_channel.

| at Belle and Belle I1



https://arxiv.org/abs/2502.04885

| bl from tagged excluswe Bt -ty Slgnal extractio

* To suppress the continuum background, two el NoemSales]  peem W i @ i
separate BDTs are trained—one for the leptonic o - P N v f
mode and one for the hadronic mode—using g | ﬂ;ii'_k | ol 1 <+,
event shape variables as inputs . ‘ g =5__FJ—J+ BERS

o 60%_3 ] | @ eop = + —

* Important variables to enhance the signal: 0 L e L

20; T —6€ I/eI/T ] 20}T — //t
4 the OUtpUt Of the FEI algorithm - @FEI BLo — 02 04 06 08 110 8.:0 — 02 04 06 08 1—.0
EECL (GeV) Eﬁ’étfa (GeV)
» the output of the continuum suppression BDT o ‘}f;‘f‘;m - N - AR 17C F V108
— @CS 50__ + +_ _ 807_ misili. eV<4/c +_
e T —> 7T I/T + + & T = p I/T 1
» the momentum of the reconstructed daughter 50 | 5 e ##}_J 2
+ Esot— l_%s'_l%:’_' p L%) aal BE
of the 7 " Pcand. i [ + : | .
» Signal yield is extracted from a simultaneous 2D L _ |
. . . CXtra 2 e —— gl s Bo oz Ofl(l;xtral 0.6 08 1.0
binned likelihood fit on|Er~“ and M. [to all EES (GoV) Fae (Gov)
_I_
four T Ch annels Distributions of ES¢* with the fit results superimposed for all four considered z* decay channels.//
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| bl from tagged excluswe BJr — 77v_- Result

SM SM
I";‘*"Tug \| eXC |Vub | inc
| CR L L
_ ! Belle II (365 fb~1, hadronic)
BB - tv) = (1.24 £ 0.41(stat.) = 0.19(syst.)) x 10~ T 12420412010
» Result is consistent with the current world average and with the SM ‘1 . BaBar (417.6 fb~!, semileptonic)
prediction. E 1, 7808 & 0.2 PRD 81(2010)051101
» Extract |V, | assuming the SM and using |, BaBar (426 fb~!, hadronic)
| 1.83%0825 £0.24  PRD 88(2013)3,031102
fz = 190.0 £ 1.3 MeV (FLAG Review 2024, |
. : , & Belle (711 fb~?, hadronic)
arXiv:2411.04268 [hep-lat] ) from Lattice QCD: T 0724927 1011 PRL 1102013)15,131801
_i_._ Belle (711 fb~!, semileptonic)
n E 1.25 £0.28 £0.27 PRD 92(2015)5,051102
» Uncertainty is comparable with previous hadronically tagged I e
measurements from BaBar and Belle despite smaller data sample B(BT —1tr,) (x107%)

used Comparison of #(B* — t71_) measurements and the two SM expectation
4 Improved Sensitivity due to FEI tagg]ng algorithm and an values - using |V, | from exclusive determination (yellow) and from inclusive

determination (green).
optlmlsed selectlon
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https://arxiv.org/pdf/2411.04268v2#page=131
https://arxiv.org/pdf/2411.04268v2#page=131
https://arxiv.org/pdf/2411.04268v2#page=131

D

To be submitted to

N |V . | fromtaggedinclusive B — X v o

Belle IT

* |V .| is extracted from inclusive partial branching * Event reconstruction:

fractions in various phase-space regions. o » B, reconstructed using FEI with
=L/ ; hadronic tagging

N\t ‘
AABB — X, v, e Oy / » Reconstructed lepton - £ = e or p

‘ V b ‘ — Y(4S) } _l . .
2 . v adronic system X characterised
u TBAF(B é Xufyf) - signal side y

B, » -
/ 1\\ - from ROE
é y » Neutrino caracterised as missing
* 3 main kinematic variables: energy:
— — Priss = Pete- = P, — P =~ Px

