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Measurement of B — D*#v Decays at Belle o

Belle 11

PRD 108, 092013 (2023)

® Decay chain: B9 =+ D*+ £y, D*+ = DOrttsiow, DO = K- 11t

® Untagged strategy (higher efficiency than tagged)

Belle Il [cdt=189fb-1 Belle 1l [cdt=189fb"
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Measurement of B — D*#v Decays at Belle o

Belle IT

* Fit differential shapes on w, cos8;, cosBy, y with Caprini-Lellouch-Neubert (CLN) (Nucl. Phys. B530, 153] & Boyd-Grinstein-Lebed (BGL)
parameterisations [Phys. Rev. D56, 6895)]

* BGL truncation based on nested hypothesis test [Phys. Rev. D100, 013005 Traditi |
ragiuonal way
34 obs pre obs pre
=3 (o e ) (e o) <o L (b
O0DS l ODS
7\ 1 L L? VeplmewF (1) = .
vmpmp- \P¢(0)¢;(0)

(Fobs . Fpre)Z

| 2 )
OoT

<= normalization

‘Vcb|BGL — (40.57 + 0.31 £ 0.95 & 0.58) x 1073
Vepleon = (40.13 £0.27 £ 093 £ 0.58) x 10~
'

stat. Syst. LQCD uncertainty
on F(1)

(dominated by slow pion
tracking eff. leptonlD)
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Measurement of B — D*#v Decays at Belle o

Belle 11

* Fit differential shapes on w, cosB;, cosB,, y with Caprini-Lellouch-Neubert (CLN) [Nucl. Phys. B530, 153] & Boyd-Grinstein-Lebed (BGL)
parameterisations [Phys. Rev. D56, 6895)]

* BGL truncation based on nested hypothesis test [Phys. Rev. D100, 013005

® |nclusion of LQOCD constraints viLc: epJc 82, 1141 (2022) at beyond zero-recoil (w =[1.03, 1.10, 1.17]) in two scenarios

BGL Constraints on Constraints on
. 34 AFObS AFPI‘G - AF?bS AF?re h'Al (W) _ hAl (W)’ Rl (W)’ R2 (W)
. Z I‘obs = |0 C’ij I‘obs = ] ap X 10° 217+ 1.3 256+0.8
- by x 10° 13.19 £ 0.24 13.61 £0.23
e loch b, x 10° —6+6 2+6
. [ T Z(Fi WOD_ F7P)C5 (F; QCD _ F;P) c; x 103 ~0.9+£0.7 —0.0+0.7
o2 7 V| x 103 403 £1.2 383+ 1.1 \
x*/ndf 39/33 75/39 |Veb| shifts when
p value 21% 0.04% include full LQCD
— constraints

Belle 1l [rdt=189fb Belle Il [rdt=189fb? Belle Il [cdt=189fb2
LOF B2, ncusion f i, () ClE-0 T, R LR R Similar tension seen in recent Belle (2023)
sk 4 il h4y * 1 el " 2 measurement [PRD 108, 012002 (2023)]

go.sf— $ A1.3;- } } 11t } ®
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Belle 11

PRD 108, 092013 (2023)

» Lepton-flavor-universality tested with separate results on 93 of e & mu modes

* All in good agreement with SM expectations

R,;, = 0.998 % 0.009 = 0.020
stat. syst.
Test on forward-backward asymmetry Test on D* longitudinal polarization fraction
|, dcos@,dI"/dcosB, — [° dcosb,dl'/d cos b, 1 dr 3 1 _F
AFB:fld 0,dI"/d cos @ O dcos8,dI’/dcos@ = = F cos® 6y =sin’ Oy
o dcos8,dl'/dcosb, + [° dcosb.dl'/d cosb, ['dcosy 2 2

App = 0.228 £ 0012 £0.018 F$ = 0.520 4 0.005 4 0.005

Ay = 0.211 +0.011 £ 0.021, Flz — 0527 &+ 0.005 - 0.005

AApg = (=17 £ 16 + 16) x 1073 AF; = 0.006 & 0.007 & 0.005
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Angular Coefficients of B - D*¢v </[O

BELLE

e Full Belle data set of 711 fb-1 for Bi’o, r=e, U arxiv: 231 0_2(_)286
preliminary
e Hadronic tagging and background subtracted via fitting M 2.

