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Motivation
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Precise measurements important to
constrain CKM Unitarity

Direct information on V., and Vg
can be extracted from semileptonic
decay rate exclusively or inclusively

Experimentally measured
branching fraction
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Motivation
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Schematic Overview of
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Test of lepton flavor universality with
measurements of R(D') and R(D*") using
semileptonic B tagging at the Belle || experiment
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arXiv.2504.11220
submitted to PRD

R(D™)): reconstruction Tagside

* First R(D(*)) Belle 1l measurement
with semileptonic B tagging:
B — DY,

* Neutral mode T(4S) — BB’ is
studied

* Reconstruct ng candidates in D¢~
and D*/~ final states not associated

with the B,z candidate

* 7 decays identification from
T =0 v,

* D mesons reconstructed in multiple
hadronic decays on both sides: tag
side 26 decay modes, signal — 13 Signal side

* Require cos 03¢ € [—1.75,1.1] and 2Egecam Ey — sz — m%,
cos 038 € [~15,1.1] cos gy = 2 Bs |By]
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https://arxiv.org/abs/2504.11220

R(D™): analysis strategy
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BDT used to separate the events in
3 different types:

1. Semitauonic signal events:
B— DWry

2. Semileptonic events:
B — D"y and B — D** (v

3. Background events:
continuum and BB

Density of data events

BDT trained on five input variables:
the most discriminating variables are
cosOpy and EZS?

Each event is assigned a BDT score:
Zr, Zyy Zbkg

Define Z4iff = Z¢ — Zbkg




R(D™)

results

- Extractsignal and normalisation yields using a 2D binned likelihood fit of z.

and Zzgigr

- The fit is performed over 4 separate channels: D¥e~, D*u—,D*te=, D**u~
- 10 fit parameters: 2 for the signal, 2 for the normalisation and 6 for the

background
Belle II
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R(D7,) = 0.306 = 0.034st.¢ = 0.0184st
R(D,,) = 0.418 = 0.074stat = 0.0515yst
Tension between the LFU-sensitive

quantities R (D, ;) — R(D}/,) and
SM predictions increases to 3.80

R(Dy},) = 1.08 = 0.04stat = 0.02yst
R(D;,,) = 1.07 = 0.05stat = 0.02yst

Consistent with the SM within
1.60 — 1.20
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Measurement of the ratio of partial branching
fraction of inclusive B — X /v to B— X /v and
the ratio of their spectra with hadronic tagging




Phys.Rev.D 111,092016

| Vbl /| Vep|: reconstruction  pataset and Tagging

711 fb1 Belle data
%10 6 PD . .
¢* [GeV?]<2.71 2.71<q? [GeV?<4.96 | 4.96<¢? [GeV?|<T7.51 751<¢? [GeV?] (772 X 10 BB Pa“'S) Wlth
i improved Belle Il hadronic tagging
Z3 B — (fake | sec. £ .
LOF B3 B X algorithm
3 B X, w
3 Total .
205 77 o — K" and Ks reconstruction for
200 J—’— tagging b — ¢ decay
T .
"Lpa I ——— . .
04 v T S N(K) > 0 signal depleted
M%gL \& sample for Xfv decays
oy N(K) = 0 signal
P X . enhanced sample to
Zoof e ; . "y extract signal yields
-2 . + — - — Inclusive D* reconstruction for
B [GeV) b — c veto via soft pion and

high M%niss
1D fit to E; in u-depleted sample to get NXe£¥
2D fit to E; x g% in u-enhanced sample to get NX«t¥
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092016

= B Simulated e
%

| Vibl/| Vep|: results ]

& &=
=
Unfolding B — Xylv and B — Xclv yields in ratio & 'f"
with corrected efficiencies e %ﬂ-}
\610*Z ‘I_
<
[Vl  [AB(B — Xybv) AT (B — Xcbv) 10 15 20 25
Vool ~ \| AB(B = Xctv) AT (B — Xutv) E[™ [GeV]
B ([ S| E——
Theory decay rates: i’u + Data
ArCGOY (B — X, fv) = 58.515 7 ps~* g
~
ATBENP (B X, 0v) = 615754 ps! g
ATKIn (B 5 X fv) =29.7+1.2ps ™} §§ iﬁq#?
<1102
0 5 10 15 20 25
¢ [GeV?]
Branching fraction for BLNP and GGOU:
Vv,
||V_UZI| = (9.81 £ 0.42tat. = 0.38syst. & 0.51a1(5osx,00) T o.2oAr(B_,Xclv)) x 1072
Ci
|Vub| _

el = (10.06 + 0.434tat. + 0.3%yst. & 0.23ar (5 x,60) £ 0-20ar (B x.00)) X 1072
cb




Measurement of inclusive B — X, (v partial
branching fractions and | V| at Belle Il




To be submitted to PhysRev

. ! sigBelle I Preliminary Jedt=3657" «cBelle Il Preliminary  [rdt=365fb~1
ubs reconstruction #s s SRR S e R
[l . . 175| EER B Xy EP>1Gev Ef>1GeV
Hadronic tagging + reconstructed e or p 5 X, in 140 My <17 GeV
150} B55 Uncertainty
" 4 Data

Neutrino characterised as missing energy
EfE11.6,1.9)

