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Belle II experiment

e A B meson factory in Tsukuba, Japan based on the SuperKEKB accelerator complex.
e Upgrade of its predecessor Belle and KEKB.
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Current Belle II dataset

Exp: 7-8-10-12 - All runs

Belle Il Online luminosity
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Results presented
today with 34.6
fb-1 of reprocessed
data.




Ve and Vb

Precision measurements of CKM matrix at the core of the Belle II physics program.
a d B s b - ~N
(&
v v v
) —«_ﬁ P K ﬁ 71( B -:é Jut
/e 0
V= |e¢ v | p =57 |5

D=—=_ — e

l BB B | B,p—d B, t\QWb

\

hix
Uhtaggedt

0
Iy

3

™

W 7

Vuw and V¢, mainly from semileptonic decays of B mesons
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Exclusive B - D™*¢v,

Flagship decay for exclusive V¢, measurements!

Reconstruct D° — K=z+ and D™ — Dz, .
Identify lepton using PID algorithms.

Suppress eTe~ — ¢g events using pp+<2.4 GeV/c and R» <0.3.

Extract signal yield with a fit to cospy .

B(B® — D"*+¢D) = (4.60 £ 0.05(star) = 0.18(sys) + 0.457,) %
Compatible with current world average!
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Examine hadronic recoil
parameter spectrum

2 _
'D*

2mpmps

2 2
mp — q

w =

Divide spectrum into 5 equal
bins of 0.1008 between w=1 and
Wmax=1 .504.

Unfold the w spectrum to 6
compare with BGL.
S
S
Partial branching fractions in =
bins of w are a key step to =
determine Vo, ;
d
Wy
<

Ll N w - w
LWL NI N B 1 L B e ¢

!.D

BO —> D*+fl/bﬂ

Belle Il preliminary  [cdt=346f" Belle Il preliminary  [rdt=34.6m"
- — ——— . d . - e . . =
'_! Bo_'D +“_Vy Esslink;lmund mm-m-’o *“ Vl‘ 3 Bxciground
€ 5000 § Data o With entries in the 1st w bin 3 owa
< 4% MCunc. =
B % unc. zm
§4ooo ' €
400
e &
3000 ]
% 300
7 MM,
2000 200
1000 100
0 0
5 5 T T T T T T
= I L 5 = I - - 3 - I % 3 I {3
g ot 1 1 1 1 S SR 25 B T S S
— 1 1 1 1 i _5 1 1 1 1
1o 11 12 13 14 15 ‘g 3 =2 -1 o0 1 2 3 4
w COSGBY

Belle Il preliminary

- B°»D"*e~ 7,

T T Tq

=== BGL: Grinstein et al. ]
= Bellell ]

Al/Aw x 104 [GeV]
[+]

[
T

w - w
LI LA LI B B e e

N
T T T

Belle Il preliminary

L B°-D" v,

=== BGL: Grinstein et al. ]
-+ Bellell ]

Phys.

1.4 15

Lett. B 771, 359 (2017)



Reconstruct D° — K~ zt.

B~ — Dofl/bﬂ

Flagship decay for exclusive V., measurements!

Identify lepton using PID algorithms.
Suppress eTe™ — gg events using pp<2.4 GeV/c and R, <0.3

Apply D* veto by combining D candidates with:
7 and exclude Am € [0.144,0.148] GeV/c2
v, 70 and exclude Am € [0.141,0.146] GeV/c?
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Inclusive B — X, e0, ./

/N

* Measurement of Vu in the lepton endpoint momentum spectrum.
* Identify one lepton in the event using PID algorithms.

