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Introduction

Precision measurement of Cabbibo-Kobayashi-
Maskawa (CKM) matrix elements is at the core of
the Belle Il physics program.

Semileptonic decays of B mesons play a critical
role in the determination of the CKM quark- cd Vb
mixing matrix elements |V, | and |V ] B Do T B, K,
B*— D°,, K* b — clv B — @K

b — u £v measurements important for measuring
CKM matrix element I/,

|Vup| Measurements over Time

Previous results show tension T g vy e b 002 0015 0o
between inclusive and exclusive 19 Dol GMneview Y PryerevD 101202003, 032007 W Notore Phys. 11 (2015) 743-747
measurement of V,,;,, matrix element
Challenging measurements : + R |
because of the missing neutrinoand “.J s | 1 | 1 ff | ?
dominant b — c£v background S S Sy S T
2 T T
N S A A o
% % % % %o % e e % Y 0
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Overview

* Belle Il experiment

* Tagged vs untagged analysis

* Untagged inclusive B — X, ev,

* Tagged exclusive B — mfv,

* Prospects for b - u measurements at Belle I
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Belle Il experiment and SuperKEKB

« Belle Il'is a B meson factory (~1.1 - 10° BB pairs per ab™?)
+ SuperKEKB is an electron - positron collider KL and muon detector:
. Resistive Plate Counter (barrel outer layers)
Iocateﬁ_a:\ IEEK Labolratory m_Tsuk;bGa, J\e;pan _iir?ﬂﬂlatorflw?;; MPPC (end-caps + 2
. - X M‘ ¢
Ish Energy € ef:tron r:mg e EM Calorimeter: T
« Low Energy positron ring - 4 GeV | csi(m), waveform samp
> Y(4-S) resonance Pure Csl — possible upgra

rti :Ie Identification
= pf-Propa'gation counter (barrel)
electron (7GeV) '

Beryllium beam pipe
2cm diameter

Updated plan for SuperKEKB and Belle Il Vertex Detector
10 70 | 2 layers DEPFET + ~
—L__, Before IR upgrade | —Int. Luminosity positron (4GeV)
- 8 —L_ After IR upgrade 60 Central Drift Cha
p:'z” 50 Small cells, long lever arm, fz
§ - electronics Updated DAQ and
~"’é 6 RE 40 g trigger system
X, [partial) =
Z IR (QCS*) 30 2
g 4 o Z
s -
£ 20 =
S =
o 10
3
a
0 (Tuning) 0

2019/1  2021/1  2023/1 2025/1 2027/1 2029/1 2031/1

Four steps: Intermediate luminosity (1-2 x 10% /cm?/sec, 5ab™!);
High Luminosity (6.5 x 10**/cm?/sec, 50 ab™!) with a detector upgrade
Polarization Upgrade, Advanced R&D
Ultra high luminosity (4 x 103¢/cm?/sec, 250 ab™!), R&D Project
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Belle Il Luminosity S

Belle Il Online luminosity Exp: 7-8-10-12 - All runs
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*  World record luminosity (June 2020) = 2.4 x 1034 cm=2s71

Results presented here use 34.6 fb! of reprocessed data
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Tagged vs untagged anaIyS|s

B mesons produced almost at
rest in the CoM frame
Several approaches in the
analysis depending on the
treatment of the companion
B meson, By,

Inclusive Tag
e = O(100)% 46%
Consistency of By,,

Semileptonic Tag /]E

=0(1)% —B\ )
Knowledge of B

UOI)RULIOJU]
[ ]

tag v

Hadronic Tag b4
e=00.1)% —a<<<
Exact knowledge of B \

tag

Belle IT

Untagged reconstruction — signal reconstruction
without full B, reconstruction
Tagged approach — reconstruction of the By, first using
semileptonic or hadronic decay modes and attributing
the remaining detected depositions to the B
Full Event Interpretation
- implemented by Belle
- uses Machine Learning and reconstructs By, from
more than 200 different decay modes, improving
the By, reconstruction efficiency;
- enables precise determination of the energy
carried by undetected neutrinos



