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The semileptonic

Semileptonic (SL) B decays are studied to determine
the CKM elements |V, | and |V,p|.

In Standard Model(SM), the CKM matrix is unitary.
The measurement of the |V, | and |V, | provide the

global constraint power on the Unitary Triangle (UT)
fit.

The measurements can be either :

“Exclusive” —reconstruct through specific single final
state. Examples : B » nfv, B - Dfv, B - D*fv

“Inclusive ” — reconstruct other particles than a
lepton inclusively into X. Examples : B = X, fv

Experiment Theory

Exclusive 1. Lower signal efficiency Lattice QCD

2. Lower background

Inclusive 1. Higher signal efficiency Heavy Quark Effective

2. Higher background Theory (HQET)

B decays

Semileptonic B decays:

Voo

Exclusive decay:

Inclusive decay:

CKM Matrix:
V:ud ‘/vllS
Verm = | Vea Vs [Ven
Via Vis Vi
d S b

Unitary Triangle:

(p-n)

(0,0) (1,0)

Vud Vg + Vea Vay + Via Vi, = 0



Experimental Status

* There are 2 anomalies in the SL B decays.

* The first one, the exclusive measurement on |V |
and |V, | shows a discrepancy from the inclusive
one.

* The SL B decays can also be used as a Lepton Flavour
Universality (LFU) test. The ratio between the
branching ratios(BR) of different flavour can be
measured.

For example :
" __ BR(B—D*tv)
R(Dz/e) = BR(B—D*£v)

Here comes the second anomalies. The LFU is
violated.
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Experimental Methods

17th May 2023

BROE

Untagged:

Only B4 is explicitly reconstructed.

Tagged Untagged
| Signal Yield Low High
| Backgrounds Low High
| Neutrino Good Poor
Reconstruction
| Tag calibration | Yes No

LAL, Tak-5hun (IJC Lab)

Tagged (Full Event Interpretation™):
Both Bg;4 and Btgg are both explicitly

reconstructed.

Comp. and Soft. For Big Sci. 8, 6 (2019)
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https://arxiv.org/abs/1807.08680

Super KEKB and Belle Il

* Super KEKB :
ete™ collider at 10.58 GeV, the Y(4S) resonance.

T 34 . —2.—1
The peak luminosity is 4.7 X 10°*cm™“s™ . KEK
Tsukuba,
d Be”e “ KL and muon detector _]apan
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)
A —
EM Calorimeter
Csl(TI), waveform sampling electronics
—
= ﬁarticle Identification i
electrons (7 GeV) Time-of-Propagation counter (barrel) Yooty K a
Prox. focusing Aerogel RICH (forward) Fukuoka {p ka
Vertex Detector - N:: e
2 layers Si Pixels (DEPFET) + I uma
4 layers Si double sided stri g \\ :g mm: -

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

The semileptonic decay from B meson has the highest branching
ratio (>10%) for both neutral mode and charged mode.
With the integrated luminosity 189.3 fb~* data recorded by the
Belle Il detector, some interesting result was observed.
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Outline of Measurements

e Exclusive meagurements of [Vep| :

1. untagged B - D** €7V, (to be submitted to PRD)
2. tagged B® - D*” £*v, (arXiv : 2301.04716)
3. untagged B — D¥v, (arXiv :2210.13143)



—0
Untagged B - D* ¢ v,

* There are 4 main observables, including 3 angular observables

8,, 8, and y. While the remaining observable w, is defined as

v=(m) (i)

* The differential cross-section is then :

a*r 2(2
x< |V w, cos(6 ,), cos(6
dwdcos(08,)dcos(0y)dy Vel (w, (00), (0v), x)
/
ﬁo Belle Il jcdt=189.3h Belle 1| [ dt=189.37b
. BY-»D"te v, — Signal. 60 _ EO_’D*+E_F,E
[ True D" background I
20.0¢ [ Fake D" background —_ i
L 3 5} 4
g _ } - ;
g 10.0 u"l':: 40 - —— ——
E S —4—
5.0-4,—\—‘—\_\_\—%—\; X 30 ——
2 20 [ :
%45 T1 12 13 14 s E_ r .
w S [ Fitted BGL
10 Fitted CLN
_3 i W Experimental data
L(:() BCQL — (409:|:0‘3:|:10:|:0()) x 10 01.0- — Illll - -1-2- L .1:3. . ‘1.4‘ . .15

L/(:b

crn = (4044 0.3+ 1.04+0.6) x 1077
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BGL parameterization
ys. Rev. D56, 6895 (1997)

ha,(2) =ha (w=1) (1 — 8p%z + (53p% — 15)22

—(231p° — 91);3).

CLN parameterization

Nucl. Phys. B530, 153 (1998)



https://arxiv.org/abs/hep-ph/9705252
https://arxiv.org/abs/hep-ph/9712417

* Tagged events analysis allows a more precise
understanding of B = D*~£*v, , which is a stepping
stone for the future measurement of R(D; ).

