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Measurements covered In this talk

All results are new since Moriond 2023

Lepton-Flavor universality tests CKM matrix elements |Vcb| & [Vup|

AB(B - D*11) - Simultaneous B — (&, p)£v, untagged New!!
R(D? ) = Updated!

. 7 B(B - D*fV)

- Angular coefficients of B —»> D*{v

R(X.,,) = B(B — Xtv) - Simultaneous inclusive and exclusive |Vup|
/) — %(B N Xfl/)

- Ratio of inclusive |Vub| and |Vep|

D
‘W] Full data of 711 fb-

BELLE

D
&) Full or half of Run1 data of 364 fb-

Belle IT

Other B-flavor topics from Belle Il were presented by P. Goldenzweig, N. Rout, S. Moneta, P. Stavroulakis, S.P. Lin.
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Lepton-Flavor universality

e |In SM, the W boson couples equally to 7, i, ¢ => Lepton-Flavor Universality (LFU)

e Semileptonic B decays are sensitive to new physics beyond SM

 Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc.

 Normalization (|Vxo|) cancels

e Part of theoretical, experimental
uncertainties cancels

R(H ) = BB — Hrv)
7T B(B — HAY)

H=D,D*X,metc. ¢ =e,u

final state can involve different hadrons
Tension of R(D() with SM ~3¢
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D

R(D*) using hadronic B tagging at Belle I <o

Belle 11
e Use 189 fb-1 dataset with hadronic tagging strategy arXiv:2401.02840
e Signal decays: B — D*(t,)v, D't - D%+, DY~ and D™ — D%z, and leptonic 7 decays Preliminary

e Data-driven validation of modelling in sideband regions

e Extract R(D*) using 2D fit on Mr%liss and residual energy in the calorimeter Egq

Reconstruct Biag Z(e or u)
Full Event Interpretation D / U
Comput.Softw.Big Sci. 3 (2019) 1, 6 orc(e. ) Ty y
e(BY) ~035% B ~0.27% 'IT‘\\ / V
_ -7
B B -
Ll S~ Y(4S)/ T D*< SIOW D** - DOzt /D* 0 B~98%
x0 .
Hadronic Tag Signal Side D_, D*" - D°n®: B~65%
O(10%) decay chains Y Eight D° modes: B~36%,
l Three D* modes: B~12%
+ -
e__ o e
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https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
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R(D*) using hadronic B tagging at Belle I <o

Belle 11
e Use 189 fb-1 dataset with hadronic tagging strategy arXiv:2401.02840
e Signal decays: B — D*(t,)v, D't - D%+, DY~ and D™ — D%z, and leptonic 7 decays Preliminary

e Data-driven validation of modelling in sideband regions

e Extract R(D*) using 2D fit on Mr%liss and residual energy in the calorimeter Egq

Dt = Dyt

Reconstruct Btag Z(eoru) . - Belle ll Preliminary D*—D°z* —e— Data
. — e . -1 D*tv
Full Event Interpretation 5 _/_‘.w = / USSR e
Comput.Softw.Big Sci. 3 (2019) 1, 6 or(e, i) T, 5 - 25 e B Do)
e(BH) ~035% (B ~ 0.27% n‘<\ / v g o0f = ST
/ B B ol S 15L Other BG
T~ n*x Tlow [ 7~ Fituncertainty
Ll D ©
| \Y(4S)/ | N =
Hadronic Tag Signal Side D K 8
In the rest of event 5101 - N 5
(ROE), require no (10%) decay chains T 0
. 0 + -
remaining tracks/z". € e< € . Ea .
D:-’ 0 :_-'. _______ S LY s e . _____
2 — — 3k — %\ 2 oL
M2. p— E* —'E**—E* S— S— — *—' [T YT S S (NN SN TN TR NN TN TN TN NN TN WU AN AN ST SR T (NN TN T WA NN SN NN SN NS SN NN ARN RN
miss = (Ebeam D ‘) (=P Biag ~ PD Pe’) G 02010608 | 1212 16 18 2

Ec. [GeV]
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https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
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R(D*) using hadronic B tagging at Belle I <o

Belle I

arXiv:2401.02840
Preliminary

R(D*) = 0.262 Ty 30(stat) T35 (syst)

— g 04 L ] " 68% CL tontours -

T T EZ BaBar -

comparable stat.  dominant by PDF 035 _

precision as Belle  shapes, MC sample 7

size _

consistent with SM predictions [HFLAV 23] 0.3 —

b

* Previous version presented in Lepton Photon 2023 0.25 / l
. . ~_ ~ =
e Minor updates applied — -
World Average -
0.2 +HFLAV SM Prediction R(D)=0.344 +0.026, T
R(D) =0.298 +0.004 R(D*)=0.285 =0012,, -
Update to full Run1 dataset =0 <ot | o 20% -

and include R(D) is ongoin ' E— EEEE— EEE—— —

(D)is ongoing 0.2 0.3 0.4 0.5

&~
. O
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https://arxiv.org/abs/2401.02840
https://indico.cern.ch/event/1114856/contributions/5423684/attachments/2685890/4660084/2023-07-04_LP2023_KojimaFinalVer2_main.pdf
https://epjc.epj.org/articles/epjc/abs/2021/03/10052_2020_Article_8156/10052_2020_Article_8156.html

