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= | V., land |V, |

Precision measurements of CKM matrix at the core of the physics program at Belle 11
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‘ Vcb‘and ‘ Vub‘

|V, | and |V_,| are determined mainly from semileptonic decays of B mesons
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Two main approaches for |V ,| and |V, | measurements

Inclusive Exclusive
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So how do we do this at Belle 11 ?



Exclusive Vel
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= B — D*¢v

¢ (lean mode with a good handle on etficiency and
backgrounds.

e Measure the differential rate as a function of 3 angular
distributions and w.

e Extract Vel using averaged differential rate and input from
Lattice QCD calculations.
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e Untagged analysis using 2019-2021 Belle II dataset: 189 tb-!
o Reconstruct D't — [D” — K~ z7]z" and identify lepton
candidate



= BO —> D*_I_f_ljf

e Need the direction of signal B: Belle Il [cdt=189fb Belle II [cdt=189fb
. . sk _ _ .
e Use the direction of the D ¢~ (Y) system to L BOsD* -, %% = Troe D* background -
. . . . . : . 20.0
constrain the signal B direction on a cone with 001 . T o ]
opening angle 0py. £ ' T 5\ | 5 e
. . : 15.0 NA -
e Examine residual tracks and clusters not used in the 5 : \ 5
signal reconstruction to determine other B direction. & . S oo
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e [Extract signal yield from binned maximum likelihood fits to AM and cos 0y in each bin of the kinematic distributions

Belle Il [ dt=189fb1 Belle Il [cdt=189fb1
:_ EO_)D*+e—Ve : Signal EO—)D*+G_UQ
3>.0¢ AM = MD* — MD 20.0 mmm True D" background
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- i e (- i I Data ‘m\) Z
e : o 1507 2z MC unc. ALy ~ |
— 250: — i 2 \‘)/":/ v Z 3
n ‘ 1 " [ , 7%
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10.0 ' s ol .
5.0 o : ﬁ
: — | :
OOI*'%" .......................... OO IR TR S | - -----------------------
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AM [GeV/c?]

B(B° — D*"e 1) = (4.917 £ 0.032 £+ 0.216)%
B(B” — D**uu",) = (4.926 £ 0.032 £+ 0.231)%

Test of Lepton Flavor Universality

R, = 0.998 = 0.009 = 0.020
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B — D*fv -

e Take the average of the differential rate from the 4
measured distributions and the two lepton flavours.

e Requires input on form factor parametrization. _Jparameterize the non-perturbative

physics of the
B — D* transition

dl’ "7~%WG% 3

14

. |= mp+(Mmp — mD*)Q(w)(w)l o)

3
dw A8
1
| ha,(1)[1 — 802z + (53p% — 15)2? fi(2) = 5 ) Gin2"
e Extract | V., | at zero recoil, w = 1. — (231p% — 91)2°] , Fi(2)¢i(2) 1=
Ry(1) —0.12(w — 1) + 0.05(w — 1)* Vw+1— /2
Mz TMp — ¢
W= CLN parametrization BGL parametrization
2mBmD

Nucl. Phys. B530, 153(1998) Phys. Rev. Lett. 74, 4603 (1995)
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B’ - D™t

e Use averaged decay rate to determine the form factors and |V
— -+ -+ -+ 3
1 " [Vl oy = (40.13 £ 0.47 £0.93 £ 0.58) x 10
Vep|mew F (1) = — -
vmemp® \ 5(0)¢5(0) | Vol gy = (40.57 £0.31 £0.95 +0.58) X 1073
Belle Il Jrdt=1897"" Using LQCD input: #(1) =0.906 £0.013  PRD 89,114504 (2014)
SR
60 [ B ->D "[ "y "“ﬂpj&if)
— e
T 50} Z : ith the worl
C. —— —— In agreement with the wor d average of
gl ol —— s 2 exclusive and inclusive approach
S : . s
x 30F ~Z albeit with large certainties.
= B 5
T 20
= Fitted CLN
10 - Fitted BGL . . o o
; @ Experimental data Leading systematic uncertainties are from the limited
s B R |, S, N T, I B - size of MC sample and the slow pion reconstruction.
w

Agreement between CLN and BGL fits
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B = D f L
Belle I f
e Looking beyond zero recoil with recent results (Eur. Phys. J. C 82, 1141 (2022))
e LQCD mput from Fermilab/MILC at w=[1.03, 1.10, 1.17]