* The differential cross-section is :
2

e

— m-(mpg — mp ){q(u) Fz(u;j
487

new = 1.00662 + 0.00016",

and F(1) = 0.906 + 0.004(stat) + 0.012(syst) .

‘/cb‘z

7

. [CLN parameterization}was used to parametrize the ph
space factor and the form factor.

—
* RESULT: [r;EWF(l)VCb x 10° = 34.6 £ 1.8 (stat) = 1.7 (syst)]

(arXiv :2301.04716)
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Phys. Rev. D 89 (2014) no. 11, 114504
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https://arxiv.org/abs/2301.04716

Untagged B - D¥v,

* Both the neutral mode B® - D~¢*v, and the charged

—0
mode B* - D £*v, were studied.

* Untagged sample was used to maximize the statistical
power, but large combinatorial background from B —
D*fv were also included.

* The differential cross-section dI'/dw was studied, which is
directly proportional to |V,,|? and the square of form
factor. BGL parametrization was used.

* Thefitresultis: [T}EW\VCb\ = (38.53 +1.15) x 10‘3]

(arXiv:2210.13143)
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https://arxiv.org/abs/2210.13143

Outline of Measurements

* Exclusive measurements of |V,,p| :
4. untagged B® - m~ €% v, (arXiv : 2210.04224)
5. tagged B — mev, (arXiv : 2206.08102)



Untagged B’ > 7= ¢1v,

* The differential cross-section dI'/dg? with form factor
provided by “Phys. Rev. D 92, 014024 (2015)” is used,

where g% = (pg — p)?

d0(B — 7tv)  G%|Vi|?
1 }z P P ()

2

V4

—
*

\/_
: Pg

2
« To obtain the g? distributions, My, = (7) —

and AE = Eg — \/?E was used. The 2 observables were

plotted into 6 different g2 bins.

Viol o, -+, = (3.60 £ 0.18(stat) £ 0.14(syst) £ 0.18(theo)) x 107
e Results: |Vilpo, .+, = (3.71£0.16(stat) £ 0.15(syst) £ 0.17(theo)) x 107°

Vol ooy, = (3.55 £ 0.12(stat) £ 0.13(syst) £ 0.17(theo)) x 107

(arXiv :2210.04224)
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https://arxiv.org/abs/2210.04224

Untagged Tagged B — mev

Neutral mode B® bins 1-3:
* Both neutral mode B® and charged mode B* were studied.

. Belle Il Preliminary [rdt=189.3fb* Belle Il Preliminary [cdt= 1&9%
. Similarly as the untagged one, The differential cross-section g ’ " |
dI'/dg* was used.
s ass) =R TRE T

-1.0 -05 00 05 1.0 15 20 25 30 -1.0 -05 00 05 1.0 15 20 25 30

M2, [GeV2ict] M2 AGeV2ct]
Belle Il Preliminary [cdt=189.3fb}

* Due to the limited sample size, only 3 g bins were used.

. Tozobtain tfzwe g? distributions, MZ,; was used, where
Miniss = Pmiss: Pmiss = PBg;, — Py, and Y represented the

electron-pion system. Also, PBg, = (?

Vil g d
Ty T

. 0.5 1.0 1.5 2.0 2.5 3.0
M2, [Beviict]

Belle 1l Preliminary [cdt=189
L B | T T

) _ﬁBtag )

-1
le—5 3fb

- ;Umf |
* The fitresultis: | Decay mode Fitted |Vyp| NEO'B;
BY & m ety (3.71 £ 0.55) x1073 =
Bt = mlety, (4.21 + 0.63) x1073
(arxiv : 2206.08102) \Combined fit (3.88 £ 0.45) ><10—; 0 .

q? [GeVic4] q° [GeVic™4]
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https://arxiv.org/abs/2206.08102

Outline of Measurements

e Exclusive measurements of LFU: ~
6. Test of Angular asymmetries with tagged B® —» D*~ £*v, (to be submitted to PRL)

* |nclusive measurements of LFU:
7. Measurement of R(X,/,). (arXiv : 2301.08266)



B — D*te- Vy Angular Asymmetries

Belle 11 I [cdt=189.3f1
16F BO D"+, |
3 14} | ;
X Elz- '_*_ll—f—' +‘—f—
A <l
X gt |
< :_—Q—' :
£ |
T Lt 1
/ 85077075 ~050 025 0p0 025 050 075 1.00
cosé,
. . ary ! 0
The asymmetry A, is defined 4, (w) = (W) V / } - (13
u U

There were 5 observables defined, x = cos(68,), cos(2y),
cos(y)cos(6y), sin(y)cos(8y), and sin(2y). They are labelled
as Arg, S3, S5, S5, and Sq respectively.