Uhtaggedt
* Suppress continuum using MVA trained with event shape %

Do :
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variables.
e Subtract continuum and other BB contributions.
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See talk by William Sutcliffe

FEI reconstruction

e Exclusive reconstruction of hadronic B modes. — DO)
e Multivariate algorithm with hierarchal approach
. Btag —
«10¢  Hadronic Tag Belle Il preliminary
Lor I Correctly reconstructed [rdt=34.6fb"1] X
Il Continuum & mis-reconstructed
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5250 5.255 5.260 5.265 5.270 5.275 5.280 5.285 Exact knowledge of Btag\< \
Mpe (GeV/c?)
Tagging Algorithm Had B+/B0 SL B+/BY
. MC Tagging efficiency at
Full Reconstruction
0.28/0.18 0.67/0.63 ity!
Belle 10% purity!
FEI Belle 0.78/0.46 1.80/2.04
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Tagged Exclusive B — 7 f Uy

FEI hadronic tagging to measure B(B° — 7~ ¢v) with
Identify oppositely charged lepton, p, > 0.3and p, > 0.6 GeV/c,
and pion using PID algorithms.

Suppress continuum using FoxWolfram moment R2.
Apply Emiss>0-3 and Eresidual<1 O GCV

Pmiss = (Emissaﬁmiss) = PBsig — Py

Belle Il Preliminary [cdt=34.6fb!
Analysis performed blinded in the signal region M?, < 1 GeV2/c?.
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Tagged Exclusive B — D*+z/” Uy

Identify Bt candidate with Myc>5.27 GeV/c?

—0.15 < AE < 0.1 and FEI signal probability >0.001.
Reconstruct D? meson from oppositely charged tracks
with1.858 < Mp < 1.878 GeV/c?.

Combine DO and 7z, to form D*+ with 0.143 < AM< 0.148
GeV/c2

Identify high momentum lepton with p* > 1.0 GeV and

combine with D*+ .
Apply Enmiss>0.3 GeV and determine M?

miss
Extract signal yield using a fit to signal + background:

BB° - D™ v, = (451 £0.41,,+0.27,,,+045) %

stat —

In agreement with world average!

BB° - D tv,) = (5.05+£0.14) %
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Hadronic Mass Moments of B — X .Zv,

Moments used to determine V¢, and the mass of the b quark in HQE.

Use hadronic FEI tagging and identify one lepton with p *; > 0.8 GeV/c and
PID likelihood >0.9. D
6 signal channels B%/*, B¥#~ and two control BT£™* to estimate N;;kg

V4
Identify X, system using remaining tracks and clusters in the Y (4S) rest of
event.
Suppress continuum and require Eniss and pmiss>0.5 GeV.
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Hadronic Mass Moments of B = X £,

Determine calibration functions, in bins of pi, to correct for

. n
experimental effects on My .
401 & pre(0.8,0.9]Gev ]
& pf €(1.4,1.5]GeV e
% 391 ¢ pr€(1.9,3.01Gev e
g P
£ 3.0 | Emiss~Priss €(0.05,021Gev n *
A X € (0. 8] M2 _ MX - c(Emiss — Pmiss» Xmulhpf)
g X,calib — E X *
25 m( miss — Pmiss> multapZ)
s
\2
2.0}
15}

2.0 2.5 3.0 3.5 4.0
<My, trye > in GeV

Extract hadronic mass moments as a weighted average
using the following:

Reconstruction bias
> wi(Mx) M catib
> wi(Mx)

<M)T(L> = X Cc lib X Ctrue‘

Calibration Bias

In agreement with previous measurements!
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Future prospects

4.5 L T T { T T T T | T T T T { T ]
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D

<2 Summary

e First measurements for tagged and untagged B(B° - D¢ v,) at the Belle II experiment:

e Untagged: %’(éo — D*+fﬂf) = (4.60 = 0.05(star) £ 0.18(sys) + 0.45x,) %
o Tagged: BB’ — D™*¢D,) = (4.51 £0.41,,£0.27,,+0.45 )%

o First measurement of hadronic tagged B(B" — 7~ ¢,) = (1.58 £0.43,,, + 0.07,,) X 10~* and
evidence of non-zero Vy in the lepton momentum endpoint in B(B — X, £v) at the Belle Il experiment.

e First measurement of the hadronic moments in (B — X £v) at the Belle II experiment.

e Agreement with world average and previous experimental measurements .