D

First measurement of R(X)_,, </[O

Belle II

arxXiv:2311.07248

e Use 189 fb-1 dataset with hadronic tagging and

entoni q Preliminary
eptonic 7 decay
. . . . . AB(B — X1v)
* Data-driven signal modelling correction with R(X)_, =
sideband regions %B(B — XCv)
. . .
Extract signal eventz simultaneously for ¢ and u Belle 11 1 mode [ di=189fb!
modes on ( IIllSS’p 4 My <1 18| Mi €(1,2.3]| M3 (€ (2.3,4]| M €(4,6] | HER X[zl
0 Xuv
£(e Or,u) 20 2.4t [ BB Background
/ B Continuum
orZ (e, u) 16 2.0F @22 MC tot. unc.
> U ¢ Exp. data
/ ) 12 Mr:lznsse(6 8] Mr%nss>8
_ -7 1.2
B B . 3 .
"
Hadronic Tag N Signal Side 4F
Inclusive hadronic (2) i o
- A T I T I ST T e o 2 —* ° o °
e;.(_e system X: all tracks & _(2) : * * A
eutrals in ROE Sgegoan ~gegen
VO™ = VO™ = A
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https://arxiv.org/abs/2311.07248

D

First measurement of R(X)_,, O

Belle I

arXiv:2311.07248
Preliminary

e World’s first inclusive measurement at B-factory with Y (45)

* Consistent with SM expectations, e.g. R(X)=0.223 + 0.005 yHEP11(2022)007]

R(X)T - B(B —» X£v) =[x axis] - B(B —» D¥£v) + [y axis] - B(B — D*£v)

R(XT/Q) = 0.232 + 0.020 (stat) & 0.037 (syst)
) = 0.222 4+ 0.027 (stat) 4= 0.050 (syst)

S

T = with expected SM contributions of D, ), X, removed

68.3% CL contours

0.35F on
' Preliminary

n
~
\\

R(X, ;) = 0.228 +0.016 (stat) & 0.036 (syst) 30PN

T

dominated by gap modes branching fraction,
B — D* form factors, background shape

\\\
~

R(D")
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https://arxiv.org/abs/2311.07248
https://link.springer.com/article/10.1007/JHEP11(2022)007

|Vcb| & |Vub|

e Important to constrain CKM unitarity triangle & test SM

Vus Vub
e Determinations via inclusive or exclusive semileptonic V.l |V,
B decays Visl 1V
e | ong-standing “Vxb-puzzle”: discrepancy btw. Vo vt 1
. . . . . CKM"ckMm
inclusive and exclusive determinations
- "ITI 4,8 (T I I | 1 I I | L} 1 I | I 1 1 | 1 I I | LI
Exclusive -2 4.6 - Exclusive |V, Ax* = 1.0 contours -
— [ _ Inclusive -
B — nfv,B — pfv, B — DY¢y, A, — pfu, etc. 2441 rxemve [V Incl. | Vel GGOU ~ —
> 4.9 - T IVl IVl o V- global fit -
0 — 4.2 g=
2 C verage -
B ‘ Vb Form factor f (LCSR, LQCD) 4 B HFLAY Aveng —
3.8F =
Inclusive 3.6F 3
3 4 :_ Excl _:
B—-X/¢v, B— XU 1o F E
@o|v.|* |1+ cs(){ Os) () . cs(1){ Og Y (1) + 0 (m) _ A 3 ;— m —;
my mj, e o« AT B 2021 -
e 2.8 PO2)=89%
+ Shape Function / Fermi Motion (OPE) e o e e 0 1 0 1 1
36 38 40 42 44

Lu Cao (DESY) ‘Vcb‘ [10-3] 9



D

Simultaneous measurements of B’ —» 7=¢*v, Bt - p%/tr <O

Belle IT

Preliminary

NEW!!

 Full Run1 data of 364 fb-1 with untagged analysis strategy

* Novel method to simultaneously extract signals in 2D grid of beam-constrained mass M,,. and energy
difference AE for each bin of q2 : 13 bins for 7 mode, 10 bins for p mode

My, = \/ B2 — |55 AE = E} — Efoum

- Belle Il B Signal . XLV [ Signal x2 - Belle II I Signal e Xy Lv [ Signal x2
6r = Comb Signal X! 72, MC L g
omb Signa 7 _ E , ,
i Iﬁdt=364fb_1 : g BN XLV ] . unc 3.0 i fﬁdt=364fb_1 . C;)mb Signal e X lv . 7277, MC unc.
Lo . iy Bmm Other BB ¢ Data L R m % v B Other BB ¢ Data
5 F = _— B Continuum Ll B Hm olv B Continuum .
= £ 25r Preliminary
M | Preliminary m :
oy oy 2.0
D = signal
. =
o o
a0 > 1o B
B LLl
P! ’ <
|C_ID 2 O 1.0
—

O
&)

- 0.0
glne T ol O F
= = B L
I T O C o — (] 2 + C
% N§ E N 5 IE % 0 : ° o ® L ®
2‘3%—5-""'""'""'"""""""'I""I"' 2‘8N§_5:...|....|....|....|....|....|....l....l....
5.100 5.125 5.150 5.175 5.200 5.225 5.250 5.275 > _075 —-050 —025 0.00 025 0.50 075 1.00 125

My [GeV] AFE [GeV]
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D

Simultaneous measurements of B’ —» 7=¢*v, Bt - p%/tr <O

Belle 11

Preliminary

 Full Run1 data of 364 fb-1 with untagged analysis strategy
NEW!!