5 i
EEN0.13)| E/E113,16) | EE1L6.19) | Ef€19,27] Ereno2n

" Hadronic system X characterised from
rest-of-event

Events
Events

Background suppression 050

— Continuum suppression via a NN using Event 025 020

Geometry variables 000 000
—  Xc&v suppression via a NN using the worse E”S xld.0.f=2812 ] %”5 ripfsenz )
reconstruction of B — Xcfv decays and low &P+ g oo P ;
momentum 7 properties to reject B — D*€v O e v w6 O i w b w
decays + kaon veto q? [GeV?] q? [GeV?]
\Belle Il Preliminary [z dt =365~ Anal){5|s .based on avall_able kinematic constants:
1O ] Gev Continuom 251 ory == 3 main kinematical variables to suppress Xclv :
Fake ! @@ Xtv
e, ey Weumcat. 1. E¢(B) - lepton energy (in Bsg rest-frame)
" o mm 2. Myx - mass of hadronic system
<
2o 3. ¢° - lepton neutrino system 4-momentum
squared
. . . - Xubv,
Binned template fit with 3 components: X,¢
Xclv — main background, others backgrounds —
Qaas N fake/secondary leptons + continuum
g 00 L
ol bh Simultaneous Fit with the control sample, to correct
Sxe the shape of the X.fv background

August Semileptonic B-decays at Belle and Be

Belle I




Belle Il Preliminary

V . | This
Ub' resu ts measurement
BLNP I
EFf>1 GeVv DGE gt
EE >1GeV EE.q? GGOU —ei—
Ef >1GeV B, .2
Ej:q
My < 1.7 GeV t BLNP
EF > 1Gev EP>1Gev
My < 1.7 GeV EZ My <17 Gev DGE i
q? > 8GeV? GGOU  ——e——it
3 different fits in the 3 different phase spaces to EF>1GeV B /
extract the signal strength My <17 Gey DGE ——
. . . q? > 8 GeV?
For broadest phase-space region with most reliable GGOU et
theoretical prediction:
AB(B — Xufv) = (1.54 +0.08 £ 0.12) x 103 HFLAV inclusive —
The obtained value of |V, using a partial decay rate
predicted by the GGOU framework is T
|Vup| = (4.01£0.11£0.1675%7) x 1073 IVuol % 10°

Measurement is competitive with other measurements
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Determination of | V| using B — D{v, Decays
at Belle |
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arXiv.2506.15256
submitted to PRD

Vp: reconstruction

_ - Belle IT Preliminary JL£dt =365fb"1 Belle II Preliminary JL£dt =365fb"
Candidate B — Div formed so00 | = B Dlw BOHD’E+VF 8000 - gl B— Div BO‘)Di,UJ'V,r
from E(e, ,u) and S lEm BeDw Prefit == BoD'w Prefit
D K K ~ |3 e — o[ == True D

— KT, — KT @ 6000 B Fake D ™ [ Fake D
= B Continuum = B Continuum

— Reduce experimental T Jooo| ## MCall unc. g = som| s Nl e,

) Data {  Data #
uncertainties due to 1Isospin é oo
symmetry and separate analysis =

of B® and B" decays

— Inclusive  reconstruction  of
neutrino momentum cos Oy cos Oy

Analysis based on available kinematic constants:

PP, P, 2 2
2EBeam EY— mg — My
2|ps| | Byl

2 2 2
_ mg+mp—q
2mBmD
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IS
<
=
[

B Backgrounds: B — D*/v; continuum events
ete” = qg, (9=u,d,s,0)



https://arxiv.org/abs/2506.15256

Belle II preliminary [ £ dt = 365 fb—!

x10*

L4t B+ - D0ty 2/ndf=335.4/318 B Continuum HEE B Dév
. 12} Postfit Uncertainty B-D
Vep: results
False D

Pyttt bbbttt ot e b
Pyttt “ ". H Fte trptetet prottp b e . TR it
20 10 60 80
(cos OBy, w) bin
Branching fractions of each mode measured with fit 0 Belle II Preliminary [ £ dt = 365 b
on cos Oy in bins of w 1o mew|Va|x 103=39.4 + 0.8
3L 2 x2/ndf = 9.7/9
B(B® - D~ tty,) = i
(2.06 + 0.05(stat.) & 0.10(sys.))% = sor . BCL (N=3) #1
Data
B (B — DOttug) = & »r < #
(2.31 4 0.04(stat.) & 0.09(sys.))% T oo 3
Fit differential decay rates using LB 3
Bourrely-Caprini-Lellouch ~ (BCL)  form  factor S 10k 3
parameterization: |Vep|gcr = c ot 3
(39.2 = 0.44tat. £ 0.65y5. = 0.5, ) x 1073 . *
Most precise measurement with B — Dfv, data T Iy I T v v T




Conclusion

= Study of semileptonic decays is an important way to constraint
and check SM parameters

» Many semileptonic B decay results from Belle (II)

— R(D™) LFU tests consistent with SM
— Long-standing | V| puzzle still remains

» Urge for futher analysis
- Belle Il starts new data taking in November 2025
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Additional slides
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Vp: charged mode reconstruction

Nbata — Nuc

Belle II Preliminary
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