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

e |nstead of binning in w, cosB, cosB,, ¥, measure total 12 angular

J.
. . - - . . 1
coefficients J. in four bins of w => 4D differential decay rate —
o | Ji =Ji(w) I=1 k=1
* Angles provide information on, e.g. forward-backward asymmetry, Unfolded Yield
JINTOIACEU YIClUS
longitudinal polarization fraction
» “S” observables sensitive to new physics (/7 g g = 0 in SM) 73" ~ o AN R N il TR— T T
> Jl {+} {+’a’a’+} {_1670’_} 271‘(1)2 A104_: Zt'ﬁt,gl s e o —'l-)mntwl g:::nuu
. ] ] ] Jie {+} {+,a,a,+} {+,d,d,+} 27(1)(2/5) :g
e Extract |Vco| with external constraint on normalisation + LQCD 2 {+) (=hb =} {mee 3] 2n(-2/3)2
Joe {+} {—,b,b,—} {+,d,d,+} 2m(—2/3)(2/5) S
- J3 {+’_7_’+7+’_’_7+} {+} {+} 4(4/3)2 2102—
beyond ZerO'rQCO“ Jo {+,+,-- - —++} {++--} {++ - -} 4(4/3)2 g
I {++—- ===+ +} {+} {+,+,— -} 4(m/2)(4/3) 5 101
. JGs {"‘} {+’+7_7_} {_7670’_} 2’”(1)2
e Can also test LFU via A = Jie — J* Joe +} ot} {hdd+y |l 2r)ess)
! J7 {+’+’+’+7_1_’_7_} {+} 4(77-/2)(4/3)
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dF(B — D*fﬂg) _2G12;77%W|V},b|2m313m]3*
dwdcosfydcos v dy 274
+ (Jas sin? Oy + Jo. cos? v ) cos 20, + J3 sin? @y sin® 6, cos 2

X (Jls sin Oy + Jy. cos? Oy

+ J4 sin 260y sin 26, cos x + J5 sin 20y sin 0, cos x + (Jgs sin? Oy + Jg. cos? 6v ) cos 0y

+ J7 sin 260y sin O, sin x + Jg sin 260y sin 26, sin x + Jg sin? Oy sin? 6, sin 2x) .
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BELLE

. .. . . , , _ arXiv: 2310.20286
 QObtained |Vep| is in agreement with the fit of the one-dimensional partial rates oreliminary

determined from the same data set
e Also agrees with the latest & most precise determinations of [Vcb| from inclusive mode

This Work
BGL33» 0 MILC+HPQCD+JLQCD (p=0.75)
BGLs3> o MILC (p=081)
BGL332 @ HPQCD (p=050)
BGL33» o JLQCD (p=0.83)
Veo| = (41.0+£ 0.3+ 0.4 £ 0.5) x 10° (BGL332)
CLN O MILC+HPQCD+JLQCD (p=0.39)\ s
CLN o MILC (p=0.26) Veb| = (40.9+0.34+0.4+0.4) x 107° (CLN),
CLN o HPQCD (p=0.37)
CLN O JLQCD (p=0.72)

Phys.Rev.D 108 (2023) 1, 012002

BGLs3; (Update) 0 MILC+HPQCD+JLQCD (p=0.16)
BGL12: O ha, (1) (p=0.07) : :
CLN (Update) o MILC+ HPQCD4LOCD (p=0.04) * BGL truncation chose based on nested hypothesis test
CLN © M, (1) (p=0.06) e Exp. systematic Uncertainty: limited sample size for
........................................................................................................................................................................................................................................................................................................................... migration & eﬂ:, branching fraction of D decay,
O Excl. CLN HFLAV Summer 2021 B — D*¢v form factor, tagging eff. etc.
Incl. E;, mx Moments -0
Incl. g2 Moments O
CKM Unitarity O
37 38 39 40 41 42 43 44 45
|Vcb| x 10°


https://arxiv.org/pdf/2310.20286.pdf

Angular Coefficients of B - D*¢v
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Plans for Future |Vco| Measurements at Belle |