» lepton energy (in Bsig rest frame) - E;B),

.a-Belle Il Preliminary  [£dt=365fb"* .1o:Belle Il Preliminary  [cdt=365fb~! .o-Belle Il Preliminary  [£dt=365fb~!
i ) _— T _ T — T T 1.40F ~' T T T T " """ "]
o [ C§0,|OW Continuum EEE 200F CRo, 1ow Continuum [ CRo, low Continuum ';
» mass of hadronic system - My, o ke 1 GeY e EP>1 GeV okl |0l Ef > 1GeV e
| . Secondary / 1.75F Secondary { m ] ' Secondary /
I XX 3 B - ®e " ; ’.. *ox
1.00 . ® DGapfv 1.50 fF DGapr ﬁ N 1.00 + g;?y::‘%i(x.. DGapr - 7
0 DHKV _ D)\AEV ! i ‘xf’ " St '.:,s.. D(AIV :I
0. . ] i ] %) .
2 P o DDiv - R Dty mmm 2os0f B » D'ty |
» squared momentum transfer - g“ = (p, + p 3 o= g i 5 s
y o o Jv D ‘ X, v . L 0.60 K - Xyfv .
Xubv x10 [ 07sf °H Xufv x10 [ 1 g Kbl %10 T
i a MESLINEEES o MC Uncert. #&& 0.40 [ o o MC Uncert. =%
2 Data ¢
[ ] ( ] 1
* T'rain 2 Separate MVA ClaSSlﬁerS to
o ( ]
— e e e e e OO R R R s 5 2 8 I P IS R B AR5 R @ o O e R B 22t %% S
S u p p r e S S m al n ac (g r O u n S C O n tl n u u m {‘»QQ.&‘(\?&E.;EQ{._,{{‘.‘x‘:f:‘?m:;"f*- RIBEEHEBNEIRIXIORIVIOTRIION k?‘( g ;igkzjk{' A':%*’g: o . ISR HOIHRAAK, ’X*zf-y‘/><;;<.';>\,/ ‘t;,(?;’ﬁiﬁ &,)-\;;?5,3: i(¥y>x>;x\ IO, ’ﬁ‘i"".\!& EATIATENNINS s ,(:., A. >." %Q‘;&::&%?:%i” RERAHKHIAHKXIOCRKK KKK KIAAEKKTIKK X X SO xq
R 015 ] © ; e L1 © 075F
D s ! : ; : » ; : D 009 o« voo v sg ow g AL -2 St S A i i I g D ' ! . ! L . x - .
1.0 12 14 16 81'8 20 22 24 26 0.00 075 1.50 2.25 3.00 375 4.50 0
E; [GeV] Mx [GeV]

(eTe™ = gg) and B - X Lv,

5), September 2025 New measurements of |V, | and |V, | at Belle and Belle II
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| bl from tagged mclusweB — X z/” Vg Slgnal extraction

_——— - = ——— — = _— —————— ————— — ———

+ Extract branching fraction from template fit in bins of EZ and ¢* o
o CRg jow VR i CR pigh
* Define control regions based on kaon multiplicity and g | T .
| | | . : ~—iy Signal
B — X Zv, suppression classifier score - fit validation and < 0| wemie | oveg, | region
of B — ).(Cfuf (SR)

biases estimation due to mismodelling of B - X .£v, background i th SR
¢ 0 0.60 0.87

B — X Zv, suppression MVA score

* Fit is performed in three
different phase Space ;.(1)83_Belllelll P'rellimilnar'y | fl;dt|= 365fb" «aoBelle 11 Rrelimiparly | f[lzdt!=3|65flb‘1 «c:Belle Il Preliminary fL:dt 365fb~"

[ Other backgrounds | SR 1.60 | @ Other backgrounds : SR - . [ Other backgrounds SR 4
. 175 | EEm B X v : EF >1GeV . 5o Xl ! Ef>1 GeV 8.00 mEE B> Xlv Ef >1GeV -
r l n o Em B-X,vin : : 1.40 B~ X Lv out : My <1.7 GeV 1 [ B - X,lv out Mx <1.7 GeV |
eg O So 1.50 | 2% Uncertainty : : d B 5-+Xytvin : ! | W B- X, in q®>8 GeV? |
¢ Data - | 20/ #xts THECHAG, ! { 1 6.00 | ¥&& Uncertainty |
' ® Data ' )
1.25 I I I M ) i : : ¢ Data °o=:':"o:c::':o=o:"‘:23:‘.'50’0:4':'3 ]
9 EfE[1.0,1.3) | EFE[1.3,1.6) | EPE[1.6,1.9) | EFE[L.9,27] D100 Ebe1.0,13) | EfE(13,1.6) | EfE[1.6,1.9) | EF €[1.9,2.7] ] e
=
b o i | | e ' ' ’
£ -

» and My, < 1.7 GeV
» and g > 8 GeV?