* Novel method to simultaneously extract signals in 2D grid of beam-constrained mass M, . and energy
difference AFE for each bin of q2 : 13 bins for 7 mode, 10 bins for p mode

Preliminary

Belle Ii cross-feed B — plv fﬁ dt = 364 fb-1
B-mlv: / B-plv:

I Signal mmm Other BB } Data ; BB Signal mmm Other BB

O X, Lv B Continuum mm X, fv B Continuum

B X v
e (Cross-feed signals are linked in

two modes

103 Events / Bin

e Dominant backgrounds are from
B — X _£v decays and

continuum (e"e~ — ¢q)

NData g NMC
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D

Simultaneous measurements of B’ —» 7=¢*v, Bt - p%/tr <O

Belle IT

Preliminary

NEW!!

e Partial branching factions in each g2 bin obtained with fitted yields and efficiency corrections
e Total BR is a sum of partial bins

B(BO — 7 £1vp) = (1.516 £ 0.042 4 0.059) X 100*  Consistent with world averages
B(Bt — pof"_l/g) = (1.625 + 0.079 4 0.180) x 10—4 Compatible precision as Belle/BaBar

stat Syst

Lu Cao (DESY) 12



D

Simultaneous measurements of B’ —» 7=¢*v, Bt - p%/tr <O

Belle 11

Preliminary

NEW!!

e Partial branching factions in each g2 bin obtained with fitted yields and efficiency corrections
e Total BR is a sum of partial bins

B(BO —> Z | I/e) = (1516 + 0.042 + 0059) X 10_4 Consistent with world averages
B(Bt — p0f+1/g) = (1.625 + 0.079 4 0.180) x 10—4 Compatible precision as Belle/BaBar

stat Syst

e Extracted |Vuo| with lattice QCD and/or light-cone sum rules (LCSR) constraints of form factors

 Belle Il Preliminary [cdt=364fb1 - Belle Il Preliminary B* - p%%ty,
S G I B sty B L :_ICdt=364fb_1
T OF ) -
o | 2 10F
O 6l A
i | & 8r
o i o 3
— - — _
\X’ 4 - \X’ 6 =
> | only LQCD [FLAG] ok
© - © i
§ 2 = BCL 30 ] | LCSR [JHEP 08 (2016) 098]
C | mmlo § Data T 2F —— BSZ ®mm 20 § Data
- Il 20 i e 1o 30
ol_llllllllllllllllllllllllllll 0_llllllllllllllllllllllllllllllllllllllllllll
0 5 10 15 20 25 00 25 50 7.5 10.0 125 150 17.5 20.0
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https://link.springer.com/article/10.1007/JHEP08(2016)098
http://flag.unibe.ch/2021/Media?action=AttachFile&do=get&target=FLAG_2023_webupdate.pdf

D

Simultaneous measurements of B’ —» 7=¢*v, Bt - p%/tr <O

Belle II
e Further split into e and u modes to provide cross check Preliminary
e Additional stability tests done by removing higher/lower g2 bins NEW!!
Preliminary
"1 pilnu HFLAV < B°->n ity i
inclusive HFLAV o B*- p%*ty, | ‘Vub‘B—MrEVg — (3.93 == (.09 = 118 == 0.19) Sl

1 rholnu [2104.05739v2] l LQCD

total LQCD —_—— > ‘Vub‘B—meue = (3.73 + 0.07 £ 0.07 £ 0.16) X 10_3

—i—o—— / LQCD+LCSR

o3
- O
)
al
N
_|_
A\,
Nﬂ:lusive
\

total LQCD + LCSR

electron LQCD

Fectron FAEh T AR | B Vil Bosptre = (3194 0.12 + 0.17 + 0.26) x 1073
muon LQCD ———————— L CSR
muon LQCD + LCSR Bt = p()?/ﬂ+y _é.._/
total LCSR /
electron LCSR —_——— - Leading systematic unc. are the modelling of
muon LCSR S continuum and non-resonant B — X v decays
| | . | i | | * Overall theoretical uncertainty dominating
2.0 2.5 3.0 3.5 4.0 4.5
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DD

Angular coefficients of B — D*/v and |V />

BELLE

arXiv: 2310.20286
Preliminary

e Full Belle data set of 711 fb-1 for Bi’o, r =e,l

e Hadronic tagging and background subtracted via fitting M 2

miss

e Measured 12 angular coefficients /. in four bins of w

=> 4D differential decay rate

e Advantage: captures the full differential information; Signal B rest frame

linear combination of J; provide SM tests

Phys.Rev.D 90 (2014) 9, 094003

8 4
e Extract |Vcb| with external constraint on normalization [HFLAV _ 1 .
Veo Ji——O—NE:E: X noe p x(”@x(’“)@x(’)