 Belle ll Physics Week - Vcb workshop @ Nov 2023 [indico link]

e Experimentalists + Theorists: discussed crucial proposals on |Veb| in 3 years & beyond

e Will wrap into a KEK report (in preparation)

Exclusive

- Latest exclusive |Veb| in Belle’s angular analysis is in agreement
with inclusive determination

- Two out of three LQCD groups’s results on B - D*{v form
factors showing tensions with both experiments and HQE

Status

- Measure angular coefficients / helicity amplitude with
external constraints on normalization (only shape
measurement, hadronic tagged)

» Separate measurement for branching fraction (preferably
untagged)

Plan

- Simultaneous analysis of B — D, D*£v provide better
sensitivity
10


https://indico.belle2.org/event/9402/

Plans for Future |Vco| Measurements at Belle |l

 Belle ll Physics Week - Vcb workshop @ Nov 2023 [indico link]

e Experimentalists + Theorists: discussed crucial proposals on |Veb| in 3 years & beyond

e Will wrap into a KEK report (in preparation)

Inclusive
= with inclusive determination is consistent with previous incl. determinations
©
C.I;J - Two out of three LQCD groups’s results on B - D*{v form - LQCD effort of inclusive calculation started
factors showing tensions with both experiments and HQE
- Measure angular coefficients / helicity amplitude with * Measure all kinematic moments simultaneously for future
external constraints on normalization (only shape .. : .
measurement, hadronic tagged) » Semi-inclusive measurements are needed to improve the
- ’ understanding of “gap” modes
O . Separate measurement for branching fraction (preferably
ol untagged) * Need to evaluate QED effects (provide additional results w/o

FSR correction)

- Simultaneous analysis of B — D, D*£v provide better
sensitivity * Provide differential inclusive spectra to support LQCD study


https://indico.belle2.org/event/9402/
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: : : : 1ncl. excl.
First Simultaneous Determination of |V!)| & [V¢} /O
BELLE
 Using full Belle dataset of 711 fb-" PRL 131, 211801 (2023)
Z+
e Hadronic tagging with Neutral Networks / .
_ .7
e Use BDT to suppress backgrounds with 11 training features, e.g. B ~__ B
—x
2. + Y (4S / \/X
Mmlss’ #K=, #Ks, etc. Hadronic Tag W Signal Side -
» Reconstruction strategy inherited from recent Belle's B = X v T
measurements (phase space region Eg > 1 GeV) € 4<_€
e AR, V., 1@PRD 104 , 012008 (2021)

o Differential spectra @ PRL 127, 261801 (2021)

Can fully assign each final state particle to either the tag side or signal side

x10%
| | " == Other ; => Allows to reconstruct X,
I B-X v
ar mm B-X, Ly |
— | — v . Reconstructed kinematic variables
g | L_-1 B-X,lv shape _
S 3t ¢ Data - e Hadronic system X:
— vz MC unc.,
=~ !
2 BDT > 0.85 = 2 2
5| px = Yi(y/m2 + [pil%, ps) + u(Ei ki)
g’ ; tracks neutrals
T
1} e Missing mass squared: e Leptonic system:
- 2 _ 2
' Mo = (Py(as)y = Prag — Px — P¢) q* = (pg— py)* = (P, — p,)*
Oo.o 0.2 0.4 0.6 0.8 1.0

BDT classifier output
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.261801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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Signal Extraction of Incl. & Excl. B - X /v /O

BELLE

PRL 131, 211801 (2023)

e Additional selections on thrust T of X system in c.m.s to increase significance of B — n£v
e Extract signalin q° : N_. for B — 7y and other B — X £v events

e Simultaneous determination of signal yields and B — 7£v form factor (FF) parameters

e Systematic uncertainties included via bin-wise Nuisance para. 6 of each template