Belle Il [cdt=189b!
BGL CLN 1.0 ' B°D**1-7, Inclusion of hg, (w)
Constraints on Constraints on Constraints on Constraints on : Inclusion of hg, (w),
ha (w)  hy, (w), Ry(w), Ry(w) ha,(w)  ha (w), Ry(w), Ro(w) 0.9F W)) Ri(w) and Ra(w)
ag x 10° 21.7 +1.3 25.6 =+ 0.8 ha (1)  0.91+0.02 0.94 + 0.02 : ¢ = I RTINS
by x 10° 13.19 + 0.24 13.61 & 0.23 p 1.22 +0.05 1.21 +0.04 < 0.8} ¢
by x10° —6 +6 2 +6 R;(1) 1.14 + 0.07 1.26 + 0.04 = | ¢
c; x 100 —0.9 +0.7 0.0 +0.7 Rs(1) 0.88 + 0.03 0.88 4+ 0.03 S 07 :
V| x 10°  40.3 +1.2 38.3 +1.1 V| x 10° 403 +1.2 38.7 +1.1 |
x "~ /ndf 39/33 75/39 x "~ /ndf 39/33 70/39 0.6
p-value 21% 0.04% p-value 23% 0.2% BGL
i v EaspER. . BENERE. & ESDEEES: & EDSKESE: ¥ TEOSKESDE U

« Agreement between the different parameterizations and the extracted |[V«| values .
« Constraints on hAl(w), R;(w), Ry(w) shift | V., | significantly and lead to tension with predictions from FNAL/MILC.
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e Another approach to measure |Ve| using hadronic tagging.

— ok ~__ arXiv2301.04716 .3/5:51.
Tageed BY — D™t/ U, %

/ utag” B

i e, " Fully reconstruct the decay of the other B
e el using hadronic modes.
e Determine exclusively the direction of the
Y(4S) tagging B and thus the signal B.
D (*) ‘V\\ e High purity approach albeit lower
efficiency.
< U +
e
\
- P4
' i
S18 Y
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https://arxiv.org/abs/2301.04716

D

5 B-tagging at Belle 11

e [Exclusive reconstruction of B mesons using hadronic and
semi-leptonic modes.

e Achieved using the Full Event Interpretation (FEI), a x10° Belle Il preliminary
multivariate algorithm based on a hierarchal approach. 1.OF @ Correctly reconstructed [cdt=34.6fb71]
- Il Continuum & mis-reconstructed
p . ' ‘, | - g NU 0.8} I Data _
Tracks } VO objects 1 KLMClustersw ECLClustersW 2 2 ;
e—— ) Eg T Ng: =38545 + 1161
( =& o =
vy S E © 0.6 Ptag > 0.5 : -
H =y
S W
@ +—
o2 C
£ 0]
3 > -
(N
0,0
5250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
Mpe (GeV/c?)
. . - 0 [ ] [ ] [ ]
e Employs over 200 Boosted Decision Trees to reconstruct * 30-50% improvement in efficiency compared to Full
~10000 B decay chains. Reconstruction at Belle.

7 Comp. Softw. Big. Sci. 3 (2019)



= arXiv.2301.04716 /@ ®.-
'S
Belle I
¢ Infer momentum and direction of signal B candidate _ . N |
e (Constrain the kinematics related to the missing neutrino by reconstructing e Reconstruct B;, = [D " = D"z |£ "1, and determine
everything else in the event. m,/,z,lissz
1 " 2 _ _ _ 2
tag B mmiss _ (pe+e— PB By, Pp+ — pz,”)
Belle Il Preliminary
180
< 160 f Lcit=189.3 fb” + Data
D “B° D’ u*v, and cc. OSignal
(O 140 | NBG
@ © 120 : | # : ---selection
€ S 100} '
o T, o 80
D) Q S 60Ff
2 40
< U © ;
O 20 -
\ :
B l \ ] -1 05 0 o 5 1 15 2 25 3
. ‘ ' 2
S1g VvV / m? ... (GeV?)
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https://arxiv.org/abs/2301.04716

> N >I< I arX1v.2301.04716 TJ\E,S/Y.
Tagged B’ - D¢ U,

e Extract V| using fit to the differential distribution and the total decay rate in the CLN parametrisation using
input values of the form factors R;(1) and R,(1). (Eur. Phys. J. C 81 (2021) )