2021] + LQCD beyond zero-recoil

e Can alsotest LFU via A = J¢ — J* Weights Unfolded Yields
l i

dF(B — D*fﬁg) _QG%’I’}%Wl‘QmeZLBmD*
dwdcosf,dcos Oy dy 274
+ (Jas sin? @y + Js. cos? v ) cos 20, + J3 sin? By sin? 0, cos 2

X (Jls sin? @y + Jq. cos® Oy

+ Jy sin 26y sin 260, cos x + J5 sin 20y sin 6, cos x + (Jss sin? Oy + Jg,. cos? fv ) cos 0,

+ J7 sin 20y sin 0 sin x + Jg sin 26y sin 26, sin x + Jg sin? Oy sin? 0, sin 2x> .

Lu Cao (DESY) 15


https://arxiv.org/pdf/2310.20286.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

D

Angular coefficients of B — D*/v and |V />

BELLE

* Obtained |Vco| agrees with the result of fitting 1D partial rates from the same data set ~ arXiv: 2310.20286
[PRD 108 (2023) 012002 ], @nd the p-values of fits are improved Preliminary

e Also agrees with the latest & most precise determinations of [Veb| from inclusive mode

This Work
BGLass o MILC+HPQCD+JLQCD (p=0.75) \ ;
BGLs3, e MILC (p=0.81) Vep| = (410 + 0.3 +£0.4 + 05) X 10~ (BGL332)
BGL332 @ HPQCD (p=050)
BGL33; e JLQCD (p=0.83) / ‘/Cb p— (409 +0.3+0.4 4+ 04) X :_0_3 (CLN)
CLN o MILC+HPQCD+JLQCD (p=0.39)
CLN o MILC (p=0.26)
CLN O HPQCD (p=0.37)
CLN o JLQCD (p=0.72)

...........................................................................................................................................................................................................................................................................................................................

Phys.Rev.D 108 (2023) 1, 012002 1D spectra method (traditional)

BGLss2 (Update) © MILC+HPQCD+JLQCD (p=0.16) | e BGL truncation based on nested hypothesis test
BGL1>; O hAl(l) (p=007)
CLN (Update) O MILC+HPQCD+JLQCD (p=0.04)
CLN ha, (1) (p=0.06) . : : .

© e e Systematic uncertainty dominated by limited

o LN HRLAY i 2091 sample size for deriving migration & efficiency
Incl. £, mx Moments — corrections, branching fractions of D decay, etc.
Incl. g2 Moments —_—
CKM Unitarity - o
37 38 39 40 41 42 43 44 45
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https://arxiv.org/pdf/2310.20286.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012002

D

First simultaneous determinations of incl. & excl. |Vuy| /o>

BELLE

PRL 131, 211801 (2023)

e |nherit same analysis strategy in the inclusive |Vus| measurement [Belle, PRD 104 , 012008 (2021)]

e Extract signal in ¢ and charged pion multiplicity N_: for B - nfv and B — X (v simultaneously

e Normalizations and B — 7/£v form factor (q2 shape) determined by fit

175 2a% >=37x%
[~ I = . I = . .
I v ‘ ‘ :
0 i
i I 2 — . !
: 300 f ,/;A o e X2/ndf = 13.8/(24-3) . /. MC unc.
[ 550 [ mmm B-n’ :
[ B-m*iv
Low MX f ; g Other B->X,,£v 0 High MX i Data
[] 000 |- E= Background i 0
0 i [ B-mr"lv
[l
. - [ B-mtiv
[
: . [ Other B-X,{v
[l
: : [ Background
: [l
i . I
] 3 I
0 : i
I - i
= : 0
>
&
Five g° bins per N . |¢
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

DD

First simultaneous determinations of incl. & excl. |Vuy| /o>

BELLE

PRL 131, 211801 (2023)

e Various fit scenarios applied:

 |nput BCL constraint: LQCD + exp. or only LQCD [Laa: eruc 82, 869 (2022)
e Combined or separate B — 77 /v, B — 7'/ (isospin relation)

4.8 e rrrrrrryr-rrrvrr-rrrrrorrrryrrrr-rorororrrprrrd
I e B-ntfv T™ZX1 Comb.mn® * fit SM: ||5nXCCI|—||‘\//§|| =1 1
I o B-n% +=++ Belle (GGOU) incl. ) -3
46| oty B Vo coon 4 Exel (378 % 0.23 £ 0.16, % 0.144,) X 10
o 44T {1 Incl. (3.88 £0.20, * 0.31 , *0.09;,,) X 107
— ' - : .
- 42| AN | Ratio 0.97 £0.12 (p =0.11) compatible with the world
g t ................... e \.\..., .............................. t averageWithin1.20
> L : (4.15 £ 0.25) x 1073 h
. - | [Belle, PRD 104 , 012008 (2021)] ] )
T,_B l ! ® A" : - Weighted average of excl. & incl.
— 3.8 | / -
i \ 1 _
| \ ; V| = (3.84£0.26) x 1073
3.6 - \’\\ ,// ~
- Y A This is consistent with CKM global fit (w/o [Vubl):

