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Full data: 711fb-1 Run1 data: 364fb-1, ongoing

® A%(B —> Xufl/) and ‘Vub‘ [PRD 104 , 012008 (2021)]

o d%’/dx, X = MX’ M)%, qz, Pi, EZB [PRL 127, 261801 (2021)]

e Simultaneous determination of excl. & incl. |Vub‘ [PRL 131, 211801 (2023)]

® A% ratio and incl. ‘Vub‘/‘Vcb‘ [arXiv: 2311.00458]
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e Simultaneous determination of excl. & incl. |Vub| eaL1s1. 211801 202 e Weak annihilationin B = X £v

o d/dx,x = xgg||e + cOSO,
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Reconstruct Inclusive Semileptonic B Decays with Fully Known Btaq

e +
/ Can fully assign each final state particle to
_ >V either the tag or signal side

-

B B,
\Y(4S)/ WX Allows to reconstruct inclusive X

Hadronic Tag " Signal Side

e Hadronic system X:
€ >e<F Px = Ei(\/qur + il pi) + 25 (Eis ki)

e Missing mass squared: e Leptonic system:

MM? = (Pyys) — Pag — Px — P))° ¢ = (Pg—Px)’=(P+PB)




Reconstruct Inclusive Semileptonic B Decays with Fully Known Btaq

x10* Belle
%y mmEow
> —= o
2 °C 4 it
/ Can fully assign each final state particle to 5 251 ”'ll B-Xtv " — ‘;‘j‘;jj;ﬁ“"‘é
— T either the tag or signal side S 20} . , b D=
/\ B B i
\Y(4S)/ WX Allows to reconstruct inclusive X § 1.0 fake & sec.
Hadronic Tag \ Signal Side W oos
e Hadronic system X: % 1‘2;' _ - ;;'[['”h'» | .
&, ae € S (y/m2 + [pilt,pi) + (i ) R oo L (LRI A
= . i| » Pi i\ iy B o84ty .
¢ X e Lo 2 oo 0.5 1.0 1.5 2.0 2.5
e Missing mass squared: e Leptonic system:
MM2=(PY(4S)_R:ag—PX_P£)£ q2=(PB—PX)2=(Pl+Pu)2
—~ 8
2 7
Challenge 1: i
N 5|
—
»Tagging efficiency € ~ 0(0.1%) 5ol
23
Qv 2
»LLarge background for low momentum leptons: T 1
. . O ,9°
misidentified or secondary SL decays -~ Efj > (.8 GeV or = 2
g 0.8

g° > 3 GeV?




A%B(B — X, ¢v) and Inclusive |Vup|
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Challenge 2:

- High background from B — X £v

PRD 104 ., 012008 (2021)
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Phase-space region

Additional
selection (GeV)

Fit variable(s)

”sig

My < 1.7 GeV,
EZ > 1 GeV

My < 1.7 GeV,
EZ > 1 GeV

My < 1.7 GeV,
g> > 8 GeV?,
E2 -1 GeV

EZ > 1 GeV
EZ > 1 GeV

My < 1.7

My < 1.7

My < 1.7

M, fit
EZ fit
g* fit

EZ fit
MX : q2 fit

1558 £ 69 =71

1285 + 68 = 139

98 L99 100

1303 =69 = 138
1801 814123
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Challenge 2:

- High background from B — X £v

PRD 104 ., 012008 (2021)
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Additional

Phase-space region selection (GeV) Fit variable(s) Msig

My < 1.7 GeV, My fit 1558 £ 69 £ 71
EZ > 1 GeV

My < 1.7 GeV, My < 1.7 EZ fit 1285 4+ 68 £ 139
EZ > 1 GeV

My < 1.7 GeV, My < 1.7 g* fit 938 +99 £+ 100
g> > 8 GeV?,

2=l GeVl

EZ > 1 GeV My < 1.7 EZ fit 1303 :E 69 & |38
EZ > 1 GeV My:q® fit 1801 +£81+123

Npkg = 7031 + 164

- Better tagging
performance with FEI
(~1.5 times higher eff.)