51-25rx/d f=2.8/12 { o T
BI.OO %&%&Ww%w%%w&

B : T

04826482648264826 0O 4 8 26 4 8 26 4 8 26 4 8 26 10 12 14 16 18 20 22 24 26

q? [GeV?] g% [GeV?] E] [GeV]

T T T T
I : ]
® ® ® 1 : ]
e .‘:: Voves wavaviweel ) W . % Wm’ QQQ‘
1 g ' :
I I ® ! [ ]
i ] I ] 1

Post-fit signal region distributinos for 3 different phase space regions.
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|V, | fromtaggedinclusive B — X v, -Result

_——— = = ————  — —  —— ——————— =— —_—

= = e —— _ D — -

* In the broadest phase-space region - cut only on Efj > 1 GeV, where inclusive B - X £'v,
theoretical predictions are most reliable, the measured partial branching fraction is:

Belle Il Preliminary

ABB — X v,) = (1.54 £ 0.08(stat.) £ 0.12(syst.)) X 107

BLNP PN
» Extract |V, | using averaged Bt and B' lifetimes as EF>1GeV = DGE 1
7, = 1.578 £ 0.003 and GGOU framework to obtain AT f 4 =

HFLAV inclusive e

| V| = (4.01 £0.11(stat.) £ 0.16(syst.) o o(th.)) X 107

» Measurement is systematically limited due to B - X¢v, modeling | &
» Result in agreement with inclusive HFLAV average and in exceedes | | Vup| % 103
exclusive HFLAV average
o . . Comparison between the three values of |V , | (obtained from the fitin a
» Competitive result with half the dataset of Belle due to better tagging  phase space region defined by E% > 1 GeV and using three different

alg()l‘itm and more modern background Suppression methods theoretical frameworks), the inclusive, the exclusive and B — 7€,
averages from HFLAV. /
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Puwblisheo

dinclusive B - XU, wonossoms

D
e | Vo |/ Ve | fromitagge

— EpE—— — = i — = — —=
e _ — [ —— e
e = =

» Exract theratioof |V ,|/|V ., | as: S z
Vub A%(B IR XMKDK)AF(B IR chyf) % 3} .ngzm%‘ii =l
V.l \| ABB - X.v,)AT(B - X, fv,)

e Use full Belle data sample of 771 fb~! and apply Belle Il hadronic )

tagging algorithm

* After event selection separate the sample into B — X v, enhanced

and|depleted|subsamples based on N(K*, Kg) in X system

* Region of interest: Efj > 1 GeV

Events / (0.05 [GeV])

atio

* Simple cut-based selection to suppress B — X .£v, background:

~ 0.8}

o ) 00 125 150 175 200 225 250 275 | 5 : = T l o 5 35
4 M ml SS < ().43 GeV Ef*’ig [GeV] 7 [GGVQ]
» Veto D* to suppress B — D¥* fl/f events Ef and g* distributions in data and simulated data for the B — X Zv, enhanced

(top) and depleted (bottom) subsamples.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092016

Vi1V,

» Extract B — X £v, yield from 2D fit to ¢*

sample using 4 templates:

» Signal component:

4

4

. Efj in the enhanced

events (eTe™ — qq) - calibrated to off-resonance sample
(z/” from a secondary ¢ — s£v, decay) and (hadron

misidentified as £) lepton - calibrated from high M, and low Efj control

region

> template T; = 7(N5"™ — n;

B—X fyf
1,D

qq
—H'p

S+F
r]z D

7 - transfer factor from X v, depleted to enhanced subsample derived from the simulaton

* Extract B = X Zv, yield via simple background subtraction in total B — X¢£'v,

sample (remove D*

> NXC—n”Uf — NData

D- X /v, depleted sample
NiData - data yield in the i-th bin
n - yields for each component from the simulation

2 :
veto and MmlSS cut):
— ;/]qq _— an ufyf —_ ;/]
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S+F

New measurements of |V

Pull

0.0
2

Or

—2k

bl from tagged inclusive B — X7 Vg Signal extraction

2.71<q? [GeV2<4.96 | 4.96<¢? [GeVI<T51 | 7.51<q? [GeV?

E/ [GeV]

, where a is obtained from the previous fit

»| and |V .| at Belle and Belle Il

Fit to the ¢* : Ef distribution.

X 1.04

¢ Data
| BN B — (fake | sec. £)
B B X, /v
B 7. g=u,d,s,c
Syst o @
6 o ° *
[

Ob‘—- .

1.00 1.25 1.50 1.75 2.00 2.25
Bsi
E, ™ |GeV]

2.50

2.75

Determined background compared with all

events in the B — vaf sample |




| ub | [|V | bl from tagged mclusweB — Xz/” U,- Result

— = _____ p——— i e —— e e -

* The measured ratio of partial branching fraction for Eff > 1 GeVis:

Zﬁlé;Z?(;Z; —> ;}(;fé?l/é{)

— T —(1.99 +0.17(stat.) = 0.16(syst.)) X 107>
AABB — X Cv,) ( (stat.) (5yst.)