_ | Constraints on BCL parameters , input taken from
~2log & = — 2log | [ Poisson (nobs, Mprea * (1 + € - 9)) +0p; 0" . LQCD / LQCD+exp fits in FLAG Review 2021

i | | | | i | | | | i | | | | i | | | | | | | - 2500
Nﬂi +350 ~ Np==0 Np==1 Npz =2 Np= =3 High Mx 1
< 300 | # mCune 1 2000 < Normalisations P _ Differential decay rates
D - ® Data O . . :
o " m By 5 can be linked with = + o
~ 290 [ =3 8oy ~ . . L. . B o> a1t Acceptance & reco. efficiency
= L Other Box,tv 1500 Isospin relation, or
vV 200 | = Background A ' other B —» X v .
§ | § floating separately u Forward-folding q2
< 150 [ 1000 = (nominal: linked)
12 [ Postfit 12
C i | C
® 100 | , >
L : | 500
1o
@) - .
S 1.25 |
© 1.00 |
© 0.75 |
a 075}
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https://epjc.epj.org/articles/epjc/abs/2022/10/10052_2022_Article_10536/10052_2022_Article_10536.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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Signal Extraction of Incl. & Excl. B - X /v /O

BELLE

PRL 131, 211801 (2023)

e Additional selections on thrust T of X system in c.m.s to increase significance of B — n£v
e Extract signalin q° : N_. for B — 7y and other B — X £v events
e Simultaneous determination of signal yields and B — 7£v form factor (FF) parameters

e Systematic uncertainties included via bin-wise Nuisance para. 6 of each template

. Constraints on BCL parameters , input taken from
~2log & = — 2log | | Poisson (nobs, Mpred * (1 + € 9)) +6py 0" . LQCD / LQCD+exp fits in FLAG Review 2021

i | | | | i | | | | i | | | | i | | | | | | | - 2
N]Z'i *350 [ Np==0 Np==1 Np==?2 Np==3 High M : 500
< 300 | 7 ucune Normalisations .- v _ Differential decay rates
- @ ata . . <
o A can be linked with = + o
2 250 F = gonviy sospin relation, or n B> afuv Acceptance & reco. efficiency
|_i | [ Other BoX v y
- [ Background .
v 200 g floating separately other B - X, v Forward-folding g>
S ok (nominal: linked)
22 [ Postfit
< i
2 100 F
LL - |
50 |
=<t vt | = [EE= D)
T e ot % (BESNED) + BB = n*¢v) + BB — X"ev) | | T\ T
Z ’ 3 ] —_
§1.oo]]]] I{}ll{}{{' = BB - X )
8 075 ¢ 1
o) N S RS TR SR STFTFRSARSTrasas T A‘%(}3_>)(ul’ﬂ1/)=‘%(l3_>)(ul’ﬂ1/)OGAPS:E12>1G6V . A%(B_)Xfy)
q * E '_'. - N © o - '_'. N © o - ™ ‘ VHI;CI — e
e R = g ’
ntddg o 2og = g - Al'ggou
W
o 15


https://epjc.epj.org/articles/epjc/abs/2022/10/10052_2022_Article_10536/10052_2022_Article_10536.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Results of Incl. & Excl. [Vub|

Various fit scenarios applied:

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)]

48 —m™mMm™mm@mm™————m4—m————rr—7TrT T
i e B-n*fv TXI1 Comb.n% * fit SM: fnxccll—ll\\//“b"ll =1
46 L o B-n%y - Belle (GGOU) W HFLAV (incl. GGOU) i

) _
2 _ ]
— : L :
— 42 —}7 .......... Y A ;
3 i y/ ) |
NP / | (4.15 +0.25) X 107
= _
£

'
\
'I 1 [Belle, PRD 104 , 012008 (2021)] T

I I ® A ¢ ’l ]
3.8 | | J :

I \ / ]

: \ 4 _
361 e :
3_4_....|..,.|....|....|....|....|....|....

