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World record luminosity: SuperKEKB accelerator

w e"e collider with /s ~ 10.6 GeV
(T (4S) resonance)

@ Peak luminosity (June 22): 3.1 x 10**cm2s™!

(+50% vs. KEKB)
® |n part thanks to nano-beam scheme.
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World record luminosity: SuperKEKB accelerator ﬂIT

w e"e collider with /s ~ 10.6 GeV

(’T‘(4S) resonance) 1 Belle 1l Online luminosity Exp: 7-21 - All runs
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@ Peak luminosity (June 22): 3.1 x 10" cm™ s o), | = Recorded Weekly /
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® |n part thanks to nano-beam scheme. g 10 é;
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® Newest published analyses use &~ 70fb™". g ;
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The Belle Il detector

K. and muon detector (KLM):
Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF +MPPC (endcaps, inner barrel)

Y Magnet:
M”“\ 1.5 T superconducting
] I

—
Electromagnetic calorimeter (ECL): —

Csl(Tl) crystals
waveform sampling (energy, time, pulse-shape)

e/ec?c,n;& =

Trigger:
Hardware: <30 kHz
Software: <10 kHz

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors (SVD)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)
Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD))

Central drift chamber (CDC):
He(50%):C2He (50%), small cells,
fast electronics

DEPFET: depleted p-channel field-effect transistor
WLSF: wavelength-shifting fiber
MPPC: multi-pixel photon counter
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|Ven| Measurements over Time
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Experimental techniques ﬂ(IT

- 4+ .. — Karlsruhe Institute of Technology
@ ¢ ¢ collisions “clean” compared to pp.

@ Tagging: Use 2B (Biag) €9 With Full Event
Interpretation (FEI). Keck, T et al. Comput Softw Big Sci 3, 6

<100 Belle Il p

y

x104 Belle Il preliminary
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< Jof t D < + Data
3 Nps, =84907 + 734 3 N, =38545 + 1161
%) e [}
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ptag >0.5 arXiv:2008.06096

a Alternative: Untagged with potentially all events.
® Exclusive analyses can combine all non-signal
particle candidates into “inclusive tag”.
® Smaller systematic uncertainties can compete
already (see BT — K v7; PRL 127, 181802).
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https://doi.org/10.1007/s41781-019-0021-8
https://arxiv.org/pdf/2008.06096.pdf
https://doi.org/10.1103/PhysRevLett.127.181802

Tagged inclusive B — X_fv

KIT

Karlsruhe Institute of Technology

® Measurement of first six mass moments (My) of the hadronic system.

@ Background is subtracted with weight
wi(Mx)-

® To avoid unfolding, calibration between true
and reconstructed mass is needed.

® Main systematic uncertainty from calibration
factors influenced by X, composition.

® Next: |V,,| from g° moments (novel
approach!).

Momentum transfer squared: ¢° = (bg — pX)2

4.8
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<M > [(GeV/c?)?]
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https://arxiv.org/pdf/2009.04493.pdf

Untagged inclusive B — X ¢v ﬂ(IT

arXiv:2111:09405 Karlsruhe Institute of Technology

& Only signature: single (well identified) lepton.
& Use missing mass/momentum and event charge to reject events with >1 neutrino.

g _ . <100 Belle 1l [cdt=62.8fb"1 x10¢ Belle Il [cdt=62.8b1
® e e’ — qg modelled with 200F g ey p— *F B oxXow J—
[a Cl
Sepal’ate Off'resonance 1.75F [ BB background 25k [ BB background
N B Continuum (off-res.) N : B Continuum (off-res.)
sample. g 1s0f 4 Data 8., + Data
< < & r
® Signal extraction in pjg, g g .
from 0.4 GeV to 2.5 GeV. 5 =
c € 1.0f
® BF result: 2 &
0, 0.5F
(9.75 £ 0.034,; = 0.47Sys) %
® Dominant sys. uncert. from = s
e =g g .05 |
B — X /v composition. 18 0000 ! A ”}*
> 8l —oo2sf . . . I A oooftaeeaee et
& Next: |Vcb| from ¢ 0.5 1.0 5 2.0 25 o5 ) 5% S's
moments plin Gev p' in Gev
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https://arxiv.org/pdf/2111.09405.pdf

Tagged exclusive B — D*"(— D%x,)fv A“(IT

Karlsruhe Institute of Technology

Belle Il Ppreliminary f[dt =34.6fb?!

B B3-D"lv
® Little background with my=, mp, p; > 1GeV P Em Background
& 7 MC Uncertainty
and extra track cuts. < 4 Data
® Signal extraction in M. R
2 2 o
Mriss = (peﬂ.;f - pB,ag — Pp* — pé) g
%)
® BF: (4.51 & 0.414, 4 0.274, 4+ 0.45, )% g
® |n agreement with world average but not «
competitive yet. IS
® Main systematic: “slow” pion from D* and
MC modelling. = 25
g 00 }}i***i*i{ } * {{ }
E=1(8)
ol 25, . . TN T W {{ .