» Extract |V, |/| V., | using ATS“OY(B - X 7v,) = 58. 5+23 pstand [ T gl
4.5} e
ATKYB — X £v,) = 29.7 = 1.2 ps~! (Eur. Phys. J. C 81, 226 (2021)): | il
— 4.0} | J>/ |
“/;k>| = k//// ‘I'B
= (10.06 % 0.43(stat.) = 0.39(syst.) = 39) _
‘ VCb ‘ E ' = ljit to Exclusive I |
3.0} Xcéiﬁﬁﬁﬁiﬁﬁﬂ
+0.23(AI'(B =- X ¢v,)) £ 0.20(AI' (B — Xcz,”uf))) X 1072 | L
2.5' This Work |V,,,| SOV /|V, |kn |
34 36 38 40 42 44 46
» Compatible with both inclusive and exclusive determinationsof |V ,| and |V, | V| [1073]

» Most important sources of systematic uncertainties: modeling of the B — Xuzf U,

o Different measures of |V ,| and | V., | compared to the result
component; composition of the secondary and fake lepton component /

from tagged inclusive B — X?v,. (Image by M. Hohmann) ,

= —_——— — g —_— e —_——
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https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7

Conclusion



Summary

————— — _ ——a

» Studying semileptonic and leptonic B decays at Belle Il provide key tests of the Standard
Model and are sensitive to New Physics.

— AT 7 T T
E 46 E Exclusive [V 28% CL contours o
€ > — e Exclusive [V | Vib o peled : =
* Measurements presented in this talk: e H4F . e :
~ 492 VitV . IV_I: global fit —
- Average |V, |mc"Be”e ! i 3
» |V, | = (39.2 = 0.4(stat.) £ 0.6(syst.) £+ 0.5(th.)) x 107> = == =
38 =
_ +0.74 -3 3.6 AV ) =
> | Vi | = (4.41759) X 10 s QO 3
+0.09 -3 3aE- $ E
» [V, | = (4.01 £ 0.11(stat.) = 0.16(syst.)Ty-(th.)) X 10 33 T E
} Vb 2'8;_ i% -—;
V“ = (10.06 £ 0.43(stat.) £ 0.39(syst.) . L L

cb

+0.23(A(B — X,fv,)) £ 0.20(A(B — X £v,))) X 1072

Stay tuned for more interesting measurements from Belle 1.
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More about Belle II: detector + accelerator

* Belle II: general purpose spectrometer: 4z coverage; clean eTe™ environment with known initial state; good charged track reconstruction
efficiency, excellent particle identification, (7, 7¥) reconstruction; excellent vertexing (¢ ~ 60um for B, D vertices)

* Sub-systems:

» VerteX Detector (VXD) = PXD + SVD: o(Track impact parameter) ~ 15 ym
» PiXel Detector (PXD): inner vertex detector, 2 layer pixel detector, DEPFET technology

» Silicon Vertex Detector (SVD): outer part of the vertex detector, 4 layer double-sided strips

» Central Drift Chamber (CDC): main tracking system, 56 layers of longitudinal and stereo wires, He(50%):C,H¢(50%), 91% of solid
angle coverage, dE/dx resolution 5% (low-p PID)

» Electromagnetic CaLorimeter (ECL): consists of over 8ooo CsI(T) crystsals which create scintillalation light when a particle flies into
them, waveform sampling, 94% of solid angle coverage, eID eff. 90% at <0.1% fake, energy resolution 1.6-4%

» Particle identification: K/x: K eff. 0% at 1.8% x fake rate
» Time Of Propagation (TOP): PID in barrel region, 16 quartz bars, utilises the Cherenkov effect

» Aerogel Ring-Imaging CHerenkov (ARICH): PID in forward region, aerogel as a radiator medium, utilises the Cherenkov effect

» KLong and Muon (KLM) system: Alternating iron and detector plates, scintillator / resistive plate chamber, y eff. 90% at 2% fake rate. The Belle Il Physics Book, arXiv:1808.10567 (hep-ex)

* SuperKEKB collider:

Super
) ek

» Asymetric eTe™ collider

y (um) 00

» Nano-beam scheme

2.—1

» Target peak luminosity: 6 X 10> cm™2s™
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https://arxiv.org/pdf/1808.10567

More about Belle II: Luminosity

- 400

Belle Il Online luminosity Exp: 7-35 - All runs / | | n70
17.5 e IntegratedlumanSIty ............................................................................... : Peak /uminosity :
W Recorded Weekly 6 [ w/ QCS upgrade w/o QCS upgrade ] /__! 60
15.0 e [ L Racordeq it = 575.47 [fo7"] e e / -
0 i Integrated luminosity (delivered) / B
- w/ QCS upgrade w/o QCS upgrade —
125 S5H- [ in LS2 in LS2 ] 50

10.0 -

- 300

7

- 200

30

5:0'4

Total integrated luminosity [fb™1]

Peak luminosity [x10°cm2s]

Total integrated Weekly luminosity [fb™!]