R Belle Il Preliminary SysIterfr;iatlc sources Relative uncertainty (%)
To 5 r FEI efficiency 3.9
g 4.5 _ f Ldt=189.3 fb” ° g:: :;’t"h total uncertainty Low momentum 7 efficiency 4.1
~ 4 50 D'y, and cc. £ 1o uncertainty Tracking efficiency 0.9
:. [ 20 uncertainty Lepton particle identification 2.0
> 3.5 F
O 3 : + Background 1.2
0] 5 ¢ N, 2.9
0 2.5 3 Ffio 1.9
9 2 F + Number of mixed BB 0.9
x 15F + B(D - D°) 0.7
2 1 B(D° - K+7r_) 0.8
D 0.5 ECL energy 1.0
<] 0 Form factor 0.1
1 1051111512 125 1.3 1.35 14 145 1.5 :
MC sample size 1.8
Total 7.3

In agreement with the world average of
exclusive measurements
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> N >I< I arX1v.2301.04716 %E?S?-
Tagged B’ - D¢ U,

e Extract |Vep| using fit to the differential distribution and the total decay rate in the CLN parametrization using
input values of the form factors R;(1) and R,(1). (Eur. Phys. J. C 81 (2021) )

- Systematic sources Relative uncertainty (%)
— Belle Il Preliminary -

To) 5 r FEI efficiency 3.9
8 4.5 _ f Ldt=189.3 fb” ° g:: :;’tith total uncertainty Low momentum 7 efficiency 4.1
~ 4 50 D'y, and cc. £ 1o uncertainty Tracking efficiency 0.9
:. 35 : L 20 uncertainty Lepton particle identification 2.0
% Background 1.2
O a3 ! Ng5 2.9
o 3 f1o 1.2
O 2 F + Number of mixed BB 0.9

F N —_—
x 15F + B(D - D°) 0.7
> 1E B(D° - K +7r_) 0.8
E 0.5 ff ECL energy 1.0
<] 0 Form factor 0.1

1 1.05 1111512 125 13 13514 145 1.5 :

MC sample size 1.8
W Total 7.3

' A determination of the form factors using both BGL and CLN
| parametrizations, along with [Vl, with this tagged approach is in é
progress with current Belle II dataset. -

In agreement with the world average of
exclusive measurements
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Inclusive V!

@
DESY
/“.



Inclusive [V

“tag” B

e No reconstruction of the X, system.
e (Clean theoretical predictions: no form factor uncertainties.

e Experimentally more challenging due to higher background levels. \ /
e _\
X C '&
< U

e
d
\
Bsig l

22
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Inclusive [Vl

‘ Vcb|2
TB

e HQE in powers of 1/m, Br(é — XCED) X

 Determine parameters of HQE using moments of the differential rate.

2 ,2 3 3
uwaﬂGapDapL_Samb)(mc) \/
,

« Determine | V., | using the total branching fraction as input.

23
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Alternative Inclusive |Vl

e Achieve more precision by including higher order:

2

S S - ie T Sr(m
o< [Vel?mg [To + TV =+ 1) (=) + 25 (10 4 ==p(m) NOVEL
i T T M T APPROACH!!

2 3
HG G.,0 s —(6.1)\ , PD ~(D,0 1
_|__2(|‘( )_|__|‘( )) | 3|‘( )+(’)<4>...>

mb 7 mb mb

e Number of parameters: 4 up tol/mg, 13 up to l/mgl and 31 up to llmg

e Use reparametrization invariance to link different orders of 1/my and reduce the number of total parameters
e Requires RPI observables such as g> — 8 parameters instead of 13!

Measure < g>" > with Belle II data to determine inclusive | V.,

24 Fael, Mannel, Vos , JHEP 02 (2019) 177
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= g* Moments of B — X £v,

e Use hadronic FEI tagging with 62.8 {b-! of data and 1dentify
one signal-side lepton.

e [dentify X, system using remaining tracks and clusters in the
Y (45) rest of event.

o Use kinematic fit to improve overall g% = ( p; - p;‘g)z,
sig

- Belle Il (Simulation) 77771 Kinematic Fit
[ Reconstructed

- Kinematic Fit .
Mean: 1.20 GeV?/c? B = X v Sighal MC

determined in CM frame. -
0.4 F rms:2.65 GeV?/ct

+ Reconstructed
Mean: 3.43 GeV?/c?
rms: 5.76 GeV?/c?

“tag” B |
= 037

P,
\\‘A
Events norm. in arb. units

- Y(4S)

Xc

/ : ' —4 -2 0 2 4 6 8 10
Bsig ! :

Y qrzeco ) qéen [GEVZ/C4]

e"\
:g N
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e Subtract background from M, distribution using an event-wise
continuous weight function.