Untagged inclusive B — X, ev,

/& ’/[
b c,u
q q
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Untagged inclusive B — X, eV, iz

* The aimis to ‘rediscover’ B —» X,,fv (v )
decays via an inclusive analysis approach:
only the outgoing lepton is selected Uhtagged
1D,
| Vi
* Using the untagged analysis approach, the \ )

companion B meson is not reconstructed ARARAS AREAE RN
1.0
* Looking in the endpoint region of the
lepton momentum in the CM frameto s
avoid the dominant background from the
decay B — X fv 06 - |

0.4} .

0.2

0.0t R | R——— [ —— L |
' 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00

p' [GeV]
B - X,fvand B - X.fv electron momentum
endpoints, truth MC 8



Inclusive B — X, ev,

e Analysis approach: - )
* One electron is identified using PID algorithms 5
e Continuum backgrounds are suppressed using | untagges
MVA trained with event shape variables Ly / i
Belle Il [cdt=34.6fb"" =/ e~
FFFFF Preliminary e bou
b-c
40000 - -y
= B secondaries
N B fake
O 30000 | B other
0 I off-res
e ¢ Data
E I 777 MC uncertainty
% 20000
o I
2
S _
10000
S . o.(1);
g 0.0F—+—+—+
%Q —0.1F ' + + ! ! + + + ' BB events are more spherical,
= 21 22 23 24 25 26 27 28 qq events are more jet-like
p" [GeV/c]



Inclusive B — X, ev,

* Analysis approach: &

* One electron is identified using PID algorithms T

e Continuum backgrounds are suppressed using

. . . Unt o
MVA trained with event shape variables "/?gge
* Fit was performed on off-resonance data to T Vid
estimate continuum contributions I e
* Backgrounds from BB decays are estimated
. ) Belle I [cdt=34.6tb7!
using a MC template fit Preliminary N
1
r « off-resonance data
. 80000 on-resonance data
L R pull, on-resonance data
% pull, off-resonance data
O 60000
N
o
S
§ 40000
©
S
©
C
8 20000
0_l_ | | | |
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52_21—....|....|.‘..|,...|U.
1.0 1.5 2.0 2.5 3.0

p* [GeV/c] 10



Inclusive B — X, ev,

Continuum and other BB contributions are subtracted
in the endpoint region of the electron momentum [2.1,
2.8] GeV

Observed B — X, eV, excess in data (> 30)
Systematics from electron PID, fitting, B — X_.ev, BF

Belle II [cdt=3458fb1
— T T T T T
5000__ + Preliminary B-X,ev. MC ]
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v/, B-Xyeve MC uncertainty |
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arXiv:2008.06096

Candidates / (0.05 )

(Data-MC)/MC

Full Event Interpretation (FEI)

Keck, T. et al. Comput Softw Big Sci (2019) 3

Exclusive reconstruction of B meson in hadronic and semileptonic decay modes
Multivariate algorithm with a hierarchical approach
Classifier value, P44 , discriminates correctly reconstructed tag-sides from background
H . H H R ( Displaced Neutral
Infer momentum and direction of signal B candidate: e ) (T oo~ ] ( b J
_ R m(Y(4S)) 5 N m—
Ideal for decays with neutrinos, missing energy signatures
x10% Belle Il preliminary
175 | - Correctly reconstructed fL'dt=34.6fb"
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%105 Belle Il preliminary E Las Ngg, =65855 + 590
= Y(45) BB S Prag> 0.1
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https://link.springer.com/article/10.1007/s41781-019-0021-8
https://arxiv.org/abs/2008.06096