3.00 325 350 3.75 400 425 450 4.75 5.00 (3.64i0.07)><1()_3 within 0.8c
Excl. [Vyp| - 103
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Ratio of inclusive AB(B — X /v) and A% (B - X £v) /O

BELLE
* Full Belle dataset of 711 fb-1 with hadronic tagging using Belle Il tool (EEI (comput.softw.Big sci. 3 2019) 1, 6) arXiv: 2311.00458
« Splitinto B — X v enhanced and depleted sub-samples based on N(Ki, K)» apply data-driven B — X /v Preliminary

modelling using B — X, v depleted sample

e B — X {vyields extracted in (q2 ; Eff) spectra in the enhanced sample via a binned likelihood fit

e B — X 7 yields obtained by subtracting other contributions from total B — X¢£'v

ditsEEE s e o Sl St 0 N G A R R e e
L2102 [GevE<2.71 2.71<¢? [GeV2]<4.96 | 4.96<¢? [GeV<7.51 | 7.51<¢? [GeV?) I R
S gy " : - %t Preliminary
LOF 2 B3 (ke | sec. ¢ I Preliminary g EE B — (fake | sec. {)
I%g_’?i’z ' I _ __ | Wm B X,v
0.8} B ot i t to9 : — | El qq,q=u,d,s,c
[ .. [x2/ndf = 14.6/15° -
® B — X v enhanced sample (postfit) X/ /15 v | o o Total B — X¢'v sample
T 0.6 1 1 1 — 26‘ A ° °
> | !
€2 _ | | . — [ ® °
0.4 ! ] 8 ® .
\\\\ a .
N = |
0 | M |
= , : B L |
| - o B e | 0
e o . e T P e e . P P P g 1.00 1.25 1.50 11.375 2.00 2.25 2.50 2:4D
Bs; si
E{ [GeV] E,™ [GeV]
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https://link.springer.com/article/10.1007/s41781-019-0021-8
https://arxiv.org/abs/2311.00458

DD

Ratio of partial BFs and inclusive |Vup|/|Vcb| /O

BELLE

arXiv: 2311.00458

e Measured partial phase space region of Efj > 1 GeV

Preliminary
o Phase space coverages: €5 = 86 %, €, = 78 %
. . . B .2 .
e Unfolded differential ratios on Ef, g~ also provided — 48 T
2 4.6 - Exclusive [V | Af = L0 Tontours
e E clusive
A@(B —> XuZ/ﬂI/) 5 —= 44 = Exclusive [V | - "
= 1.96(1 % 8.4%y = 7.9%,) X 10 BME
AARBB — X .Cv) — 42 T e
T u - HFLAW- Average
4 Pie
dominated by B — X ¢v modelling, fake = _ -7
leptons and secondary decays 3.8F°

I ABB - X0 | o -
Al'(B - X0 V) AB(B — X V) . |

| 2021 |

P(x?) = 8.9%

36 38 40 42 44
-3
Theo. input: Al'(B — Xufy) — 58.51-%.3 pS_l [JHEP 10 (2007) 058] IVcb‘ [10 ]

AT(B —» X £v) =29.7£12ps™! Erscsi, 226 oz1)

Lu Cao (DESY) 20

WA: (8.55 + 0.16)%

\
\
\
||||||||||||||L|_L|_|_|_L|||i|l||||||||||||

V|  [ABB — X,fv) AT(B > X £v)
AABB — X.Cv) AT'(B - X, (V)

Lol



https://arxiv.org/abs/2311.00458

Summary

e Many new semileptonic B decay results from Belle (1)
e R(D*) and R(X) LFU tests consistent with SM
e |Long-standing |Vxb| puzzle still remains, especially for |Ve|

e (Continuous efforts from experiment and theory ALWAYS needed
* Higher precision expected at Belle Il for next round of new results

e Some systematic error could be reduced with improved modelling

* Theoretical error plays the leading role in some results

e Beyond these important results, the accumulated knowledge (MC modeling, analysis techniques, etc.)
will be beneficial for future measurements by e.g. Belle |l or LHCDb

More are on the way...

Lu Cao (DESY) 21
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Belle Experiment

e KEKB is an asymmetric-energy e e~ collider operating near Y (4S) mass peak

» Belle detector: nearly 47 coverage, good performances on momentum/vertex resolution, particle identification

 Unique advantages for analysing inclusive decays and process involving multiple neutrals

w ) Aerogel Cherenkov cnt. In luminosity of B f ri
T SCsolenoid > n=1.015~1.030 o
I.ST B[N | L} ( ) >1 ab—l
s o i 12004 On resonance :
Pennen - S  |——KEKB  ——PEP-I| | | | Y(5S): 121 b~
i RV & LB e i . | | | | - W y(35):3m!
e "';';...;'I.T'"'\c..,. Tsukuba, Japan 16X, : | | | | yizs):2s ﬂ_)l—l
W ot TOF counter e | | | | off reson/scan
""”‘f‘ — I | | | | | i ~100 fb!
w9 A 600 i ' f | &

~ 550 fb™!
On resonance:
Y (4S): 433 b’
Y(3S): 30 fb*
Y(2S):14 b’
Off resonance:
~54 fb™!