100

g
un
]

20

O
o

10

Integrated luminosity (delivered) [ab™']

Updated on 2025/01/06 16:16 JST

Jan 2039
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Belle Il Luminosity Status



https://www.belle2.org/research/luminosity/

* Major improvements with the full exploitation of the available facilities up to ~2040: importance of LHCb-UII (300 fb) and Belle Il (50 ab)

* ~2050 perspective: FCCee at Z" pole: 6 TeraZ: 6x1022Z° would have a major impact

* Support needed for theory: precision on SM predictions should also be improved to match the expected experimental precisions

KENZIE, HUMAIR, JUTTNER, P1SCOPO PREPARED FOR VENICE KENzIE, HUMAIR, JUTTNER, PISCOPO PREPARED FOR VENICE

A LA S — ) ) 0.7 r . o
- STATUS NOow €K : III: LONG-TERM ~ / g/ G 300" ]
- ESPPU PRELIMINARY ] ¢ 3

0.6} - ESPPU PRELIMINARY Tera-Z 6x10'2 ]

- S]b( 25)

0.7

0.5

04 _

0.3F

’ Amg, A\
0.0 M | M " "

Y02 00 0.2 04 06 08 10

0.2}

0.1F
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https://agenda.infn.it/event/44943/contributions/263368/attachments/137557/206863/ESPPU206_Venice_MHS.pdf#page=22

More about FEI

* Full Event Interpretation (FEI) algorithm: tagging tool used at Belle Il - DETECTOR DATA ( .
: : : . : ? Track ' Displaced Verti Neutral Clust
* Especially useful when studying modes with missing energy - modes with one or { o ) o lces] [ e
more v or specific dark matter searches e
. - + + +
* Employs over 200 BDTs to reconstruct over O(10%) B decay chains = # K 8 P K} v
* Training output: list of B tag candidates and a probability to have a correct ; INTERMEDLATE STAGES 70 :r———KOT a
reconstruction — S £
m = -
 Tagging techinques include reconstruction of the B l v+ I
. 3 : =
meson candidate with: - L DO D+ D '
. . INCLUSIVE s
» Inclusive tagging 5 A+
 Sermil . . e = 0(100) % - § e *1
- o :
emileptonic tagging FEI Consistency with BB 2 LD D™ D: )
} Hadronic ta in {;}: .. ..................................................................................
ot SEMILEPTONIC TAG S B MESON CANDIDATES 0 ot
» Trade-off between: a| & B” B
e=0(1)% D 1
» High efficiency: fraction of events that are Knowledge of By ) ] S
. . U, a0
gt 6l o g HADRONIC TAG ? Hierarchical reconstruction applied by the FEI, which starting from
) High purity: fraction of identified tags that are ch_ff,\ = charged tracks, neutral clusters and displaced vertices. These basic objects
correct e = 0(0.1) % P~ are interprated as final-state particles (e*, u*, K™, 7™, p, Kg and y)
Exact knowledge of B " v v combined to reconstructs intermediate particles (J/y, 7V, Kg, A,, D, D¥)

» Good kinematics information: minimise missing/
fake

and finally candidate B tags.
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https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf

Mlssmg energy in the event

In semileptonic decays of B meson we have at least one v in the final state. To partially recover missing kinematic information we use tagging

technique by reconstructing one of the B mesons in hadronic/semileptonic decasys. Then the signal B is constructed from the remaining
particles in the event.

Powerful variables to suppress background or to identify signal decays are:

* Missing mass of undetected particles Mi-

* Residual energy in the calorimeter

2EXES — mi — ms

* Use available kinematic constraint cos fzy = , where Y is a meson-charged lepton system.

2|P§||Py|

Signal decay with neutrinos 1 missIng neutrino

/\ 1 missing neutrino

> 1 missing particle

Candidates
Candidates
Candidates

> 1 missing particle
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* Total cross sectionof eTe™ — qqg (q € {u,d, s, c})
is ~ 3 X larger than the processof eTe™ — Y (45).

