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Belle Il @ SuperKEKB

Asymmetric e+-e- collider (vVs = 10.58 GeV)
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https://www.belle2.org/research/luminosity/
https://www.belle2.org/project/super_kekb_and_belle_ii

Determination of CKM parameters at Belle Il
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Precise test of SM over constraint the unitarity triangle (UT). Today’s contents
- Loop amplitudes provide sensitive probe to new physics (NP). Decay mode Target

e.g.) B0-BO mixing < Time-dependent CP asymmetry measurement B — J/ym® (b — ced) o
- goal: accurate measurement of all UT angles and sides BY wn'Kg  (b— s3s) | ¢, NP
Belle Il at e+-e- collider: BY = Ksm'y  (b—>sy) | NP
- clean environment, quantum entangled BB pairs, B — % (b uud) | 2

high tagging efficiency, neutral particles in the final states ¢ 3: Talk by VISMAYA V S
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https://pdg.lbl.gov/
http://ckmfitter.in2p3.fr/www/results/plots_summer23/ckm_res_summer23.html
https://indico.cern.ch/event/1291157/contributions/5878359/
https://pdglive.lbl.gov/Viewer.action

Time-Dependent CPV analysis o001 980

['(B(Ar) — f) —T(B (A1) - f)
['(BO(A?) = f) + T'(BY(Af) = f)

=S - sin(Am Ar) — € - cos(Am At)
mixing-induced CPV  Direct CPV

AZT(AD) =

Scp = | sinepM) | Acp=— Cep
- Signal extraction using beam-constraint variables, and — Az Iy
BDT to discriminate gg backgrounds AE = E - \/5/2 e Simmation~1 30 um at Belle |
9000
- Excellent vertex resolution: 3 — B, GFlaT §
. oy e T
o: ~26/50 um (CP/tag side) B S 7000 | o oo e
o : , Category-base
- Graph-neural-network flavor tagging (GFlaT) 22222 B°, category-based
-+ Updated from a category-based algorithm = 4000 |
- Looks at additional correlations of particles information S 30
(charge of lepton/hadron, high-p tracks) O jzzz JJI
- Perfomance: E%Cfg (CB) =(@31.7x0.5+0.4)% N S e B e =
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
8tag (GFlaT) =(37.4 £ 0.4 £ 0.3)% qr
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012001
https://arxiv.org/abs/2402.17260

New for ICHEP2024
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Asymmetry

* First 50 observation of mixing-induced CP in this mode
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112008

0 / q ., arXiv:2402.03713
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. . . — _ b Y% .
¢ Gluonic penguin with b—sqq BO ) W 3 K
¢ Sensitive to the new physics in the decay Belle Il Preliminary __[cdt=362o-! Belle 11 Preliminary _fcdt=362 -
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https://arxiv.org/abs/2402.03713
https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/#qqs

Xiv:2407.09139
B® — Km0y o

¢ Search for interference with b—s rr transition, expected to be small/none in SM
because it requires a right-handed interaction.

- b—s rris helicity suppressed (ms/mp) w.r.t. b—>syr
" Y SHPP (Ms/Mb) ) non-resonant

¢ Vertex from Ks—m m and IP constraint 80 ——— 80 ———
. , . s | [JLdt=362 fb2 - [Ldt=362 fb1
¢ Fit to Mbc and AE for signal extraction 3 60 f 60 |
¢ Measured separately for 10|
f non-resonant, Ksm 0y A _ 20 |
e (0.6, 0.8) U (1.0, 1.8) GeV/c? 4 |
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S =0.00"22% 4 0.03 S =0.0479% +0.10 z n + 0 0
C=0.104+0.13+0.04 C=-0.06+0.25+0.00 E of | o+, F
. JELLWTETTR L Ty
- Agreement with the world average and SM < b e T
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- Most precise measurement with better Ks ID At [ps] At [ps]
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https://arxiv.org/abs/2407.09139

Paper In preparation

TOwardS ¢2/a BO — T‘-O V Prev. PRD.107.112009 (2023)

* Tree-level b—utd processes allow extraction of ¢2 . . ]26+20 events
- Interference with penguin amplitudes % | Jre %’ zz Jraze
- Statistical limitation due to color suppression in tree diagram % ;% zz
+ Experimentally challenging: 4 photons with no tracks ° 57
+ Update on BF and Acp using full Run-1 statistics with |
- new GNN-based flavor tagger pO v ol
- BDT dedicated for photon selection and qqg suppression f:l af i é; " f+ |
- reduction of systematic uncertainties % : % 40 ‘
g | 8 wf o
+ Signal extraction by simultaneous fit "
AE, Mo, BDqu output (C), transformed wrong tag probability 3. j_
+ Results: | BF = (1.26 £ 0.20 + 0.11) x 106 Zii;?&éﬁte—d adsuppresson & T T+

classifier (BDTqq) output

= + 0. + .
\ACP 0.06 £0.30 = 0.06 J World average: BF = (1.59 = 0.26) x 10-6
- BF: world best, Acp: comparable with the world average Ace = 0.30 + 0.20
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112009