i 8 GeV €= g ~/ o+ Cent Drift Chamber | | | | |

200 — N
IAN

Belle detector - . 0. _—
o Sl Vtx. det p' / KL detecnon 1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
| 3/4 lyr. DSSD 14/15 lyr. RPC+Fe

PEAK
L=2.1 x103%/cm?/sec

|
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Belle |l Experiment

Upgraded detector and accelerator

. g, 56 mm 0. 10-12 um
« Souingian *

g 6-7mm

overlap region = bunch length .
o [EM Calorimeter:

CsI(Tl), waveform sam’

e+ 4 GeV 3.6 A

~

/f Particle Identification:
/ 8 Time-of-Propagation counter (barrel)
e Prox. Focusing Aerogel RICH (fwd)

’

/
newneamppe  OUPErKEKB

e- 7GeV 2.6 A

electron (7 GeV)

Beryllium beam pipe: r
2 cm diameter

& bellows
-

\

~

positron (4 GeV)

.’:i,

\- Vertex detector: ////
* \ P T — 2 layers DEPFET + 4 layers DSSD ¢ : |
for higher beam current 2 ] E (TRG, DAQ):
Viax 80kHz L1 trigger
Low emittance positrons ‘1 f , 100% efficient for hadronic events.
ini Central Drift Chamber: .
g Y _ )y Positron source He(E0%):CoHe(505¢). Small sl B (PXD) + 100kB (others) per event
Damping ring, ’ B vy New positron target / |Oer$ Ie:/)ér ;mi( fa;’z’elenc]:fro(r:\ﬁ::’ - rer 30GB/sec to record
u w S st 9 ' @ | Offline computing:
/ Distributed over the world via the GRID )

Low emittance gun

Low emittance electrons arXiv:1011.0352 [physics.ins-det]

to inject
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Backup: Tagging vs. Untagging

purity
efficiency

v

Lu Cao (DESY)

€+
/o

B B
\Y(4S)/ T—— -
Untagged Signal Side

D*\\ /‘7\,

V-~ B B’

Semileptonic Tag Signal Side

e Untagged
* | oose constraints on signal
e \ery large statistics, but also very large background

e Efficiency ¢ ~ O(100%)

e Semileptonic tag
 Mid-range reconstruction efficiency
e Due to multiple neutrinos, less information about Biag

e Hadronic tag
e Cleaner sample
e Knowledge of p(Bsig)
e Low tag-side efficiency € =~ 0(0.5%)
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Backup: R(D*) using hadronic B tagging at Belle |l

arXiv:2401.02840
Preliminary

Table VIII. Summary of systematic uncertainties on R(D™).

Table VII. Observed (expected) yields of the signal and normalization modes. The index ¢ designates the fit category for the Source Uncert ainty
three D* decays. Only statistical uncertainties are given.
Parameter Observed (expected) yield PDF shapes +g. ;133{3
—8.3%
D*t — Drt D** — D*x® D*° — Dx° : : ‘

- ~ Simulation sample size +;'g?7"’
Niyery + Nbrs omisid 50.9 7.8 7.841.2 492475 —7.5%
Nig, 1084.6 4 36.7 (1041.0 4+ 11.2) 137.9+6.6 (133.2+4.3) 940.9 + 36.0 (927.2 + 10.7) B — D**{~ v, branching fractions +§-§Z>

_3.5%
Fixed backgrounds i
750 *x+ p—— 4+0.25 Hadronic B decay branching fractions tg }é
B(B” — D* "¢ v,) = (5.27 1353) %,
. . Yy e +2.0%
Reconstruction efficiency 0%
— ¥0p—= \ _ +0.28 . L |
B(B — D™/ VE) — (550 —0.27 % Kernel density estimation fg:gé
Form factors et
Peaking back din AM +0.4%
eaking background in D* T 0.4%
T~ — £ v,y branching fractions fg:gé
R(D") fit method o
- : 13.
Total systematic uncertainty flg_gg‘;
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https://arxiv.org/abs/2401.02840

Backup: First Measurement of R(X)_, .

Lu Cao (DESY)

Table I: Relative statistical and systematic uncertainties

on the value of R(X, /).

Uncertainty [%)]

Source . p /

Experimental sample size 8.8 12.0 7.1
Simulation sample size 6.7 10.6 5.7
Tracking efficiency 2.9 3.3 3.0
Lepton identification 2.8 5.2 2.4
X v My shape 7.3 6.8 7.1
Background (p,, M) shape 5.8 11.5 5.7
X /v branching fractions 7.0 10.0 7.7
X Tv branching fractions 1.0 1.0 1.0
X.7(£)v form factors 7.4 8.9 7.8
Total 18.1 25.6 17.3

arXiv:2311.07248
Preliminary
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https://arxiv.org/abs/2311.07248

Backup: Simultaneous measurements of B’ — 77 ¢*v, Bt — p /v

Preliminary

e Reconstruct g2 based on Diamond Frame (BaBar’s approach) and the rest of even
method (Belle’s approach)

. Belle 1l Simulation D + ROE Frame
Diamond Frame: True Signal BO - Pty

1.0

A°)
e

ROE:

0 5 10 15 20 25
Qen IN GeV?