The pairs of quarks created in the e*e™ annihilation
hadronise into light hadrons that can be a large
source of background - continuum background.

wol

. p(g) ~5GeV/c
* These two types of events can be separated using

variables describing the event topologies. While in 7 p(B) ~ 0.3 GeV/c
continuum events the initial pairs of light quarks are ete= > qd, (@ € {u,d.s,c}) ete— — Y(4S) — BB
produces back-to-back in the CMS and the hadrons

produced in the fragmentation are spatially

: ST . DD A schematic illustrati '
confined into a jet-like structure, in BB events, schematic illustration of the geometrical event shape

, difference between continuum and BB events
produced B mesons are almost at rest in the CMS

and by having spin 0, the momenta of their
daughter particles have mo directional preference
and are distributed isotripically - resulting in a

spherical shape of BB events.
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https://publikationen.bibliothek.kit.edu/1000028856

— — e

The precision of determining w relies on knowing the B meson direction -

cannot be measured directly (missing v). To access B meson direction in
untagged analyses different techniques are used:

» diamond frame approach: We know that the B meson 3 momentum must

lie on a cone around D/ system, but the flight direction of the signal B
meson on the cone is unknown. The diamond frame technique assumes
an arbitrary flight direction by choosing an azimuthal angle on the cone

and computing the kinematic variables — i.e. w or ¢>- under that
assumption. By repeating the procedure for multiple directions on the
cone and assigning a weight for each, the parameters are obtained in a

weighted average over the directions. Here, the weight is a sin? 07 since

Y(4S) is produced in e e annihilation.

» Use the information from the ROE to constrain the B meson direction.
Constructing 1_51}:015 by summing up all unused tracks and clusters then

place the B meson on the direction on the cone that is most back-to-
. =4
back with p2 .
» Combining the two: in the diamond frame approach, a weighted average

is computed over arbitrarily chosen cone direction, but now the weight,

a = 5(1 — PyProp)SIn” 0, takes into account how back-to-back the B

meson lies with the ROE and the angular distribution in Y (4S) decays.

| V. | fromuntagged

== — = _ [ —— —_— e ————

exclusive B — Dly,

P,=P,*P,

n/2

(a) (b)

(@) Shematic of the diamond frame method, averaging over 4 direction.
(b) Schematic of the ROE method, placing the B meson direction back-to-back

with p* .




| bl fr()m untagged excluswe B — D¢ Vg

* Other results: Source Uncertainty [%]
. ) Statistical 0.9

» To test lepton flavour universality Systematic [ £
e/ B lifetime 0.1

R //t — %(B —> Del/ )/%(B —> D//tl/ ) Signal form factor 0.1

€ H B — D*fv form factor 0.1

| Z— ( ) ( ) B(D — Kmn(m)) 0.5

R* =1.020 = 0.020(stat.) £ 0.022(sys. oD k) 08
Noppass 0.7

. . . _ 0.1

» Consistent with the SM expectation J;;O/ I+ 0.4
Background w modelling 0.3

» Determine |V, | using CLN (Nucl.Phys. B530 (1998) 153-181) form (H5h, ) Teweighing 0
cb Lepton identification 0.3

factor fit Kaon identification 0.6
Vertex fit x? correction 0.3

CLN _3 Simulation sample size 0.5

‘ ‘ — (38.5 i 1 .3) X 1() Theoretical 1.3

Lattice QCD inputs 1.2

Long-distance QED 0.5

» Consistent with previous measurements by BaBar and Belle Total 2.1

» Due to limited precision of the CLN form factor, the | V_, | value

Fractional contributions to the total uncertainty on the
obtained using BCL form fator is selected as the central value

extracted value of |V, |. The sizes of the contributions
are given relative to the central value.

AN @ HQL (2025), September 2025


https://arxiv.org/abs/hep-ph/9712417

|V . | fromtagged exclusive B™ — 771

= — — _

* Continuum reweighting to correct the mis-modeling between Source Syst.

simulation and data using MVA classifier to obtain weights.  Simulation statistics 13.3%

@CR Fit variables PDF corrections 5.5%

CR _ ] . . Decay branching fractions in MC 4.1%

Wi o 1 . @CR @i - output of the classifier for event i Tag B~ reconstruction efficiency 2.2%

! Continuum reweighting 1.9%

T T TR I L, i ﬂoreconstructionefﬁciency 0.9%
8000Belle II Preliminary B T MC Stat. Unc. 4 8000~Belle II Preliminary N vt MC Stat. Unc. -

g Jedi=a2 17 g v CiResDem gL Edt= 42 7 mm g7+ OfffesData Continuum normalization 0.7%
q60001++++—o—-— 5 GGOOOT === Particle identification 0.6%
%ZZZS %ZZZZ After Number of produced 7°(4S5) 1.5%
2 oo 2 o app]ymg@CR Fraction of BT B~ pairs 2.1%

