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@ Peak luminosity (June 22): 3.1 x 10** cm2s™!
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World record luminosity: SuperKEKB accelerator
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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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Semileptonic decays

& Tension (= 3.30) between
a incl. (all B — X£v,) and

a
measurements of |V |/| V|-

® |V, | sensitive to charged Higgs
in 2HD models or leptoquarks.
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Semileptonic decays

o —— T " 1 " T T ]
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Experimental techniques

w ¢ e’ 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

x10* Belle Il preliminary x10* Belle Il preliminary
1.0 . —
25| mmm Correctly reconstructed Jcdt=34.6m" B Correctly reconstructed [cdt=3a6f1
EEm Continuum & mis-reconstructed W Continuum & mis-reconstructed
N ol ¥ D@ Qosl + pate
3 Ny, =84907 = 734 3 Na;, =38545 + 1161
K s
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7Jtag >0.5 arXiv:2008.06096
@ Alternative: Untagged with potentially all events.
® Exclusive analyses can combine all non-signal
events into “inclusive tag”.
® Smaller systematic uncertainties can compete
already (see BT — K'vi; arXivi2104:04754).
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https://doi.org/10.1007/s41781-019-0021-8
https://arxiv.org/pdf/2008.06096.pdf

Tagged inclusive B — X v
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® 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 X
composition.

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

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

<M > [(GeV/c?)?]
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Belle Il
BaBar (2007)
Belle (2006)
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Belle Il (preliminary)
| JLdt = 3467} ¢
0.8 1.0 1.2 1.4 1.6 1.8 2.0

p,* Cut [GeV/c]

Institute for Experimental Particle Physics


https://arxiv.org/pdf/2009.04493.pdf
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Untagged inclusive B — X .fv

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

= Signal extraction in <100 Belle 1l [cdt=62.8fb"1 L Belle Il [cdt=62.8fb1
s 200F gy o) [ “F BoX.uv - boc
plep: from 04 GeV 175 ¢ [ BB background 25 M [ BB background
< EEE Continuum (off-res.) < 7F mm Conti (off-res.)
to 2.5GeV. E 150k ' Data‘ uu " E " Dz:alnuum off-res
® BF result: (9.75 £+ 3 3
N o
0 S >
00341z £ 0.47,5)% < s
® Dominant sys. 8 S
@ @
uncert. from
B — X v
it 9] 0.025F
composition. i e vol et ot 2|, o0 H
slé .o Tes? =|8
® Next: |V, from q 8 —ooosf , o , & oooftan o eare Lo th
05 10 15 20 25 05 1.0 s 2.0 25
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9 15.9.2021 Moritz Bauer: Belle Il status and prospects for semileptonic decay Institute for Experimental Particle Physics



Tagged exclusive B — D*t(— D°x,)ov Q(IT
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Belle Il Ppreliminary f[dt =34.6fb?!

B B3-D"lv
® Little background with my=, mp, p; > 1GeV sor Em Background

722 MC Uncertainty
and extra track cuts. ¢ Data

® Signal extraction in M.
2 2
Mpiss = (peJre* - pB,ag — Pp* — Pe)

® BF: (4.51 £ 0.41gy + 0.27, £ 0.45, )%

® |n agreement with world average but not
competitive yet.

Events / (0.2 GeVZ/c?)

® Main systematic: “slow” pion from D™ and
MC modelling.

25F

:\_E 0.0 Ill||+| l
L1 T '
a —2.5-.++. .t*.n bl {{ .

10 -05 00 05 1.0 15 2.0 25 3.0
m2ss [GeV?/c?]
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https://arxiv.org/pdf/2008.10299.pdf

Untagged exclusive B — D™ev ﬂ(IT

arXiv:2008.07198 Karlsruhe Institute of Technology
® Signal extraction in Belle Il preliminary  [cat=346f fﬁlnle Il (preliminary) [cdt=62.8fb1
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5 ontinuum v
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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, lv, X, = {7r+,71'°, pt, p°}

® B(B — 7%lv) = (8.29 £ 1.9, £ 0.46,,,) x 10~°

waB a0
re-discovered
with > 60.

® B(B — " lv)
in bins of q2.

® Next: |V

& Also first (stat.
limited) results
forB — plv.
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[ moon
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2 214
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B — 74w in first ¢° bin
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Events / (0.29 GeV?/c?)
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Belle Il Preliminary [cdt=62.8fb!