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.092004

Backup: Simultaneous measurements of B’ — 77 ¢*v, Bt — p /v

e Extracted |Vup

only LQCD [FLAG]

LQCD [FLAG] + LCSR [JHEP 07 (2021) 036]

| Belle li [cdt=364fb" _ Belle Il [cdt =364
S B B =ity Sl B B% -» =2ty
! Lol
Q . Q .
©6f O 6
= S |
& o
:3' %‘ . LQCD + LCSR
Q] 2| — BCL 30 ] 2 — BCL 30
B mm lo §f Data S [ mm 10 §f Data
N 20 Preliminary - Il 20 Preliminary
o il I E S S fen S e fna iy ol Pl A B R e L e
0 5 10 15 20 25 0 5 10 15 20 25
g% [GeV?] g? [GeV?]
BO — 7T_€+I/g
LQCD LQCD + LCSR
|Vus| (1077) 3.93 + 0.25 3.73 £ 0.19
b 0.42 + 0.02 0.45 £ 0.02
g b 0521000 057 1005
by —0.81 £ 0.21 —1.02 £ 0.18
ov  bo 0.02 4+ 0.25 0.59 + 0.02
fo(q”) 0
b1 143 008 = 139 3 007
- di 8.387 /7 8.359/7

Lu Cao (DESY)

dB/dg? (x10°) [GeV 2]

with lattice QCD and/or light-cone sum rules (LCSR) constraints of form factors

Preliminary

LCSR [JHEP 08 (2016) 098]

i [ B* - p%%ty,
- |cdt=364fb~?

- LCSR

- - BSZ W 20 { Data

A I lo 30 Preliminary
oJdo oo oo by oo by s by oo by s b s s b a1y
0.0 25 50 75 100 125 15.0 175 20.0

g% [GeV?]

BT — p%0Ty,

LCSR
Vus| (107°) 3.19 £ 0.33
o b1 0.27 + 0.03
AdT) 0.34 + 0.13
by 2 0.29 4+ 0.03

As(g®) 0

2(07) A 0.66 4 0.17
N 0.33 £ 0.03
VId) v —0.93 + 0.17

x° /ndf 3.850/3
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http://flag.unibe.ch/2021/Media?action=AttachFile&do=get&target=FLAG_2023_webupdate.pdf
http://flag.unibe.ch/2021/Media?action=AttachFile&do=get&target=FLAG_2023_webupdate.pdf
https://link.springer.com/article/10.1007/JHEP07(2021)036
https://link.springer.com/article/10.1007/JHEP08(2016)098

Backup: Simultaneous measurements of B’ — 77 ¢*v, Bt — p /v

o _ _ Preliminary
e Uncertainties in % on the partial BRs
BY = (T, BT — p°lT v,
Source qgl q2 q3 g4 g5 g6 q7 g8 q9 ql0 qll ql2 ql3 Source gl q2 q3 q4 g5 g6 q7 g8 g9 ql0O
Detector effects 200911 0 40 T4+ 11 1099 12 23 4t 58 Detector effects 28 20 16 1.1 1.7 19 24 14 14 1.6
Beam energy 0608 07 0807 06 06 0605 0505 06 07 Beam energy 21 1.9 19 1.5 1.3 1.1 1.0 0.9 0.8 0.5
Simulated sample size 4.7 3.8 3.3 3.2 32 29 38 3.7 40 45 59 8.0 13.6 Simulated sample size 14.1 7.8 74 6.3 6.3 52 64 56 62 7.3
BDT efficiency I O B e L e B o e e e L R B P s T P P e i E D e [ BDT efficiency 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Physics constraints 2929 29 29 292929 29 .29 29 292959 Physics constraints 2.8 2.8 28 28 28 28 28 28 2.8 2.8
Signal model 8100 00 9.1 DU 202 04 D3 08 09 02 49 Signal model 0.7 0.2 02 02 03 04 05 03 1.8 24
p lineshape 100 03 93 020103 01 03 01 .02 02 00 p lineshape 1.7 1.6 20 1.0 19 1.8 14 09 1.6 1.7
Nonres. B —- nmmére 0.5 06 04 04 0.5 10 1.2 1.0 08 1.8 1.2 23 143 Nonres. B - mnfv, 5.6 6.3 6.7 86 9.3 10.7 10.1 7.0 7.8 11.8
DFN parameters 08 04 15 16 14 1.7 1.2 0.1 0.7 1.2 29 35 3.7 DFN parameters 36 55 4.1 35 1.1 1.2 2.7 1.7 1.9 2.3
B — X, lv, model 204 03 04 02 0911 12 1.0 13 1607 8.7 B — X, /v, model 1.7 3.0 38 50 58 6.1 63 19 7.2 124
B — Xclvy model L4 20 1.7 13 1314 1.8 16 13 14 |1 05 L7 B — X /v, model 1.8 19 1.7 1.1 14 1.7 09 09 1.9 26
Continuum I 41 06 (L 58 5.1 81 8396 104145 238 344 Continuum 31.5 24.3 17.0 19.6 13.2 14.8 16.0 16.6 15.2 18.7
Total syst. 104 120 93" 8 (. CC- 10099 113 122166 260 41.06 Total syst. 35.6 27.5 21.0 23.5 18.8 20.5 21.6 19.4 20.2 27.0
Stat. 08890 15 04 9191 I 96 146226 Stat. 30.0 17.5 20.8 14.4 12.4 13.6 14.1 10.4 12.2 11.8
Total 19.7 154 12.2 11.2 10.7 10.0 12.7 12.6 14.4 16.3 19.1 29.8 47.3 Total 46.6 32.6 29.6 27.6 22.6 24.6 25.8 22.0 23.6 29.5
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Backup: Simultaneous measurements of B’ — 77 ¢*v, Bt — p /v