1.0

Events / (0.07 GeV/c?)

x 104

B B- XAy
Im BB Bkg.
B efe” »qq
w2 Uncertainty
Data

Belle Il

- [Ldt = 62.8fb1
0.8

Signal Probability w(qgZ.,)

(G2co) [GEVZ/C?]

My [GeV/c?]

1.2

0.6 |
0.4 |

0.2 |

g* Moments of B — X £v, &

L Belle Il
- [Ldt = 62.8 b1
1.0

0.8

0.0 |

50

T100 125 150 175 200
[GeV?/c?]
e Calibrate < g*" > using the relationship between the

generated and reconstructed moments. g2, = (g2, — c,)/m,

13 |
12 |
11 |

10 |

— (Qfeco) =m" (qéen,sel) +c
g% > 1.5 GeV?/c*
g% > 2.0 GeV?/c*
q%> 2.5 GeV?/c*
g% > 3.0 GeV?/c*
q? > 3.5 GeV?/c*

e
8
A
4
*

[ m=1.04+0.00
[ ¢ =0.75+0.01 GeV?2

\4
o
8
A
o

<qgen, sel) [GeVZ/C4]

——— Cubic Spline

g% > 4.0 GeVv?/c*
q?>4.5 GeVv?/c*
g?>5.0 GeVv?/c*
g?>5.5 GeV?/c*
g% > 6.0 GeVv?/c*

g’ > 6.5 GeV?/c*
g?>7.0 GeV?/c?
q?>7.5 GeV?/ct
g? > 8.0 GeV?/c*
g2 > 8.5 GeV?/c?

> 8 0 4 *

Belle Il (simulation)
L N L N | N N N N |




g* Moments of B — X .£v,

e Extractthe < g?* > ,n =1 — 4 moments, in the region ¢* = 1.5 — 8.0 GeV?/c*
e (Compare measured moments, after background subtraction and simulation, to
moments determined using B = X Zv

' Belle I o 0T Belle 1 ¢
9F [Ldt = 62.8 b2 < qz > * - [Ldt = 62.8 b1 < q4 > 6o
| on 80 | o0
. o .
| on — | 0 Agreement between
L °f - $ 0T - measured moments
\‘\ i e (\l\ ' o
> | . L ¢ and those extracted
& i ° © 60 0 ,
=7t %0 © - using X_. model.
N 6o — o
6 F oo oo
oo 40 | oo
_ da ¢ Measurement [ b % ¢ Measurement
- 6 o X. Model | dn o X, Model
5 N R T T T S T T 30 R N P B S S R B
2 3 4 5 6 7 8 2 3 4 5 6 7 8

First measurement of < g > at a B-factory. Combined with Belle data:

: : : : : _ -3
Crucial experimental input for the determination | V| = (41.69 £0.63) X 10
of inclusive |V, |. Consistent with inclusive determinations.
‘ JHEP10 068 (2022)




Exclusive 1Vl




D
|Vub|

Roughly an order of magnitude smaller than |V _, |

Experimentally challenging due to dominant B — X Zv background.

Charged LeptonEf Virtual W
Energy Mass Squared

Exclusive via B — wfv
* Most precise determination of [Vup| (~4%)

 Form factor determined non-perturbative from lattice QCD (high
g?) or LCSR (g°~0) .

dl” G%|Vip|?

3 2\ 12
A2~ 24 o7 f+(q7))

29

Hadronic
Mass

| V| = (419 £0.127017) X 107

|V, | =(3.67%£0.15)x 1073

PDG inclusive

PDG exclusive

Current ~3¢0 tension between
inclusive and exclusive
determinations




Untagged B — 77 ¢v,

untagged
\/
-
Y(4S)
T B \
‘/ e
.
Bsig : ‘

o
=~
(\O)
(\O)
N
o9
@0
=<


https://arxiv.org/abs/2210.04224
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arXiv:2210.04224 /@ ® »
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Untagged B — 77 ¢v,

o Identity pion and lepton to reconstruct B, with 189 fb-! of
Belle II data. untagged

o Similar strategy as untagged B — D*Zv to determine B,

direction.
e Suppress backgrounds from continuum events, e e~ — ¢g, /
using trained BDTSs /
y

31


https://arxiv.org/abs/2210.04224

D

arXiv:2210.04224 /@ ® »
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Untagged B — 77 ¢v,

e Identify pion and lepton to reconstruct B, with 189 fb-! of

Belle 11 data. ‘ N tag ge d

e Similar strategy as untagged B — D*Zv to determine By,

direction.
® Suppress backgrounds using trained BDTs

‘ »
&
-,
Y 4
o e P a2

o Pt

\ e Use tracks and clusters 1n the rest of the event to reconstruct

\ the other B.
B Slg [ \ e Determine the beam-constrained mass, and energy difference
vV of the other B.