* Further improvements
form DNN (Tensorflow) to
suppress backgrounds

Belle || @364 fb-1,

estimated yields after all
selections in MC:

Nsig = 1817, Npkg = 4343
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Challenge 2:

- High background from B — X £v

PRD 104 ., 012008 (2021)
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Additional
Phase-space region selection (GeV) Fit variable(s)
MX =17 GeV, MX fit
B2 GoY
My < 1.7 GeV, My < 1.7 Ef,? fit
B2 = GeY
My < 1.7 GeV, My < 1.7 g* fit
g> > 8 GeV?,
B = 1 GeV
E’} > 1 GeV My < 1.7 Efj fit
E; >1GeV My : q* fit

A Phase space cuts|Acceptance eap
Tig pB > 1.0 GeV 86.7%
1558 + 69 + 71
pB > 1.0 GeV 56.5%
1285 + 68 & 139 Mx < 1.7 GeV
pP > 1.0 GeV
PEERE100 31.5%
g’> > 8 GeV?

1303 £ 69 = 138
1801 814123

pP > 2.1 GeV 19.0%

Partial region focus on the lepton
endpoint will be also measured
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Challenge 3:

- Poorly modelled gap modes and charm multi-body decays

DY 5 K nt7%"

+ 0
Decay B(B™) HB(B”) — BESIII model ¢ EvtGen model
D D* B — DE* vy (2‘3510_06).10—2 (2.18:!:0.06)‘10_2 - S —— 60000 ~————T—————T T
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A%B(B — X, ¢v) and Inclusive |Vup|

Challenge 3:

» Poorly modelled gap modes and charm multi-body decays

Data-driven correction based on B — X £v enriched sideband

» Exclude Nk from MVA training

« Split data into Nk = 0 for signal extraction and Nk > 0 for cross-
extrapolate B — X £v normalisations
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Challenge 3:

- Poorly modelled gap modes and charm multi-body decays

Data-driven correction based on B — X £v enriched sideband

» Exclude Nk from MVA training

« Split data into Nk = 0 for signal extraction and Nk > 0 for cross-
extrapolate B — X £v normalisations

 Further split into 3 regions based MVA scores, and 3 fit templates in
each region

- Simultaneous fit control region (CR) and signal region (SR), the high
statistics of B = X v in CR push the shape corrections to SR

- All systematics included as source-wise nuisances parameters and
shared in CR & SR

- \Validation region (VR) is used as pseudo-SR for checking the method
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Challenge 4:

« Seeking advanced signal modelling
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Challenge 4: Seeking advanced signal modelling

DFN was used as nominal for inclusive contribution at Belle.

At Belle Il, initially planned to switch to BLNP, but noticed two issues.

Hybrid recipe for combining excl. & incl.

123 Re4onances e | N l4r— Re:‘onances | | .
s F B No resonant | i i 23_- Nofresonant | | | P U
> 1.0 T3 Hybrid model 1 < 7“f £33 Hybrid model .
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S 0.6 ] 2%
il 1 Sos
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SR [ -
w - - w
0.2_— | .
0.0l :
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............ i'i'I'I””i'éi"\és;r;ln;és"f e i i'i'i”"i”él'lie's'or'\a'n;:és”f
2,0F BLNP ‘DF‘)N L Nonre%vant - 2,5} [, Nonrespnant ]
Y [ | | I I:IlHybrid odel ] S | | | | | :]lHybrid model|
3 | \ EACE | c=oloFn | ok | || | | c=2|oFN -
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s | | | S 13} =
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1.2 - | [ ' . I T ] L4 | | | T ; T l
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o ° CZ2' DFN 1 o os L2 DFN |
S 06 20t BLNP I [ - It BLNP
2 1 8
§ 04 i ] § 0,4
“o. 14 % o2
- | 0.0
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Challenge 4: Seeking advanced signal modelling - . |
Hybrid recipe for combining excl. & incl.

DFN was used as nominal for inclusive contribution at Belle. BO e B+

1.2 I:l Re40nances ' | . | ' ] L4f :I Reionances . | .
- . . . A | e 1
At Belle ll, initially planned to switch to BLNP, but noticed two issues. & = j | 8ot j 4
S | oo
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1of 8NP (ow para) | ~ _mp(SF) = mu2 pi (SF) 3 \ | g uiom e 3.4 ] S
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Challenge 4: Seeking advanced signal modelling - . |
Hybrid recipe for combining excl. & incl.