More to come with increased luminosity!
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0 —> 7T+f1/f

Belle IT MC

7
tagged + current LQCD
untagged + current LQCD
61\ V& tagged + LQCD in 5 yrs

untagged + LQCD in 5 yrs
tagged + LQCD in 10 yrs
untagged + LQCD in 10 yrs

current
V7 status

RERER:

v [70]
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B to X | nu MC modeling

B

Value B

Value B°

B—D{y,
B— D*("y,

(2.3+£0.1) x 102
(5.5+0.1) x 1072

(21£0.1) x 107
(5.1+0.1) x 1072

B— Dy,
(= D*r)
B— D, (ty,
(— Dnmr)
B— Dyt y,
(= D*n)
B— D'y,
(— D)
B— Dty
(— Dm)
B— Dl
(= D*m)

(4.5+£0.3) x107°
(3.2+1.0) x 1073
(1.540.1) x 10~°
(2240.2) x 1073
(3.9+£0.8) x 1073

(4.3+£0.8) x 1073

(4.2+0.3) x107°
(2.8+0.9) x 1073
(1.4+0.1) x 1072
(2140.2) x 1072
(3.6 £0.7) x 1073

(4.0+£0.8) x 1073

B — Drtty,
B — D*rntty,
B — Dantty,
B — D*rntty,
B — Dntty,
B — D*ntty,

(1.5+£0.6) x 107>
(1.5+1.0) x 1073
(0.5+0.5) x 1073

(2.0£2.0) x 1073
(2.0£2.0) x 1073

(1.5+£0.6) x 1072
(1.5+1.0) x 1073
(0.5+0.5) x 1073
(24+1.0) x 1073
(22+22) x 1073
(22+22)x1073

B — chl/g

)
)
)
(2.6 £1.0) x 1073
)
)
)

(10.8£0.4) x 102

(10.0 £ 0.4) x 102
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Inclusive B — X ev, .,

* Measurement of Vub in the lepton endpoint momentum
spectrum.

Identify one lepton in the event using PID algorithms.

» Suppress continuum using, MVA trained with event

Uhtaggedt
/ )\ )

shape variables. / / :
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Use hybrid model weighting in MC



Tagged Exclusive B — 7z+f Uy

e Extract signal yield using a fit with two templates: signal

+background.
# /

Belle 1l Preliminary [cdt=34.6fb! ¢
;{: * _= g;illlground ng Ndata<1 + f )
~ [ 2 MC stat. unc. B( BY s ~ty) = sig +0
% 30F & Data 4XCFFEI XNBB X €
w L
Q Nata 20.79 + 5.68
2 f+o 1.058 + 0.024
~~
% CFpgr 0.8301 + 0.0286
§ Nus (37.711 + 0.602) x 10
w € (0.216 + 0.001)%

5 B(B" — = (v)|(1.58 £ 0.434a¢ £ 0.074ys) x107*
—2.5E. . . .

210 -05 00 05 1.0 15 20 25 3.0
M2. _in GeV?/c?

miss
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DO

45— 1 T T T T T T T T
p(B) ~ 0.3GeV /e T~ Belle II Projection -
7 L N (exp. + param. uncertainties)|
ete™ > qq (q€{u,d,sc}) ete” — T(48) — BB A4 N
- —=-lab™! ]
. ——5ab™ ! ]
=< 4.30 o
Global Vub fit to the full spectrum using all available 3 i ]
experimental and theoretical information: > - .
Constraints on HQE parameters such as mb and the shape = 4.2 B
functions. - ]
4.1 B

4.0
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Tagged Exclusive B” - D™ ¢y,

Examine beam background contributions to Eres, the sum
of energy deposits for all neutral clusters after Bsig+Btag

reconstruction, in the Belle II environment.

Suppress beam backgrounds using MVA trained with
cluster shower shape variables.

Belle Il [cdt=34.6fb!
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O] 2020 (preliminary) = B8 Background
n 35¢F I Continuum
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©
& 15F
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