beam

% g 12 — * K
- Mbc — \/(Ebezam o ‘pz ‘ ) AL = EB 2


https://arxiv.org/abs/2210.04224
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arXiv:2210.04224 @

Belle Il Preliminary
[cdt=189fb2

<O

Belle II

Untagged B —» 77¢ U,

e Extract signal yield from two-dimensional fits to AE and M, ..
e Determine partial branching fractions in 6 bins of g~.

x10~>
. 1 2 l_ I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 | 1 I 1 l_
e Extract |V, | LQCD constraints on the 8 BCL parameters as [ 1o -
nuisance parameters. Physical Review D, 92(1), 2015. N i _
S 10| — 20 4
B - etv, B s etv, ) - 3 -
Belle 1l Preliminary [cdt=189fb1 Belle 1l Preliminary [cdt=189fb1 O i —— 30 _
6000 - =3 Signal X Lv //+ MC unc. 6000 =3 Signal X Lv /777 MC unc. ~ 0.8 -
I Comb Signal  mmm Other BB ¢ Data I Comb Signal mmmm Other BB ¢ Data o B -
5000 + B X, v B Continuum 5000 X, Ly BB Continuum g : :
?;leevz (4,8]GeV? | (8,12]GeV? | (12,16]GeV?|(16,20]GeV? (20, =] GeV? ?;.i]Gevz (4,8]GeV2 | (8,12]GeV2 ' (12,16]1GeV2! (16,20]GeV2 (20, =] GeV? +:> 06 — —_—
< 4000 = 1 - -
o) o) I|: - -
() w0 L _
45 3000 - 45 0 0.4 - -
> > o _ -
W 2000 } - Q : _
Q 0.2 —_
© - -
1000 | _ -
I ]

- 0.13(syst) -

- 0.17(theo)) x 10~°

Leading systematic uncertainty from the estimate of continuum background.

Consistent with world average.
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Tagged B — mev,

“tag” B

.

B
e
Y(4S) \
I B i
4/‘/ b €
\
BSig \



https://arxiv.org/abs/2206.08102

arXiv:2206.08102 9.

D

DESY.
<o Tageed B — mev O
Belle I e
le—5 Belle Il Preliminary [cdt=189.3fb- le—6 Belle Il Preliminary [cdt=189.3fb!
. < SHE L L L L L 1 1 1 LA B L R e e
e FEI hadronic tagging to measure B(B — wev) ~ [ | | | | A R & -
: L 1.50F 1 5 °f _
with | L G 1% o :
e Identify oppositely charged lepton and pion using = o °f -
) o 1.00 4 9 i i
PID algorithms. 2 1 3 af .
: 2 : 2 2> 0.75 1 = I :
e FitM:. 1n 3 binsof g~. v 1 © .
miss q 'rT= 0.50 {1 < 2 ]
Belle Il Preliminary [cdt=1893fb"! ¢ .. 11 1 ;
—_ 25 E ' - 9, O- -
(W B°-nev 2/~4 2 2/~4 © : R . .
‘f&  mm Background 0GeV</c" =g <8GeV?/c 0.00 1 ° |
% 20 :-'/:// h[)d:t:tat. unc. —2 k=l é 11101 '1'51 210 2'5 —
O : q? [GeV?c™4]
15
(o) !
N
) i
g 10|
P BB’ — ©metv,)
- 5F
q) -
> B(BT — netuv,)
O L
g :
|5 ofe—e—4—4—4—4—4+—+ 4+
eSO
S | i i
Q -5 ] ]

R R T Y R TR T R TR Y Voo| = (3.88 + 0.45) x10~2

MZ2. _[GeV?/c?]

miss
Results are statistically limited.