BY Bt
x105 x10° ||

DFN was used as nominal for inclusive contribution at Belle.
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Differential Spectra of B — X /v

PRL 127, 261801 (2021)

* Inherit same analysis strategy in the partial BF measurement [PRD 104, 012008 (2021)] https://www.hepdata.net/
record/ins1895149

e Additionally select |Emiss - Pmiss| < 0.1 GeV (not for £7) to improve resolution

Belle @711 fb-1 Agreement between data and simulations:
oo T T PafsentsianTaree T e A maaaan I I —y e
Sirsh o —— Total uncertainty | 3 070 [ ey 13 " umeeramty | 2 B 2 2
>1$3 1.50 :i"_{_,.l.t"'l —e— Stat uncertainty _ >1$3 0.60 -— g;F/Zrid B-X,lv MC FI{l'lﬁ ] >1§: 1.50 - -—I—u ~—— Hybrid B=X,Lv MC‘; X Ee MX MX q P_I_ P_
ageelifioy —— Hybrid B=X,{v MC 0.50 | BLNP s ; L T - gmp ; :
Q 1. = | ! 1 ] T 1
Ei:}i * 1 U:l ..... DFN 3’0_405_ I F{'j i l L] §’<1.ooj— % _______ : I — . Ildf 6 8 5 12 9 10
R ors ) | Zos ixs St LT 4= : S
ol UL p, | S p HE o #D L 0y | Hybrid 13525 2.6 45 17 5.2
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%0%0 05 10 15 20 25 30 35 40 000 et s 00 05 10 15 20 25 30 35 40 )
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O 038 e T A
S g | o erarny | o — Tomcenny | F | Loy
2T EF | Souii | |1 Tl ROPHL L g0 e
D 10| - o 1 gatieel I SSeanss 1 | %_ """ e & osof ' T X -; Need theorists’ great help to constrain/
M, 3 o= — 1 ~ L. =T B o o1 1
4 1 1. & L | S ook é . . . . :
7 L0 ;_TTC}:JF* =4 2 EF{__% q2 1 2 ool L _r improve the simulations with the observations
© ; 28 -7 oS | © i = 1
@ 050 f'_._'i lee 1 m o004} LI 1o o010k —e— ] _
= z-%Ti = 2w P, =R , | [long-term solution for Challenge 4]
,,,,,,,,,,,,,,,,,,,,,,,,,, o - L ; 0.00 | R
000 0712 14 16 18 20 22 24 26 000 =" 15 '2'0_' T 0o 2 4 6 8 10 12 14
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Differential Spectra of B — X /v

Challenge 5:

» Resolution of kinematic variables All

Belle Simulation

In the Belle study, applying Umiss = |Emiss - Pmiss| < 0.1 GeV b 18 75
=
improves resolution by 21%~37%, but looses 55% signals -
_.3 2
My, )
© | :
g 1
e !
= 12
o ]
0 -;10
0 . : —
Bin index of true My
Bglle Simylatipn -
7100 02 05 08 09 29 7.5-
80
L6101 02 01 05 14 56 Wmm "
©
‘%5 03 04 1M
qz §4-o.3 0.4 . 50
<3107 13 69 -33.511.7 52 0914
22—1.3 6.3 30.9 120 37 1.7 04 3°
= 1 20
ool 9.4 332 104 32 14 03 02| |
0 348 90 27 10 06 03 02- -gw

0 1 2 3 4 5 6 7
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Differential Spectra of B — X /v

Challenge 5:

* Resolution of kinematic variables All (Emiss - Prmiss| < 0.1

Belle Simulation Belle Simulation

1.8 7.5 0.4 1.9

In the Belle study, applying Umiss = IEmiss - Pmissl < 0.1 GeV
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Differential Spectra of B — X /v

At Belle Il, apply the kinematic fit strategy as developed for

Challenge 5:

measuring the g2 moments of B — X £ [PRD 107, 072002 (2023)]