The asymmetries were studied in 3 different w ranges,which are
Wiow < 1.275, Whigh = 1.275, and wjp -

The asymmetries were studied separately for electrons A€ and
muons A*. The results were then compared by AA = A* — A°.

Result :
Belle TT (2023) [Ldt =189 b~
Ars —
S3
—
St —t
57 — 2
SM
Sy e e
[ ] Bobeth, et al.

———
T T T

T T [ T T T T [ T \
-0.2 -0.1 0.0 01 0.2
AA = Ar — A°

The observables are in agreement with the
Standard Model.




R(Xe/) Measurement | | f i ron

F I Xcev Xpr
BR(§ X __) 12500 FE0 er Background j: Background [ ]
.. . -Xe~v i
e The ratio is defined as R(Xe/ ) = :- e: C‘,Ul_ltllllllllll 1 C;on_tlnuum C
2 BR(B-Xu~v 10000 E MC tot. unc. MC tot. unc.
where X is generic hardonic final state, and B can be any flavour. .+ Data aiwi®ies  Data

Events per bin

* Toincrease the signal purity, full event interpretation was used. Fully
hadronic B mesons were tagged. To reduce the fakes and secondary

leptons, p;>1.3GeV was required.

* Experimentally, the ratio is obtained by

rrmeas  arsel  nrgen
N, N N

-kt 14 1.6 18 20 22 14 16 18 20 22
N Nl N pB [GeV/(] pf (GeV/(]
, Where Nsel was the selected signal yield, Ng was the generated

events in the full space, and N,;**% was obtained from the fit on signal
region data. The signal yields were extracted with simultaneous binned

maximum likelihood template fits to pg and pj}.

Normalized
residuals
o
o
[
| J

(]
[
)
[ ]
[ ]
[ ]
.
[

R(Xe/u) -

And the final result :

[ R(X¢/,) = 1.007 £ 0.009(stat) + 0.019(stat) ]

 The result is consistent with the SM.
(arXiv : 2301.08266), while the

result in arXiv is not updated.
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https://arxiv.org/abs/2301.08266

Outline of Measurements

e Other Semileptonic Measurments



Other Measurement

17th May 2023

The inclusive measurement B — X Vv, decays was performed.
(arXiv : 2205.06372)

In this measyrement, the spectral moments of the lepton mass
squared < q“™ >, wheren = 1,2,3, and 4, were the observables.
“The simultaneous analysis of these moments can determine the
non-perturbative matrix elements as their contributions vary with
the g2 threshold.”

|V.p| was not measured in this paper directly, but there is another
paper using the same method and using both Belle and Belle Il data.
(arXiv : 2205.10274)

The result is[chbl = (41.69 + 0.63) X 10_3.]

Branching ratio (BR) of TAGGED B — pfv, decays was measured.
(arXiv:2211.15270)

Both neutral mode and charged mode were measured.
The signal yield was fitted by using the M/ ;.. and M (7mr)
distribution.

|V,.p| was not measured in this paper, while the BR is :

B(B" = p '?'}};} — (4.12 + 0.64(stat) = 1.16(syst)) x 10~
B(B* = p’t*u,) = (1.77 £ 0.23(stat) & 0.36(syst)) x 10~

LA, Tak-5hun (IUC Lab)
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https://arxiv.org/abs/2205.06372
https://arxiv.org/abs/2205.10274
https://arxiv.org/abs/2211.15270

Summary

Belle-Il performed both exclusive and inclusive measurements of |V ;| and |V |.

The discrepancy between exclusive and inclusive results still exists.

No significant LFU violation has been observed.

With new data samples, more exciting results are expected.



Back up

—0 _ r X
Untagged B - D" {7 v, f\ . A
* To reconstruct the 4 main observables, w, 8,, 6y, and x, other / w\ / /

variables were needed.

* B meson:
* Eb * 2 2 ,, \’\""#”0_'_“
EB P |pB _ \/ (Ebeam) —m L \\
o \— = ‘l.‘;‘r
* From the reconstruction of £ and D* : | 90//

2EBEY mB mY

~where Y is the combined D*and ¢
2|pg Dy




Back up
Some data from Particle data group

Vcb
Vcb
I/cb

= (42.2 £ 0.8) x 1073 (inclusive)
= (39.4 + 0.8) x 1073 (exclusive)
= (40.8 + 1.4) x 1073 (average)

= (4.13 £ 0.121313 + 0.18) x 1073 (inclusive)

= (3.70 £ 0.10 £ 0.12) x 1073 (exclusive)
— (3.82 + 0.20) x 103

https://pde.lbl.eov/2022/reviews/rpp2022-rev-vcb-vub.pdf



https://pdg.lbl.gov/2022/reviews/rpp2022-rev-vcb-vub.pdf
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