36 Consistent with world average
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Belle II

The developing picture

Inclusive HFLAV a4k Inclusive HFLAV
MNE T T :
4.2 F
© o
— 40 — 4.0 O
X Eeaaa ey e X
= TS|
Q & : S Exclusive HFLAV
i 38 Exclusive HFLAV 2 36k
3.4F
36 HFLAV: exclusive HFLAV: exclusive
. . | . . HlFLAVi i”CI'USi\’e 3.2F HFLAV: inclusive (BLNP)
* gV * v pv XY Tagged mlv Untagged mfv Inclusive X, lv
ed P ed Y g@ed e A A
A
A

Bellell, [arXiv:2210.04224

Belle, [arXiv: 2301.07529]

Bellell, [arXiv:2206.08102

Bellell, [arXiv:2301.04716]
Bellell, [arXiv:2210.13143

Belle 1, PRD107 072002(2023) [arX|v 2301.04716

Momen ASUTE oTT 01 V,, With Belle result

Belle, [arXiv: 2303.17309]
Simultaneous determination of
Exclusive and inclusive V,,;,

Belle PRD104, 112011(2021) by F Bernlocher, et.al,

JHEP10(2022)068
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Belle, [arXiv: 2303.17309]
Simultaneous determination of
Exclusive and inclusive V,;
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Future Prospects at Belle 11

e Reduce systematic uncertainties related to the reconstruction of the slow pion.
e [mprove continuum modelling and related uncertainty with larger off-resonance sample.

e For tagged approach, also reduce systematic uncertainties related to tagging efficiency.
¢ (lean up low purity hadronic B modes.

e Achieve higher accuracy with improved measurements for N3 and £

e Achieve higher precision in the measurements of the moments for inclusive | V., | with larger dataset.
e Valuable input for theory!

e Improved measurements of B — D**{v.

Belle II will restart data-taking in Fall 2023.
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= Conclusion

e Measurements in progress to resolve |V .| and | V., | puzzle.

e Exclusive |V, |:
e Recent results at Belle II with untagged B — D*7v and the form factors in the BGL and CLN parameterization.
e (Consistent with both inclusive and exclusive determinations.
e Examine beyond zero recoil constraints from Fermilab/MILC.
e Recent results with tagged B — D*¢v approach and CLN parametrisation.
e (Consistent with world average of exclusive determinations.
e Work in progress for a full extraction of the form factors as in the untagged analysis.

e Inclusive |V, |:
e Novel < ¢?" > moments measurements at Belle II using tagged approach.
e First determination of inclusive |V, | using this information.

e Exclusive|V ,|:
e First results at Belle II with tagged and untagged B — #Zv.
e Both results are consistent with the world average.
e Work in progress for a precision measurement with current Belle II dataset (362 fb-!) and the inclusion of B — pZv.
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S FEI reconstructlon

e Exclusive reconstruction of hadronic B modes.
e Multivariate algorithm with hierarchal approach
g

RIR(]
1032999(]

[Tracks] [ VO objects ] [KLMClusters} [ECLClusters] e

LCATS
reurg

o] 0 ) Inclusive Tﬁ')g Infer momentum and direction of
: | < e = 0(100)% signal B candidate:
K? | 2, Consistency of B, )
sy 3 . o L\ (Mras) o )
[ D’ D" D J | Og 5 Semileptonic Tag /D: - PBsig = (EBszgaszzg) — ( 9 y —PBtag
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e HQE in powers of 1/m,

 Determine parameters of HQE using moments of the differential rate.

dEy

n dl
EE dEg

<En> _ fEe>Ecut

cut

. Using the branching fraction, determine | V.

Br(B — X p)

fEIZ > Ecut

‘Vcb‘2 -

B

[o

dE, 4 dEE

I— :u’ﬂ'

2
" my,

Inclusive [V

<(MX) >cut

2 ,,2 .3 3
Hrs UGy PDs PLss Mb; (mC)

2 2\n dI
f E¢>Ecut dMy (Mx) dM5 X B f E;>Ecut dE; dEg
dM2 _dr R (Ecut) - f dE, dr
ng >ECL1t X sz dEg
Kinetic scheme 1S scheme
O(].) Mp, Mc mp
O(1/mj) oy UG A1, A2
O(1/mj) PDs Pis p1, T1—3
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Alternative Inclusive V!

 Achieve more precision by including higher order:
I 2
I oc [Ve?mg |To + 1§V = + 1 (=) A (r<7r 0 4 Zr(m)) NOVEL
: " " m " APPROACH!!!
2 3
mb 749 mz mg

« Number of parameters: 4 up tol/mg, 13 up to 1/m,;l and 31 up to l/m,f
 Use reparametrization invariance to link different orders of 1/mb and reduce the number of total parameters

 Requires RPI observables such as g
dI‘ dlr
2\n _ n 2 =~

- 2Mgr¢ = 3 (B|b, [iD,,, iD,] [iD*,iD¥] b,|B) o <E’2 B?) T2 Geut

- 2Mgrg = % (B|b, [ivD,iD,][ivD, iD*] b,|B) <E2> dr dr
.1 _-_. . " Oé,B - — R*(2)_ d2— d2—

- 2Mpsg = 3 (B b, [iD,., iDo] [iD*, iDg] (—ic”)b, IB) o (7 - B x B> Qeut) = [ 99 dq? ; q da?