» Resolution of kinematic variables reject events of failed fitting ~100% efficiency.
Belle Il Simulation
. c 161 meanreco =-0.5125 b-c
In the Belle study, applying Umiss = |Emiss = Pmiss| < 0.1 GeV § | msrco=o7en 1{ — rco
_ _ . ® | mean fit = -0.0408 1 Kin. it
improves resolution by 21%~37%, but looses 55% signals (—E 12{ RMsfit=03623 Ui =02
§ 0| mEmL” B X.tv
E 0.6 -
Belle Simulation £
200 A ] raw ;: 0.4 1
0.2 1
175 - : |Emiss - Pmissl <0.5
1 |Emiss — Pmiss| <0.1 0.0 3 5 ) 5 1 7 z
| Mx resolution [GeV]
0 1251 Belle 1T Belle Il Simulation
C
2 100- T | o o
S 1 kin. fit
| . O 1501 meanfit=0.1393
- Improve resolution o P21 Rws fit = 0.432 [ Uniss < 0.5
. ] = 125 . _ I
. without dropping S | Fsimssct=oatst B X/
a0 C S L0071 uUmiss sig. eff. = 0.6979 U |4
25 - efficiency Z
~ 0.75 1
0 - = T T - §
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 = el
Mx resolution [GeV] < 025-
0.00 T T ; T
-3 1 2 3

Mx resolution [GeV] 24


https://inspirehep.net/literature/2649712

Differential Spectra of B — X /v

In addition to Belle’s d93/dx, x = My, M2, qz, P*, EZB , angular variable cos(/, (the angle between

lepton and B in the rest frame of W) can be measured => extract forward-backward asymmetry

163 Belle Il Simulation
35 -.; LI B R B L R B B B 'l L 'm """"""""""""""""""" N 7 i T T T T T T T 1 T T T T 1 T T T T 1 T T T T J T T -
i i ] EviGen truth :
i B e e : - RMS =0.264
3.01 o 1 A o - " c 6 ]
T e I
: 3 = 0
25T - g 5 - -
: . BLNP (new para.) o |
i S W . - i
® 2.0} — BLNP |o|Io ; =4 ;
- i (old para.) o i
. — DFN - : < |
W 15fF —— DFN (diff. para.) ez - >3r 7
- -y . (U L
S0
mp (SF) mu?2_pi (SF) - N — B ]
1.0r BLNP new |  4.582 0.202 = ] 0 21
- BLNP old 4.61 0.20 = = - < [
- Lambda (KN) lambda_1 (KN) 1 [ N
05r DFN 0.621 -0.497 B :
- DFN diff. 0.588 -0.362
. N T TR T T I R I . 0 L EE—
002700 -0.75 -050 -025 000 0.25 0.50 0.75 1.00 —1.0 —0.5 0.0 0.5 1.0

cost, cosf, resolution
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Differential Spectra of B — X /v

Another option of unfolding:

OmniFold, unbinned & multi-dimensional unfOIding based on ML prL 124. 182001 2020j

One of the recent applications is “A simultaneous unbinned differential cross section

measurement of twenty-four Z+jets kinematic observables with the ATLAS detector”
[arXiv:2405.20041]

. . OmniFold
Detector-level MC . Pzirtlcle-levell M(f o(%)-adjusted Pai‘tlcle-level MC* measurement
l l ! ' T MC Final iteration ot l - I
Ux,) = : v(x,)
p |
RS * .. . i
Xp Xp

* -
. -
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Repeat X 4

If this can be applied for B — X v, users will obtain multi-variable differential
spectra with user-chosen bindings of user-chosen variables, and all moments with

user-chosen thresholds of user-chosen variable == all yvou need at once

>

26


https://dx.doi.org/10.1103/PhysRevLett.124.182001
https://inspirehep.net/literature/2791852

Differential Spectra of B — X /v

Another option of unfolding:

OmniFold, unbinned & multi-dimensional unfolding based on ML prL 124. 182001 2020j
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. l l
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arbitrary variable as Gaussian toys
(more sophisticated studies are planned) 57


https://dx.doi.org/10.1103/PhysRevLett.124.182001

Differential Spectra of B — X /v

Another option of unfolding:

OmniFold, unbinned & multi-dimensional unfOIding based on ML prL 124. 182001 2020j

80 - P OOr 35 - m— N = 2K
: : : : . : : == Median === N =10k
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00000

4arbitrary-vafiabl_e2 as Gaussian toys S e Consider this new method for future 2 ab-"@Belle Il
(more sophisticated studies are planned) o8
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Weak Annihilation Contributionin B — X v
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Searching for Weak Annihilation in B — X /v

- Last direct measurement is from CLEO@15.5 fb-1 [PRL 96, 121801 (2006)] with untagged: I/l ,_, < 7.4% at 90% CL