- Bontty
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#771 C stat. unc.
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Tagged exclusive B — X v, X, = {1, 7% pT, p°}

® B(B — 7%lv) = (8.29 £ 1.9, £ 0.46,,,) x 10~°

aB_— 7% Belle Il Preliminary B-p* v Belle Il Preliminary B-p°tv
. < S0 Signat ] < SoF = Signal ]
re-discovered < | = sackgrouna < = Background
. () 7 MC stat. unc. () % MC stat. unc.
with > 60. O 40F 4 Data 1 O 40r + Data
[ [edt=62.8f0"1 - ? > -[cdt=62.8fb
a B(B —)’/TJrﬁl/) §30 f 530-
. . 2 S S ,
in bins of g°. > >
*5 20 ‘g:‘) 20
@ Next: |V 2 2
. 10 10+
® Also first (stat.
limited) results 0 0
E T ] 25FT
forB — plv. g [ { ¢ LT VT
5 o : : —— s 4 Tt
g * T T + + ii i T i T &l -2st t
b ]
-1.0 -0.5 0.0 0.5 1.0 15 2.0 25 3.0 -1.0 -05 00 05 10 15 20 25 3.0
Mss [GeV?/c] M2, [Gev2/ct]
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Tagged exclusive B — X v, X, = {1, 7% pT, p°}

® B(B — 7%lv) = (8.29 £ 1.9, £ 0.46,,,) x 10~°

aB_— 7% Belle Il Preliminary B-p* v Belle Il Preliminary B->p%Lv
. :'J 50F signal ] {; 50F = Signal ]
re-discovered < | = sackgrouna ~ mm Background
. > i MC stat. unc. 3 " MCstat. unc.
with > 60. © 40F 4 Data 1 O 40r + Data
[ Jedt=62.8fb"1 - 2 > [cdt=62.8fb""
a B(B —)’/TJrﬁl/) §30 f 530-
in bins of g°. = =
*5 20 ‘g:‘) 20
@ Next: |V 2 2
. 10 [
® Also first (stat. 1
limited) results 0 0
forB — plv. £ T B 2.5F
° ! %: ’ + { | | %5 0.0 b4 — + T
® Untagged excl. A TR L L B O S T A £ oasp T tT UL
measurement of B R X K R TR Y R TR YR LR YR -10 -05 0.0 05 1.0 15 20 25 30
M2, [GeV2/c*] M2, [GeV?/ct]

|Vip| in progress.
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Prospects for R(D) and R(D") A“(IT

Karlsruhe Institute of Technology

From Belle Il physics book:

B B D(*) % 0-57' LI LA L L L L UL IR
a - ]
R(D(*)) = ( — TVT) E:’ r Belle Il Projection n
B(B — D(*)éyé) 045? :S:!:rcombmatlon -
C LHCb -
C —— World Combination 7
o Theory-wise interesting because |V b‘ 04— - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) —
c C ]
& FFs partially cancel here but 7’s 0 35: ]
experimentally challenging. ~F B
= Belle Il can conduct multiple indep. 03b =
(un-)tagged measurements here. B ]
® Hadronic/SL tagged, untagged 0.25 -+ —
® Hadronic and leptonic 7 decay [ 1o contours ]

= Complementary to LHCb in many 02°525 03 035 04 045 05 055 06
channels. RD)

Projection without 2019 Belle
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Prospects for R(D) and R(D")

(*)
R(D(*)) _ B(B — D TI/T)
B(B — DMew,)

® Theory-wise interesting because | V|
& FFs partially cancel here but 7’s
experimentally challenging.
a Belle Il can conduct multiple indep.
(un-)tagged measurements here.
® Hadronic/SL tagged, untagged
® Hadronic and leptonic 7 decay
® Complementary to LHCb in many
channels.
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Total uncertainty [%]
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Not Belle Il official! Adapted from

R(D*) (had FEL lep 7)
R(D) (had FEI, lep 7)
R(D*) (SL FEI, lep 7)

- R(D) (SL FEL lep 7)
R(D*) (had FEI, had 7)
R(X) (had FEI, lep 7)
R(m) (had FEI)

Optimistic — B~ .
Belle II unofficial — ——————-"==3
N S
FIFFIFFIFeLsese
L A A A A N A Y

Data sample up to year
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https://arxiv.org/pdf/2101.08326.pdf
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Summary

® Shown today: 6 measurements

® 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.

 /

@ Results for R(D(*)) are approaching and Belle Il is aiming for wide coverage.

&
® 1
LL TRy

e,
L] Yy oae,
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Backup
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Luminosity projection
10 70
—Lpeak Before IR upgrade | | ——Int. Luminosity
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® Measurement of first six mass moments (My) of the hadronic system
> wi(Mx)MQ,calibi

@ 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.

15.9.2021

(My) =

<M > [(GeV/c?)?]

w
n

Tagged inclusive B — X_.fv in detail
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3.0

22 wi(My)

X Ccalib X Ctrue
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[ Belle Il (simulation)

p;* Cut [GeV/c]

My calibration
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@ BaBar (2007)
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[ [Ldt = 346! Y
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https://arxiv.org/pdf/2009.04493.pdf
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