- 2Mpgsg = 3 (B|b, [ivD, iDa_ ivD, iDg] (—ic®P)b,|B) x (& - E X E> 9°>Geut

_ 2M854B — ; <B\Ev [iD,,, [iD*, [iDa, iD3]]] (—iao‘ﬁ)bv\8> X < 3 - B> . Fael, Mannel, Vos , JHEP 02 (2019) 177

8 parameters instead of 13!
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»
DESY
< Vol
u

 Experimentally challenging due to dominant B — X .Zv
background.

* Only certain kinematic regions allow for clean separation: lepton
momentum endpoint spectrum or low mx.

 Inclusive viaB = X, v

 Precision of (~7%)
 Operator Product Expansion (OPE) = Heavy Quark Expansion.
e HQE breaks down and a non-perturbative shape function is
required. E 2
Charged Lepton ¢ Virtual W q Hadronic
dr — dro + dr' (AQCD>2 LT, (AQCD)3 - dr, (AQCD>4 Energy Mass Squared Mass

mpg mp mpg

« Exclusivevia B — nfv
» Most precise determination of [Vup| (~4%) | V| = (425 +£0.127)12 +£0.23) x 10> PDG inclusive
 Form factor determined non-perturbative from lattice QCD

= + + —3 PDG exclusive
(high g*) or LCSR (g>~0) . |V, | =(3.70 = 0.10 £0.12) x 10

dl’ G % | Vb ‘ R a . Cul.'rent 730 tension be.tween
—— = . ‘ D ‘ ‘ f v (q ) ‘ inclusive and exclusive
dq 247 determinations
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Belle IT

Belle 11 experiment

A B meson factory in Tsukuba, Japan based on the SuperKEKB accelerator

complex.
e Upgrade of its predecessor Belle at KEKB. X‘

colision point |Belle IIdetectorl s
y '.I" X KL and muon detector:
Resistive Plate Counter (barrel)

=S¢€intillator + WLSF + MPPC (end-caps)

Positron ring

s L

Electron ring

W.Calorimeter:

CsI(TI), Wwayeform sampling (b
.. | Electron-Positron Pure Csl + waVeifg 1m Sa \\\\\\s\i‘\s\‘is}\“ =
linear accelerator e N\ — _
T R ticle Identification
2-of-Propagation counter (barrel)
X. focusing Aerogel RICH (fwd)

|

= - \ ~_

electron (7GeV)

(’
Beryllium beam pipe

Positron damping ring

2cm diameter 7 //'
Vertex Detector ////
>} ";/r;/'// i

k2 layers DEPFET + 4 |&

positron (4GeV)

Central Drift Chamber
He(50%):C2He(50%), Small cel
lever arm, fast electronics

e Luminosity projected to be 30 x larger than that of Belle.
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Belle, [arXiv: 2301.07529]
Bellell, [arXiv:2206.08102]

Bellell, [arXiv:2301.04716]
Belle, [arXiv: 2303.17309]

Bellell, [arXiv:2210.13143] Simultaneous determination of
’ Exclusive and inclusive V,,

Belle I, PRD107,072002(2023) [arXiv: 2301.04716]

Moment measurement only, extraction of V., with Belle result
Belle PRD104,112011(2021) by F.Bernlocher, et.al,
JHEP10(2022)068
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Bellell, [arXiv:2210.04224]

Belle, [arXiv: 2303.17309]
Simultaneous determination of
Exclusive and inclusive V,;



D

S FEI reconstructlon

e Exclusive reconstruction of hadronic B modes.
e Multivariate algorithm with hierarchal approach
g

RIR(]
1032999(]
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: | < e = 0(100)% signal B candidate:
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arX1v:2008.06096