 Aim for a new direct measurement and separate B+ and B° from Belle Tnjected WA Model
M2 [GeV?] Ty [GeV]

% 19.94 0.02

B — X W (PHSP) 10,04 014

N2y (SLN) Simulate WA models embodied B — X v decays 19.94 0.52

" 22.11 0.02

L > 2m (PYTHIA)  scanning various masses and widths of W 22.11 0.14

Soft hadronic Xu: 22.11 0.52

M = 420-_#%4318 MeV/ 24.28 0.02

[ =280 =+ 140 MeV Ll Ul

24.28 0.52

Belle Il Simulation Belle Il Simulation Belle Il Simulation
3.0 :' | E 5 L
st 5 °f I
2 2.55- 5 | ® 4 E
S 2.0F T | T |
c £ 4 E 3|
= 15} = 3 = |
> > | > 20
(© 1.0:- T 2 G :
S 05| S 1 S 1}
< : < <
0.0 L 0 - NI

1.00 125 1.50 175 2.00 225 250 275
E7 [GeV]
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https://inspirehep.net/literature/708627

Searching for Weak Annihilation in B — X /v

e Fit g2 with various WA models embodied B — X v decays to extract the normalised signal strength pwa (wa=1for 1% of I',_ )

Belle Il Simulation  [c£dt=364fb1

104 F

- WA(B 1) O
o owas) B B+
. v(y)
> ; .
()
O
&)
— 107
wn
+J
C -
Qo - L& ="""=" &= + | [T
>
LL] IO ) e e = S
100 ..............................
1_00_—"'|'"|"'|"'—“—"'|"'|"'|"'—_
S 0.00}
(ol [
—1.00-—...|...|...|...—-—...|...|...|...—-
0.0 7.5 15.0 22.5 30.0 7.5 15.0 22.5 30.0

g’ [GeV?]
31



Searching for Weak Annihilation in B — X /v

e Fit g2 with various WA models embodied B — X v decays to extract the normalised signal strength pwa (wa=1for 1% of I',_ )

e |nject a WA model (e.g. m=4.7 GeV, I =0.141 GeV) with signal

strength (1,1) to form a pseudo data

* Fit with various WA configurations (expected limit if no WA)

Events / (2 GeV?)

Pull

10%

103 |

10! F

10°

Belle Il Simulation
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Belle 1l Simulation

Inj. M7, Ty = (22.1 GeV?,0.141 GeV) at pwa = (1,1)
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Simultaneous determination of excl. & incl. [Vup]
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D

First Simultaneous Determination of Incl. & Excl. |Vuy| /o

BELLE

PRL 131, 211801 (2023)

e Extractsignalin q” : N_. for B — nfv and B — X £v simultaneously

o Fitter corporates experimental observation of templates’ normalisations 7 and B — nZ'v form factor (FF) parameters atl

Constraints on BCL parameters , input taken from
LQCD / LQCD+exp fits in FLAG 2021

—2log L = — ZIOgH Poisson (nobs, Mored * (1 + € 9)) +0p; 0" +

PRL 131, 211801 (2023) Differential decay rates
i | | | | i | | | | i | | | | i | | | | | .I | - 2500
350 [ Me=0 Nps =1 Ny =2 Nes = 3 High My ] v Acceptance & reco. efficienc
: : Normalisation Shape P ' y
< 300 | 7 Mo 2000 < be linked with N P_
8 oo | mm s | 3 canbelnrecwin s B > ey g%sf”bed by Forward-folding g*
[ 3 Bony Isospin relation, or ara.
5 T Oter Bx,y 1500 p ’ other B = X, Cv P
vV 200 | = Beckoround Al floating separately
= 150 | Postfi ' 1000 = (nominal: linked)
> 100 B 0p >
o B nly . | 500 W
iother
Boxev || : s . o oxcl BB — ntv) \
-t o % A + 5B — x*0) + BB — X™tw)  |Veh| = T
S 125 | ! E — ‘B
51-001}}]]If{{liI}{ _ = BB - X,v)
8 075 ;_ ] ] ] ] ] ] ] ] ] ] ] ] ] ] ;
$5385758830508305088% ABB = Xfv) = BB — X, LV) - €xpspps1Gev ‘Vincl ABB — X, tv)
IS NS TN T IN8Ss IR Ly | =
~Eg8sT8g9y 728183 3 ub
nT=2g TEmRg TE2g g+ Al'ggou
m - J
(o)
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https://epjc.epj.org/articles/epjc/abs/2022/10/10052_2022_Article_10536/10052_2022_Article_10536.html
https://inspirehep.net/literature/2647250
https://inspirehep.net/literature/2647250