arXiv:2008.08819 D
- 0 — p+ >
agged exclusive B¥ » m V, hem
/1 e+/
* FEI hadronic tagging used to identify By, D %f lw )
* Oppositely charged muon or electron candidate, and a pion B’ Bg, yal
. . . . . /1 < *—4—>
candidate are identified using PID algorithms /
. . . Vy
* Fox-Wolfram R2 moment is used for continuum suppression L * y
/-
* Yield is extracted using the distribution of the square of the missing mass:
2 — .2
Mmiss = Pmiss
.= (E... > ) — —
Pmiss = ( miss» Pmiss) = pBSig Py
* Analysis was performed blinded in the signal region M>,;.. < 1 GeV2/c?
* Result in agreement with world average; observed signal significance 5. 69¢
Belle Il Preliminary [rdt=34.6fb" w0 Belle Il Preliminary [cdt=34.6fb"
40F - — -—- n v 0
e :- ntv B_?,- < [ == Backgroun Bsi
N& i : pt':v X1 I (\J& :’//// 5IC 's(tgat. u:c. ?
P g 30[ ¢ o
O - - g O I
o [ 7 MC stat. unc. Q ol
g 20:_ $ Data 3 :
o | 8 0k
e 101 & |
[ >
o | oo
o O  2.5F
O 25F s
T ool b 4 oo — e Ll 0.0 I JSNIM e e S
o|= 0.0: T v [ ] v LJ L -lg E
8 —2skl ST 00 05 T 13 20 25 30
-1.0 =-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 ' ' ' Mé in.GeV2/IC4 ' ' '
M2 ... in GeV?/c? miss

B(B® » n~¢*v, = (1.58 £ 043544 + 0.075y5)x107* 14
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Prospects for b — u
measurements at Belle |l
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Significant improvement is expected with higher luminosities and better understanding of the
detector’s performance.

Belle Il MC13 Belle Il MC13

x10% B - ey %10-5 BY - n*e¥v
* B — mfvuntagged measurement oo un O —
2 2 ; MC B Comb. signal  mmm Othelr BB i MC
* BF o |Vyl” f(q7) = memm o
* Extract ABF in five g bins “ —‘—
4 0.6 F
e Extract |Vub| from a
form factor fit to the partial o4 -
branching fraction spectrum 2f 02| ‘ -
1} p
_ 00 5 10 15 20 25
0 0 5 10 15 20 25 2 -_ —_ 2 qZ[GeV]
e V., precision to be improved to 3% with a* in Gev? 9" = (s~ Pr)
-1
the fU” 50 ab dataset Statistical Systematic Total Exp  Theory Total
4.5 T T T o] (reducible, irreducible)
LT TS Belle 11 Pro-]eCt'lo.n i |Vup| exclusive (had. tagged)
- S\ (P + param. uncertainties)] 711 fb~! 3.0 (2.3, 1.0) 3.8 7.0 8.0
5ab! 1.1 (0.9, 1.0) 1.8 1.7 3.2
50 ab~! 0.4 (0.3, 1.0) 1.2 0.9 1.7
] |Vup| exclusive (untagged)
605 fb~! 1.4 (2.1, 0.8) 2.7 7.0 7.5
. 5ab~1 1.0 (0.8, 0.8) 1.2 1.7 2.1
. 50 ab~! 0.3 (0.3, 0.8) 0.9 0.9 1.3
] |Vup| inclusive
1 605 b1 (old B tag) 4.5 (3.7, 1.6) 6.0 2.5-45 6.5-7.5
5 5ab! 1.1 (1.3, 1.6) 2.3 2.5-4.5 3.4-5.1
. 50 ab~! 0.4 (0.4, 1.6) 1.7 2.5-4.5 3.0—4.8

PTEP 2019 (2019) no. 12, 123C01. 16
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Summary

* Belle Il has an ideal environment for semileptonic B
meson decays

* B —» X, e v, mode was rediscovered, showing
evidence of non-zero V,,;, in the electron
momentum endpoint; muon mode under study

e B® > 77 v mode was rediscovered with measured
B = (1.58 £ 0.434; £ 0.07,5)x107%, in
agreement with previous measurements

 More b = u measurements to come with increased
luminosity
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