oy . Preliminary
e Uncertainties in % on |Vup|

BY 5 7 (T, BT — p0€+1/g

Lu Cao (DESY)

LQCD

LQCD + LCSR LCSR
Detector effects 0.64 0.24 0.44
Beam energy 0.05 0.03 0.09
Simulated sample size  1.51 0.78 1.41
BD'T efficiency 0.31 0.21 0.28
Physics constraints 0.61 0.43 0.88
Signal model 0.38 0.13 0.41
p lineshape 0.26 0.21 0.13
Nonres. B — mrluy 0.43 0.11 1.97
DFEFN parameters 0.64 0.32 0.88
B — X.fvy, model 0.61 0.40 1.56
B — X /vy, model 0.51 0.43 0.50
Continuum 2.39 1.37 4.91
Total syst. 3.26 1.91 5.33
Stat. 2.31 1.82 3.76
Theory 4.83 4.29 8.15
Total 6.40 5.13 10.34
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Backup: Angular Coefficients of B - D*/v

Lu Cao (DESY)

Belle

100 <V

115
115

1.
4‘1‘{2

5
G

139
135

W 150

JLdt = 711 fb~?

DD

/o

BELLE

arxiv: 2310.20286

Preliminar
BGL(332) CLN y
6- 4 B-DIy, v BGLEL, CLNFt
S . . .
= 4 - s s 5
x s s 5
S 2 - g ; ——
O _é_ : : V ——
6 -
a4 -
X
< 2 -
0
5 - § §
S : I 5
— - .
x ' ; .
= 2- . 0form, =0
S
i
X :
T -2 . 0inSM
115 125 135 150
100 <Y Y a5 <Y 95 < ¥ Tag <
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https://arxiv.org/pdf/2310.20286.pdf

Backup: First Simultaneous Determination of Incl. & Excl. [Vup|

e Various fit scenarios applied: PRL 131, 211801 (2023)

e Combined or separate B — 77 /v, B — 7n°¢v

 Input BCL constraint: LQCD + exp. or only LQCD [FLAG: Eur. Phys. J. C 82, 869 (2022)]

q2 spectra with fitted BCL para. (linked 7%
Fitted BCL parameters (LQCD + exp.)

> - I-el— IBkglsubltraclted Ifit V\I/i’[h II_QCID &Iexpl. cohst.)l - E;CL I(fit v:/ith II_QCID &Iexpl. colnst.)I |
-~ Bkg-subtracted (fit with LQCD const.) = = BCL (fit with LQCD const.)
‘_Il . : Input LQCD const. : | Vub I X 103 aa' a’il_ a;‘ a8 a?
> | _ Central 3.777 0.414 -0.493 -0.297 0.500 -1.426
S | : Uncertainty 0.309 0.014 0.053 0.180 0.023 0.054
LT I:%-\ ; Vs | 1.000 -0.452 -0.168 0.232 -0.109 -0.105
— [ | | #:' ; ag 1.000 0.151 -0.451 0.259 0.142
X2 } ay 1.000 -0.798 -0.096 0.214
g | —— ag 1.000 0.012 -0.097
=1t N\ - al 1.000 -0.451
O \
| \, ajy 1.000
O I . . . . I . . . . I . . . . I . . . . I . . . . I T-
0 S 10 15 20 25

g’ [GeV?]

Points: subtract other B — X v and background

iIn data, and apply unfolding + eff. correction
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Backup: First Simultaneous Determination of Incl. & Excl. [Vup|

PRL 131, 211801 (2023)

Leading Systematic Uncertainties

Sources Relative Syst. Uncertainty

Exclusive mode % (B — #nfv)

Tagging efficiency
B — X, v modelling

B - X.Zv modelling

Inclusive mode AR(B — X v)
B — X Zv modelling

Fragmentation

B — X.Zv modelling
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Backup: Other Recent Results from Belle |l

LFU Tests

R(X,;,)

B > D" ¢*v (¢ = e, u)

angular asymmetries

Lu Cao (DESY)

References |Vcb| x 103

B’ - D"~ ¢*v ,untagged 40.57 + 1.16 (BGL)

Phys. Rev. Let.

0 *— ot .
131. 05184 (2023) BY— D “¢"v,tagged  37.9 2.7 (CLN)

B — D¢v ,untagged 3828 + 1.16 (BGL)

|Vub| X 103
Phys. Rev. Let.
131, 181801 (2023) B — mev ,tagged 3.88 + 0.45
B — ntv ,untagged 3.55 = 0.25

More are on the way...
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