DD

First Simultaneous Determination of Incl. & Excl. |Vuy| /o

BELLE

PRL 131, 211801 (2023)

T 016 t + 0‘14th60) X 10_3 (LQCD + exp_) o Bom*v TEI Comb.n®*fit  —— SM:pgrl=1

stat — SYS 46 | e B-on’v -+ Belle (GGOU) 4 HFLAV (incl. GGOU)

yexel | = (3.78 £ 0.23

yinell = (3.88 £ 0.20y,, * 0.31,, + 0.09;,.,) X 107 (LQCD + exp.)

o | :
Ratio= 0.97 = 0.12 (p = 0.11) 42 —]r ..................................... -j
N (4.15 £ 0.25) x 1073
= | :

vesell = (4.05 £ 0.30,, £ 0.16,, + 0.16,,,,) X 107 (LQCD) 38
, 3.6 |
yinel | = (3.87 £ 0.20,,, + 0.31, + 0.09,,.,) X 107 (LQCD) S it R
3'4113.00 3.25 350 375 400 425 450 4.75 5.00
Ratio= 1.05%+0.14 (p = 0.07) Excl. |Vyp| - 103
Weighted average of excl. & incl. :
V.| = (3.84 +0.26) x 10-3 (LQCD + exp) CKM global fit (w/0 [Vu|): (3.64 = 0.07) X 1077,
ub compatible within 0.8c and 1.20, respectively

V.| =(3.96+0.27)x 10> (LQCD)
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Summary & Outlook

e Beneficial experience from Belle has been — 48— P,relln,“nary
carried over to ongoing Belle Il studies =1 1 e
00 e
e Expected compatible precisions between = - S e
Belle and Belle Il Run "
3:42— )
3.2:—

e Resolving all challengesin B = X v

measurements require continuous efforts 2.8 . | , ,

from experiment and theory T N 40 = I‘[*‘I‘O_gl
cb

2023

T \ i

 |mprovements on inclusive modelling are

| ded!! Can we say the 'Vub puzzle' has been resolved?
urgently needed!!

I wot, whak lcey elements are still missing?
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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 o’ 1012 um

" 100-150 um
g 6-7mm — d = %'_ \ 'K“* :
overlap region = bunch length EM Calorimeter: \\\\ \ |
e+ 4 GeV 3.6 A CsI(Tl), waveform sampling\ |
’ Belle Il - | N

}.

| Particle Identification:
/ 3l Time-of-Propagation counter (barrel)
. Prox. Focusing Aerogel RICH (fwd) y

- 7GeV 2.6 A —

newbeampipe  SUPErKEKB

electron (7 GeV)

& bellows

-

.', positron (4 GeV)

-"i,
,o

[Beryllium beam pipe: '

A

[Vertex detector:

Add / modify RF systems 2 Iayers DEPFET + 4 laye : - ; N
for higher beam current - E (TRG, DAQ):
Vlax ’:'_l kHz L1 trigger
Low emittance positrons '/; [, . 100% efficient for hadronic events.
i Central Drift Chamber: Vi
o imect = R s He(50%):CoHs(50%). Small cell MIB (PXD) + 100kB (others) per event
—— Y dard s Ioerf Ie:)/)c-;r ;rrfm( fa;'i’elc-rzrc]:?rof\::: | 4 ver 30GB/sec to record
u e ‘ g “rresecon = ' 2t | 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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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 40



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

PRL 131, 211801 (2023)

Leading Systematic Uncertainties

Sources Relative Syst. Uncertainty
Exclusive mode A(B — ntv)
Tagging efficiency
B — X,/ v modelling

B — X v modelling

B — X, v modelling
Fragmentation

Tagging efficiency

B - X.£v modelling
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Values from HFLAV 2021