B-tagging at Belle 11

e B — X7?v channel employed to calibrate the hadronic

e Outputs a signal probability which separates correctly reconstructed B FEI and account for data-MC differences.
mesons. e (alibration determined as Ngcf;/ NA)%” after selecting
12X Belle Il preliminary signal side B
n | = Y(45)->BB |
9; 1.0 i fﬁ dt = 346fb_1 Bl Continuum i %104 Belle || preliminary
=0 N , ] X103 4
v Btag III :\Dllgt:tat Hne- 1'0. B Correctly reconstructed IC dt=34.6fb~1
§ 0.8 _ ? ([;o?tinuum& mis-reconstructed ‘ Belle Il preliminary
2 L 0.8F ata [ B "
g 0.6} E | Np: =38545 + 1161 30001 fcgif_‘mfb IE gqngf
@) . - tag .
o Ptag > 0.5 . mm B-D'Iv
! B B- Div
04 8 i I Fake or Secondary
= 2000} . ete-od
0.2 . r# MC Uncertainty
o 0.0 1000
s - |
Li) 0 Hoﬁwv-ﬂ-'-m-ﬁ'—.—;m;—. 05(.)250 5.255 5.260 5.265 5.270 5.275 5.280 5.285 0 | -
S : : My (GeV/c?)
© gL - 2.5F
Q -1.4 -12 -1.0 -08 -06 -04 -0.2 0.0

oo iyt bt
| R A

_2.5 i PR

e 30-50% mmprovement in efficiency compared to Full Reconstruction at

Belle.
B R0 pt RO e Hadronic FEI calibration strategy has been established.
Hadrom e Semi-leptonic FEI calibration and performance studies in

Acronie Semileptonic for S 2022

FEI with FR channels 0.53 % 0.33 % Progress 101 Sumimer .
FEI 1.80 % 2.04 %
FEI 0.76 % 0.46 % 07 17
FR 028 % 0.18% FR 031% 0.34%
SER 04% 02% SER 03% 0.6 %

Comp. Softw. Big. Sci. 3 (2019) 48


https://arxiv.org/abs/2008.06096

»
DESY
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 Experimentally challenging due to dominant B — X .Zv
background.

* Only certain kinematic regions allow for clean separation: lepton
momentum endpoint spectrum or low mx.

 Inclusive viaB = X, v

 Precision of (~7%)
 Operator Product Expansion (OPE) = Heavy Quark Expansion.
« HQE breaks down and a non-perturbative shape function is
required. E 2
Charged Lepton £ Virtual W q Hadronic

A ° A > A 4 Ener; Mass Squared Mass
dl':dl’0+dl'2( QCD) +d|'3< QCD) +d|'4< QCD) > 1
mp mp mpg

« Exclusivevia B — nfv
* Most precise determination of [Vub| (~4%)

 Form factor determined non-perturbative from lattice QCD
(high g%) or LCSR (g>~0) .

| V| = (425 +£0.127)12 +£0.23) x 10> PDG inclusive

1V, | =(3.70£0.10 £ 0.12) x 1073 PDG exclusive

Current ~3¢0 tension between
inclusive and exclusive
determinations

dl'  G%|V|?

3 2\ (2
A2~ 24 o7 f+(q7)]
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B-tagging at Belle 11

e Outputs a signal probability which separates correctly reconstructed B
mesons.

e Exclusive reconstruction of B mesons using hadronic and
semi-leptonic modes.
- : : <100 Belle Il prelimi < 10% imi
e Achieved using the Full Event Interpretation (FEI), a 1239 = Ry N — Belle Il preliminary

. . . . 3 ' Y(45)»BB | ] Correctly reconstructed cdt=34.6fb1]
multivariate algorithm based on a hierarchal approach. Siof  [rdt=346fb71  mm continuum | W Continuum & mis-reconstructed -
~ [ Bt+ *// MC stat. unc. ] ~ [ § Data
%) [ ag ] w 0.8F
Losl { Data i 3 [
w, 3 - ] 8 NB{;g =38545 = 1161
. ) O 2 5 Z I :
Tracks ‘ VO objects KLMClusters ECLClusters e -r% 0.6 Le ) o 06l Ptag > 0.5 . '
5 L= 0.4 “le ] = A
2 0.2 2
_ T S . I g .' ]
> = O 0.0 : T
— - s T
e = < : :
ol O [ ] ¥
=~ © i ] 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
w2 © _qb - 2
g 0 “'TO% D12 S10 08 —06 —04 —02 00 Mpc (GeV/c?)
7 109(Prag)

e 30-50% improvement in efficiency compared to Full Reconstruction at

Belle.
. . BT B° B:t B°
 Employs over 200 Boosted Decision Trees to reconstruct ——
. aaronic : :
~10000 B decay chains. R - - Semileptonic
FEI with FR channels 0.53 7% 0.33 % FET 180 % 2.04 %
FEI 0.76 % 0.46 % — 031 % 034
FR 028 % 0.18% 31 7% 034 7%
SER 04% 02% SER 03% 0.6 %
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