10 -05 00 05 1.0 15 2.0 25 3.0
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https://arxiv.org/pdf/2008.10299.pdf

Untagged exclusive B — D™*)¢v ﬂ(IT

arXiv:2008.07198 Karlsruhe Institute of Technology
® Signal extraction in Belle Il preliminary  [cat=346f fﬁlnle Il (preliminary) [cdt=62.8fb1
cos(fgy), the angle @ %0 Boop e, = a6 bmcgng | 200 BT D% = Sonal
5 ontinuum v
between D’/ system and B 2 ool 3 o ~ 175} m= Other 88
> o wewe. 1 !
meson from beam € s e st unc.
4-momentum. @ 3000 {3 12s) Data
2100
= BF (D): E
© 0. r
(2.29 4 0.0541, £ 0.0845) % & osol
i 1000 | 1 '
@ Consistent (and 0.25
competitive!) with world 0 0.00
5
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_g ) =, ri Y gis oo ++1+ A ” $oaty ot 4
lNex‘t.|\./cb|fron21part|aI ] T S T B S B SN RN |1+1'*+ IMEAL +I
BF in bins of g°. S = N T R R
cosBgy cos Ogy
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https://arxiv.org/pdf/2008.07198.pdf
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Untagged inclusive B — X, fv

arXiv:2103.02629

& Signal extraction in electron
momentum in center-of-mass
frame p*.

® Signature also only a single well
identified lepton (like
B — X v).

— go to p* endpoint
(2.1GeV to 2.8 GeV).
® B — X, ¢v observed with ~ 30.
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https://arxiv.org/pdf/2103.02629.pdf

Tagged exclusive B — X, fv, X, = {7 ", 7% p", p°} ﬂ(IT

arXiv:2111.00710 Karlsruhe Institute of Technology

® B(B — 7°v) = (8.29 £ 1.994, £ 0.464,) x 10~°

0 - -
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https://arxiv.org/pdf/2111.00710.pdf

Tagged exclusive B — X ¢v, X, = {=", 7% p", p°} ﬂ(IT

arXiv:2111.00710 Karlsruhe Institute of Technology

® B(B — 7%0v) = (8.29 £+ 1.99, £ 0.464,) x 10~°
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- 2 N
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S 20 5 20
® Next: |Vl & &
) 10 10
& Also first (stat.
limited) results 0 0
ST e B
forB = ptv. g.0| L |l.|| | He oo i +*++++++%++
gy T & oasp
-2 >—le -0.5 0.0 05 1.0 1.5 20 25 3.0- -1.0 -05 00 05 10 15 20 25 3.0
M2, [GeV2/c?] MPiss [Gev2/c?]

13 23.11.2021 Moritz Bauer: Status and prospects for |V, | and |V, | at Belle Il Institute for Experimental Particle Physics


https://arxiv.org/pdf/2111.00710.pdf

Tagged exclusive B — X, fv, X, = {n ", 7% p", p°} AT

arXiv:2111.00710 Karlsruhe Institute of Technology

® B(B — 7%0v) = (8.29 £+ 1.99, £ 0.464,) x 10~°

+,0, Belle Il Preliminar B-p*iv Belle Il Prelimina B-p°Lv
®B -7y L0 signa s ey < ooF ¥ = Signal ]
: 2 2
re-discovered S L s =
1 6] [ + Data 1 6] r + Data
Wlth > 60' = [cdt=62.811 2 + 3 +J‘£dt:62,ﬁlb"
© P £ ©
a 3(B — 7r+2fu) S S st )
in bins of q°. 2 2
5 20 5 20
® Next: |Vl & &
i 10 10f
a Also first (stat.
limited) results 0 0
forB — pluv. ¢ 2»'} T | R s
1z, P | * | | | JIER ¥ > Y + T t 1 +
® Untagged excl. i prooppror T 8 ast ]
measurement of - >—le -05 00 05 1.0 15 20 25 3.0- -10 -05 00 05 10 15 20 25 3.0
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| Vip| in progress.
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https://arxiv.org/pdf/2111.00710.pdf

Summary ﬂ(IT

Karlsruhe Institute of Technology

® Shown today: 6 analyses

® Using up to 1/4 of currently recorded dataset.
@& Untagged BF measurements already competitive thanks to new techniques.
® Tagged measurements need some more data but more competitive thanks to FEI.

® Soon, Belle Il should be able to address the tension in |V,,| and |V,,| measurements.
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Backup
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Luminosity projection
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Tagged inclusive B — X_¢v in detail

18

® Measurement of first six mass moments (My) of the hadronic system

@ Background is subtracted
with weight w;(My).

& To avoid unfolding,
calibration between true and
reconstructed mass is
needed.

& Main systematic uncertainty
from bias correction C;-

® | V| from g moments
(novel approach!) ongoing.

23.11.2021
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