3.00 325 350 375 400 425 450 475 5.00

Excl. |[Vyp| - 103

|Vub| in combined scenario with LQCD+exp const.:

Excl. (3.78+0.23. +0.16_  *+0.14, )x 107>

SYS
(3.88 +0.20.. +0.31_ . £ 0.09;.) X 107
Ratio 097 + ()12 (10 — Ol 1) compatible with the world

SyS
average within 1.20

stat

Incl. stat

418 m-—m—m@m 47—
e Bomty  TX1 Comb.n® * fit SM: prr sl = 1
4_6 __ () B—)T[OZ\) ===« PBelle (GGOU) li" HFLAV (incl. GGOU)
4.4 |
42 B e | /’ ’’’’’’ ~
.............................. SHnonos emaatNonc o oo o oo o
/ \
/ \\
40 B II \
I 1
I /) A o 1
3.8 | ! ]
i "\ /I
3.6 [ \\\\ ,//
34|||_|_|||
3.00 325 350 375 400 425 450 4.75 5.00

D>
[O

BELLE
PRL 131, 211801 (2023)

Excl. [Vyp| - 103

Weighted average of
excl. & incl.

(3.84 £ 0.26) x 107

This is consistent with CKM global fit (w/o [Vub|):
(3.64 £ 0.07) x 10~ within 0.80
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Global Fits

B — Xy Global Fit:
- Large model dependence in B meson shape function (SF) => need data-driven treatment PRL 127, 102001 (2021)

* Most information in differential spectra

- Combining different decay modes (same leading SF) in a global analysis is the future

dTl', = |V VX [2m? |Cvi7nc:1|2 /dk ‘/7[777(E,7;k) ﬁ’(mB —2E, — k) +---

dru:|vub|2/deu(p},px,Ee;k)ﬁ<pX—k)+--- A

"5\MBg

=
ot

e Fit parameters: ViViPm2, [Vus|2 F(Az) = 1[Y02 enfu(@)]
» Theory Input: W;(...;k) computed to (N)NNL'+NNLO in 1S scheme

theory unc.
* Factorized shape function:

F(k) [GeV ]

=
o

o /dk O

F\(k) nonperturbative part 60 (w, H'A) perturbative part 0.0 T e O T e
@ Determines peak region @ Generates perturbative tail with 60 0.2 04 06 08 1.0 1.2 1.4
o Fit from data correct pua dependence k [GeV]

17



Global Fits Prospectson B - Xy + B — X (v

— 1F
> = —e— Toy SuperB
-
* Theory 0.7 i
ft0q "I
» NLL" + NLO —osE || L1
%0.4 m:m )
* ignore subleading SFs b;“-?’ -
° T VO.]_ u f 4.5 | | | | | | | | | | | | | |
oy study R T - e
120 g is s on o o -, =S Belle II Projection -
» Generate mX, EI, and EX from theory E, [GeV] B S (exp. + param. uncertainties)
. = .F 4.4 N
» Smeared from uncertainties and 5 3 o - 1 359
correlations inspired by BaBar hadronic 2251 1 - 1 2.90/
tag analysis, Belle || hadronic tagging ﬁz of a - -
efficiency is much better by now §1.5;— B+ X 1M, : :
* Target lumi: 1/ab, 5/ab ? e - -
0.5 _ i
» Caveats: S i i
4 00 o m e on e gy - .
* No resolution effects considered mx [GeV] 4.1 B N
* No theory uncertainties included (1) L SR i :
30F — Fit i }
* Not done with Belle Il MC 25F 4.0" ]
20
150
10M
sk
Credit: F. Bernlochner 0 , , , ,