. [arXiv:2206.07501]
 Endpoint of electron spectra from BaBar (2016)

m* = 4.561 £0.023,Ju-" = 0.149 = 0.04,

3033 Bosch, Lange, Neubert and Paz (BLNP) [594-597| provide theoretical expressions for the triple
s03« differential decay rate for B — X, ¢"v, events, incorporating all known contributions, whilst
3035 smoothly interpolating between the “shape-function region” of large hadronic energy and small
s036 invariant mass, and the “OPE region” in which all hadronic kinematical variables scale with the
3037 b-quark mass. BLNP assign uncertainties to the b-quark mass, which enters through the leading
3038 shape function, to sub-leading shape function forms, to possible weak annihilation contribution,
3030 and to matching scales. The BLNP calculation uses the shape function renormalization scheme;
s90 the heavy quark parameters determined from the global fit in the kinetic scheme, described in
s0a1  1.2.2, were therefore translated into the shape function scheme by using a prescription by

Neubert [598, 599]. The resulting parameters are |my(SF) = (4.582 + + 0.018)| GeV,
¢ eV/c?, where the second uncerfainty 1s due to the scheme
s04¢ translation. The extracted values of |Vub\ for each measurement along with their average are
s0¢s  given in Table 93 and illustrated in Fig. 63( ). The total uncertainty is 72°% and is due
a4 t0: statistics (T12%), detector effects (T} %) B — X /v, model (+0 9%) B — X /Ty
s0z model (7 %) heavy quark parameters (75¢%), SF functional form (*53%), sub-leading shape
s functions (T98%), matching scales in BLNP g, p;, pn (738%), and Weak annihilation (T9°%).
3000 The error a551gned to the matching scales is the source of the largest uncertainty, while the
s0s0 uncertainty due to HQE parameters (b-quark mass and p2(SF)) is second. The uncertainty due
3051 t0 weak annihilation is assumed to be asymmetric, ¢.e. it only tends to decrease |V,;|.

32 7.4.1 BLNP

u;, = 2.0, u, =4.25

3042

3043
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https://arxiv.org/pdf/2206.07501.pdf

Evaluation of Leading Uncertainties

Leading errors for |VyblsLne:

- HQE para (1, ,uj%)

**********

hd 6 **SET ERR 1.000

**********

1. taken from B é chy glObal flt In klnetlc SCheme [deta”S] START MNCONTOUR CALCULATION OF 50 POINTS ON CONTOUR.

EACH POINT IS A MINIMUM WITH RESPECT TO THE OTHER 6 VARIABLE PARAMETERS.

Y-AXIS: PARAMETER 4 mu2pi

2. COnvert -to Shape functlon SCheme (tWO Steps klneth -> pole -> 0.5450000 S RRREE L LLCELEELEREEEED xxxxxx ...............................

0.5350000 .. ) o )

) X X ) X Kinetic .

SF 0.5250000 X ) X )
0.5150000 .. X ) X )

) ) X )

3. compute with BLNP framework (50 points of mb-mupi ellipse)

4. take max +/- differences on [Vuo o a0
m,,(SF) = (4.582 +0.023 = 0.018. ... .) uion (T (S

0.4350000

Ha(SF) = (0.202  0.089 T ) .

0.4050000
0.3950000

0.3850000 N . .
0.3800000 @ tiiiiieieetcececececacccesccccscacatatscacatatatatatatatatatatatetatacsoatctscsctacsnsnsenn

[ MatChing Scales (//th, l/ti, /Z) 4.532/ 4.537/ 4.542/ 4.547/ 4.552/ 4.557/ 4.562/ 4.567/ 4.572/

ONE COLUMN=0.5000000E-03

. . X-AXIS: PARAMETER 2 mb m
1.No correlations assigned ’

2.Central values: pu,=1.5GeV, pu,=mv/2, =U;
3.Vary u,, i independently by sqgrt(2)*{+1}; the intermediate scale y; fixed at 1.5 GeV
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/InclusiveVcb/gbl_fits/kinetic/details.txt

Generator-level Truth

*\ery large deviation between the old BLNP (red) and current one (black).

*The old one is close to the current variation #4, while #3 pulls to the other side.
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Central BLNP: red -> black
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Belle para.(correct scheme conversion)

Old para. used in BaBar/Belle
New para. for BLNP

Nominal
HQE eigen vari(1up)
HQE eigen vari(1down)
HQE eigen vari(2up)
HQE eigen vari(2down)
mb scheme. up
mb schem. dwon

mu_piA2 shem. up

mu_piAr2 shem. down

mu_h up

mu_h down

mu_bar up

mu_bar down
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