Summary

o Belle Il is now providing new and updated results on time-dependent CP

violation in B decays.

o Thanks to the GNN-based classifier, the flavor-tagging efficiency is

improved by 18%. (BY — J/yn" , BY — 7970)

o Four recent results, with one newly presented at ICHEP.

B—J/Y w0 BF =(2.00+0.12 +0.10) x 10-5 Today’s contents
Scp = -0.88 + 0.17 + 0.03 Decay mode Target

Ccr= 0.13£0.12 £ 0.03 new B°— J/yr® (b—ced) |
BY - ' Kg (b — s3s) | ¢S, NP

BY - Kgr%y (b — s7) NP

updated B°—='7°  (b—uud)| ¢
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Backup
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Time-Dependent CPV analysis at Belle I

AB>I(Ar) = [(BY(A1) — f) = T(B"(A?) - f) 5 €
['(BO(Ar) — f) + T'(BY(Ar) — I -
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mixing-induced CPV  Direct CPV o - Bep \%
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- Bep: fully reconstructed CP eigenstate '

~130 um at Belle |l
Btag: vertex and flavor information -

: . AE = E¥ —\/s/2 M =\//4_
- Signal extraction B Vs g be T V7 |
- Two variables using the collision energy B B | i

. BB background
- Multivariate (BDT) classifier to discriminate : g

continuum (qQg) backgrounds using event-shape variables - _

‘ exce“ent vertex resolut|0n Oz ~ 26/50 Hm (CP/tag Slde) 03 -02 -0.1 0 01 02 03 52 522 524 526 5.28 5.3
AFE (GeV) M, . (GeV/c?)

ICHEP 2024 (July 20th, 2024) 11 Yu Nakazawa


https://indico.desy.de/event/28202/contributions/102726/

sin(2@1/B) from B->J/¥Ks (b—ccdis o oon
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¢ Staging approach
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- Fit AE distribution to subtract background

-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25

AE [GeV]
- Fit background-subtracted At distribution to extract s pete I (Preliminary) 4 go (g 11)
Q ool JLdt=362fb" 20 (o 1
CPV parameters. o e PR
World average g
¢ RGSU'tSZ S - 0.724 i 0.035 i 0.0.I 4 (KS mode On|y) 5200
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+ Statistical uncertainties 8% smaller compared to TIE o , ;
: glg | ;
the category-based flavor tagging. I T
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012001
https://arxiv.org/abs/2402.17260

Systematics: J/Y O

Table 1I. Relative systematic uncertainties on the branching

fraction. Table III. Systematic uncertainties on the C'P asymmetries.
Source Relative uncertainty on BF[%] Source Cop —nsScp
m efficiency 3.7 Calibration with B — D* 7" 0.017 0.023
Lepton ID 0.4 Signal extraction fit 0.003 0.017
BD'T 0.3 Background composition 0.005 0.009
Tracking Efficiencies 0.5  Backgrounds At shapes < 0.001 0.001
PDG inputs 0.4 Fit bias 0.010 0.010
N(BB) 1.4 Multiple candidates < 0.001 0.002
fr=/f% 2.5 Detector mis-alignment 0.002 0.002
Fixed parameters 0.7 Tag-side interference 0.027 0.001
Backgrounds composition 0.4 Tro and Amy < 0.001 < 0.001
Multiple candidates 0.5 Total systematic uncertainty 0.034 0.032
Total systematic uncertainty 4.9 Statistical uncertainty 0.124 0.171
Statistical uncertainty 6.1
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Systematics: mOorO

Source B Acp
m efficiency 8.6 7 n/a
7' (4S) branching fractions (1 + 7~ /f°) 2.5% n/a
Continuum-suppression efficiency 1.9 % n/a
B B-background model 1.7 % 0.034
Sample size Ngp 1.5 % n/a
Signal model 1.2 % 0.021
Continuum-background model 0.9 % 0.025
Wrong-tag probability calibration n/a 0.008
Total systematic uncertainty 9.6 % 0.048

Statistical uncertainty 15.9 % 0.303
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