- — wiCR e Tracking efficiency 0.2%

1000 1000 1 - @zCR

O O Total 15.5%
gm‘g - — éwg = e ] Summary of systematic uncertainties (syst.) on the fitted branching
it ey kb SR T fraction presented as relative uncertainties. The effect of each source is

5.24 Bl b.206 Dkl DLA0 5.29 5.24 D29 5.26 5.27 5.28 5.29 p

My, (GeV/c?) evaluated in the simultaneous fit of the four signal modes. The last three
sources do not affect the signal yields. The sizes of the contributions are

given relative to the central value.

M. (GeV/c?)

M, = \/ (El;keam)2 — | ﬁf’;g | in off-resonance data and continuum simulation before (left) and after

(right) the continuum MC reweighting.




S

extra
EECL

(multiplicity of extra neutral

* To calibrate

of n

}/extra

clusters) from several control samples:

» Extra-Tracks sample (>2 tracks in ROE ):
reweight BB simulation

» Reconstruct BT — D7 v, reweight
the signal simulation for leptonic modes

» Reconstruct two non-overlapping

hadronic tag B mesons with opposite
charges in the event: reweight the signal
simulation for hadronic modes
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—— e

use bin-by-bin correction

|V . | fromtagged exclusive B™ — 771

IIIIIIIIIIIIIIIIIIIIIII

Belle II Preliminary
frdt =365 fb1

F~+ v 7 T ' F v 1
 Belle II Preliminary
- [cdt =365 fb~!

4 Data

——

M PP I |
4 6 8 10 12

extra nyextra
T T d [ ! i | ! d I F ! ' | ' I
Belle II Preliminary EE B*-t'v, Hl qq " Belle II Preliminary B B*—7*v, Hl qq 1
2500_f£dt= 365 fb-! = B*E' MC Stat. Unc. 2500L_f£dt= 365 fb-1 == B+£3' MC Stat. Unc. ]
Em B°B° 4 Data L B B°B° 4 Data
_ 2000 - _ 2000/ o]
e Before g | After
~ ~ b
2] 1500 il ° ° 2] 1500F ° °
o - }
c callibration = callibration
> > .
[ 1000 (1 1000
500+ 500
0 0
Q) ’ ! - =
Olla= 3F Ol 3
I : S
ks -
(5 -3 3[S -3r
< . N L ‘ : ] - t L - N
0.0 0.2 0{4 0{6 Of8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Egra (GeV) EEEr (GeV)

Distributions of n, (top) and EZHT (bottom) before (left) and after (right)

applying the n, calibration.

tr




* The measured partial branching fractions are in three separate phase space regions - Fit 1 (E? > 1 GeV),
Fit2 (E; > 1 GeV & My < 1.7 GeV) and Fit 3 (EZ > 1 GeV & My < 1.7 GeV & g* > 8 GeV?):

|V | fromtaggedi

ABB — X v = (1.54 £0.08(stat.) = 0.12(sys.))

ABB — X, v,)"? = (0.95 = 0.05(stat.) = 0.10(sys.))

ABB — X v,)5 = (0.55 £ 0.03(stat.) = 0.05(sys.))

nclusive B - X [v

Inclusive B — X, £v model Fit 1 Fit 2 Fit 3
i BLNP 62.9757 475145 24.472:6
Al'lps™]  pce 59.47575 431743 25.0+18
Sl 608736 47613 250122
BLNP 3.944+0114+0.167917  3.55+0.10+0.197217  3.794+0.09 +0.1879-2)
|V, | X 10° Dbee 4.05+0.11+£0.165010  3.73+£0.10+£0.20013  3.75+0.08 £ 0.1813 13
U
GGOU 40140.1140.16%33%  3.5540.104+0.19*%11  3.7540.08 4+ 0.18+%:17

Theoretical B — X,£v, decay rates Al (excluding the | ij | term) and |V, | obtained from three different

theoretical predictions in three separate phase space regions. The values of Al are used to compute |V, |.
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The uncertainties are (stat.

), (8ys.), (th.).