e e e e
E, [GeV] 18



Clle] o EIWA EWAIE

4.5 T T ]
Incl. versus Excl. /77 Belle I Projection”
Problem (3.4 0) 4.4 S N
Differential i
Information 3 4.3’_ ]
B — X, vy E i ]
g ) S L, ob -
By Unknown distribution, equivalent 4'2: ]
mx to Proton PDF for LHC : :
vl A __
b-Quark : f
+ 0 L 4.0
. = momentum distribution
— Ag?Y
O
( /) ] QO |C7|, Cg, C10 » Search for New Physics
. >
B — X, ¥ B 16.5T
: =z M Fundamental parameter sy
q D of the Standard Model 16.0[ o _
B—:( . n IVCbI — Incl. versus Excl. ; 1 -
EC % Problem (2.4 o) =
k . . | . Q 15.0! -
q- R(X) —— 4 o difference in semi-tauonic 2 [
+ decays . . -
B—X10, 1
2 27 14.0 ————— S ]
[ q ] 4.70 4.75 4.80
7777777 mll,s [GeV]
Credit: F. Bernlochner PRL 127. 102001 (2021)
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Search for B — v at Belle i

* Sensitivity based on a data set of 362 fb-! studied with MC simulations o ___

e Full analysis chain validated in pseudo-data //I;EI hadronic tagging ™

e With optimized signal selection: statistical uncertainty 37% (2.8c from null Rest Of Event | ;
. . \ I
hypothesis), systematic uncertainty ~13 % (ROE) Y
/
* Results expected to be releasedin2024 - ___2 P
Most discriminating variables for signal: ;7 ’ AN
« EF¢[ % the extra energy not associated with the By, and Bj;, (Rest of Event). ) JRELTY N
, - 3 |
o MZ:, . =E%,. . —pZ.. squared magnitude of the four-momentum p,,,;ss. ! VT Signal side
A data-driven correction is applied to both the variables to correct the distributions. \ |
Belle Il preliminary: B-tv Had FEI Belle Il preliminary: B-tv Had FEI \\ """" ,I
- [cdt=362f"1 B Sig W B°B° [ Sig x100 ] o, mmsg mm 8B I Sigxs00 | \ s Ve /
500017, epy EE 55 mE G - MCUnc | 14000_—cht=362fb ' BN 55~ EE g7 7 MCUnc AN " ! 7
s000] t .: 120007 , ‘; N~ __--" “~  1-prong modes
- extra ; . . 740
) EECL _ C10000_— Mmiss — (l = e, u) ( 71% BR)
@ 3000 = @ !
8 27 — No Extra Tracks
% 2000 oo (from IP)
4000:
1000; i
i 2000-—
5 o

EEX"™ (GeV) M2... (GeV)? 20



Expected Sensitivity of Leptonic |[Vub| on Belle |l

e EXxpected event yields and
precisions on the branching fraction

and determined |Vup|

e Ultimate precision on |Vub| at ~2.5%

level from B — tv, B — uv

B(B " —/¢ " 1) relative uncertainty [%]

40.0;
35.0:~
30.05-
25.0@'
20.02‘
15.0%
lO.OE~

5.0f

' Belle II

T
AP 1500

—— BT =717y,

117.5

115.0

112.5

44—
-~
&

> M
g O

1

10

o)
-

Integrated Luminosity [ab ']

Exp. |V, relative uncertainty [%]
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Summary

e Several new results on |Vx| measured recently at
Belle and Belle |

b
-
(o))
o

| peak(Target)

It L[ab-1] ‘

2
Qo

e Useful discussions in Belle Il Physics week
trigger a clear plan for |Veb| in 3 years

e (Continuous efforts from experiment and theory
are still needed

Peak Luminosity [x10*°cm s™']
N

e Expected upcoming Vx| results in 2024 spring:

%015 2024 2029 2034
e Had.tagged B — nfv, B — pfuv

e Untagged simultaneous B — nfv, B — plv

e Had.tagged B — tv

« Had. tagged B — uv [Belle+Belle Il]