Belle Il Preliminary

This E
t :
measuremen BLNP .= i‘

EP>1 GeV DGE g
GGOIlI e
BLNP +—— |
ES >1 GeV o |
My<17Gev § PG T |
GGOU +——+—e— i

BLNP —— :
EE>1 GeV |
My < 1.7 GeV DGE ——e g
g% > 8 GeV? ;
GGOU  +——e i
HFLAV inclusive — =
v 2t0 | 2t5 | | v 3i0 | | 3?5 | | 4t0'l ' ‘ 4.5
IVubl x 10°

Comparison between the three values of |V, ;| (obtained from
the fits in different phase space regions and using three different
theoretical frameworks), the inclusive, the exclusive and

36




|V .| fromtagged inclusive B — X [v,

Relative uncertainty (%)
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Non-tesonant B — X Zv decays Jre Uncertainty source Fit 1 Fit 2 Fit 3
B u” “r
g g _ g DFN parameters 4.4 4.5 5.7
simulated using the model of De-Fazio and AL s i e io is 4
Neubert (DFN) vs 1.7 2.1 3.1
B — wflv form factors 0.3 0.3 0.3
B — pfv form factors 0.3 0.3 0.2
B — wfv form factors 0.1 0.1 0.1
l d f . B — n/n'fv form factors < 0.1 < 0.1 < 0.1
Brea’ ( Own O SyStema’th B* — X, /v branching fractions 0.9 0.6 0.5 -
. . f h . l B” — X, tv branching fractions 0.6 0.5 0.5 Fit test:
uncerta’lntles O t e pa’rtla B — Dgloaq form factors 0.5 0.1 0.2 ) I t K t d ﬁt
. . B — DX arrow form factors 0.1 < 0.1 < 0.1 nver VElo an
branchin o fraction B — D/ D2 form factors <01 <01 <01 CR CR
. B* — X_.fv branching fractions 0.7 0.5 0.2 K.low K’hlgh
obtained from each fit. B b ittt Aot 08 02 L » Take signal MC template from SR
y branching fractions 0.1 0.3 0.1
SR X.fv normalisation 1.6 3.5 3.4 and ln]eCt 1t In MC and da'ta'
CR X v normalisation 0.9 1.1 0.4 . .
Bbier Lax toromdsmormilalion 0.3 N/A N/A » Can choose the normalisation of
X, fragmentation 0.3 14 3.9 the signal injected in data
N (as) 1.4 1.4 1.4
FEI 1.3 1.3 14
Slow pion efficiency 0.4 0.2 0.3 > 1 >
L e o 02 iy Two sources of bias were identified
fE0 0.6 0.7 0.6 in a fit test:
Continuum calibration 0.2 0.2 0.2
Tracking 0.3 0.3 0.3 > 1 1
K3 offciency o o & Small shape and mismodelling
et SR Tl <0l <01 differences between CR and SR
Simulated data statistics 1.1 1.1 0.8
Breakdown Of uncertainties added Relative uncertainty (%) / 4 B — chl/f correction factor 1S
following the bias corrections. All o R L 20 2 1.8 overestimated
omposition uncertainty 1.3 5.7 0.2
Systematic Statistical and total B — XCEI/ overestimation correction 2.6 0.4 1.3
’
PR Total systematic 7.9 10.5 9.7
uncertainties of the corrected Seatait il i o i
Total 9.6 11.9 10.7

branching fractions are listed.




V. |/|V.,]| fro

m tagged inclusive B — XZ v,

— — — [ —— e — — — _ = = — ————=

= — = = e

R x 100 1.99

* Other results: Stat. Error (Data) 3.5

B(B — m/n/p/ w/n’fﬁl)_ 0.2

» Lepton flavour universality i 0

Non-resonant B — X £v,decays are g ‘

, i u , Hybrid Model (BLNP) 1.0

AAB(B — Xueye) simulated using the model of De-Fazio and DFN (mXYN, g¥N) 5 1

= 0.79 £ 0.13(stat.) = 0.07(sys.) Neubert (DFN) Nyrss 0.4

AFABB — Xul/wﬂ) B(B — Dv) 0.1

B(B — D*(v) 0.8

AABB — Xceye) B(B — D**v) 0.3

= 1.002 £ 0.005(stat.) = 0.024(sys.) B(B — D™new) 0.2

A%(B —> XC,MI/’M) B(B — DWrniv) 0.2

FF(B — Dtv) 0,2

BB — X ev,) FF(B — D:fvz 0.9

= 1.007 = 0.005(stat.) £ 0.025(sys.) FF(B = D™v) 0.4

— Sec.Fakes. Composition 3.8
BB —> X.uv,)

crH In-situ ¢* Calibration 2.8

/1D Efficiency 0.1

» [sospin breaking effects: measuring the ratio of partial branching Zo 1D Bt 0

N Bt XOK-I_U Kz)rID Fa.\,ke Rate 0.6

R, =2 2PE = Xl v Ry, = 0.70 = 0.13(stat.) = 0.07(syst.) 53 By 03
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