22
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Backup: Angular Coefficients of B - D*/v

arxiv: 2310.20286

preliminary
AFB _ § (']66 + 2J68)
23J le — ch + 2(3J 1s — st) ’ TABLE VII. The fitted coefficients for the BGL fit described in the text.
(DY) — (3J1c — Jo¢) Value Correlation
L(D”) = 3Ty, — Jo + 2(3J1, — Jo.) ao X 102 2.68 £0.06 1.00 0.03 -0.11 0.17 0.00 -0.02 0.08 -0.04 -0.19
le 2c 1s 2s 9
| AT a; X 10 —2.65+2.35 0.03 1.00 -0.67 -0.01 0.17 -0.03 0.09 -0.03 -0.10
Sa = 3 , ar X 102  —145.18 + 87.35 -0.11 -0.67 1.00 0.03 -0.02 -0.03 0.01 -0.05 -0.03
T 3J1. — Jop + 2(3J15 — Joy) bo X 102 1.30 +£0.01 0.17 -0.01 0.03 1.00 -0.02 0.02 0.02 -0.03 -0.50
3Jx by x 102 1.30 £ 0.66 0.00 0.17 -0.02 -0.02 1.00 -0.66 0.59 -0.46 -0.28
S5 = 37 _J 237, — Jp.) by X 102 —11.50 4+ 22.40 -0.02 -0.03 -0.03 0.02 -0.66 1.00 -0.45 0.40 -0.04
le <2 ls — “2s c1 X 102 —0.25+0.16 0.08 0.09 0.01 0.02 0.59 -0.45 1.00 -0.82 -0.32
g 3J7 co X 102 0.78 & 3.29 -0.04 -0.03 -0.05 -0.03 -0.46 0.40 -0.82 1.00 0.05
7 3J1. — Joo +2(3J1s — Jog) Ves| x 102 40.97 + 0.67 -0.19 -0.10 -0.03 -0.50 -0.28 -0.04 -0.32 0.05 1.00
1 4.]
S, )

N T 3ch T J2c + 2(3‘]15 T ']28) ,
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Backup: Angular Coefficients of B - D*¢v

CLNFI[

won BGLEY, ]

1.0

1.1

1.2

1.3

w[l]

1.4

1.5

1.6

1.4 -

Ri(w)

1.0 -

0.8 -

% JLQCD [2305.14092] 8 HPQCD [2304.03137] O wMic [2105.14019]]

BGL(332) CLN
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arXiv: 2310.20286
preliminary

ltO 1.1 1.2 1.3 1.4 1.5
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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 -


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

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

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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Hybrid Model of B —» X /v

BY Bt

----------

Hybrid MC is a combination of resonances (exclusive decays)

1.2f — Re4onances | ‘ L """"" ] L4 — Re4onances | u
] ] ] ] . e [ @ Nohresonant | ' il 3 Nomresonant I i
and non-resonant contribution in the inclusive B — X v S 1op = gﬁﬂdmde' 7312 — “EFW“'
V) S 1.0
i 0.8f 73 BLNP 0 s
decays = S os
-~ -~ 0,6
. . > I ] S
e EvtGen simulation: D oaf q
. . i — . 0 .
(1) exclusive modes B — (7, p, w, n(g)f v with latest WA o e £ [Gev]
form factors & branching fractions . 10"
.............. SRR AR A oL LR ik 2 AT L NG SEUS A SIS AR L
: - ! el o) E’lﬁii?" i kb E’lﬁii‘i" onant ]
(2) fully inclusive B — X v (only non-resonant shapes, e.g. = I l I I l |H,.,,,d| el <% i I I I I IHV.,nd| odel
@ - L__J| DFN w - L__J| DFN
BLNP, GGOU) o L5} o I = L L 2% L] el ewe |
1N 'BEEEEIA T 'REE
e (Calculate hybrid weights to mix resonance & non-res. in 3D Zost| I 1 &,
binning of (¢°, EZ, M) to recover total B(B — X, V) in - el
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
each bin My [GeV] My [GeV]
H. — R _|_ a)N 1.2 - | | | | — esonancesl‘_ 1.4"10 | | | | — esonanceslf
i — T WY i et Py o
$ capw 1) g =1k
g. 0.8 ... BLNP - g. o i BLNP -
. . . . . =] ] o ]
e Systematic uncertainties include the impact from = 1 Zos -_
' i ' g o | E % 0.4 | | 3
exclusive FFs & BRs, total 4(B — X ¢'v), inclusive E | i r
models s ¥
q? [GeV?] q* [GeV?]

EvtGen truth 28
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