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SuperKEKB and Belle Il

A Achieved peak luminosity: 4071034 cnr2s 1
A Integrated luminosity: 427/fb [arXiv:2407.0096

A multipurpose HEP
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The Belle Il Detector
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International Belle |l collaboration
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Belle Il now has grown to ~1100 researchers
(~600 authors) from 28 countries/regions

CHINA

Beihang: Beihang Univ.(BUAA)

Fudan: Fudan Univ.

HNU: Henan Normal University

HUNNU: Hunan Normal University

IHEP-China: Institute of High Energy Physics(IHEP)
JLU: Jilin University

LNNU: LiaoNing Normal University(LNNU)

NNU: Nanjing Normal University

Nankai: Nankai University

SEU: Southeast University

Shandong: Shandong University

Soochow: Soochow University

USTC: Univ. of Science and Technology of China(USTC)
XJTU: Xi'an Jiaotong University

ZZU: Zhengzhou University
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Productions in Belle Il

Physics process
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B-factory: 10° pairs/ab™'; 00
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Expected Belle II data sample: I
50 — 70 ab™ . I
Meanwhile, Belle II is considering the I
upgrade: £ x 5 |

[

Belle Il Data

Wealth of new physics possibilities in different domai
of HEP (weak, strong, electroweak interactions). Mar
opportunities fornitiativesby young scientists
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Keywords

(Partial) definition: an e*eb B factory operatesat the intensity frontier to collectsamples
of B mesonsfor precision measurementsand searchesfor rare/forbidden decays I.e.,
Indirect searchedor beyondthe-standardmodel (BSM)physicawith high luminosity

An important note: programis mostly complementaryto that of LHChand other hadron
experiments



B Flavor tagging at Belle |l

Belle Il simulation
’ —— BY, GFlaT .
—— BY, GFlaT

BY, category-based

» B flavor tagging: Identify the flavor of the other B 9000

“ag’ B " //v soooE—'

B > 7000

6000 |

BY, category-based

5000 ;

4000 F

3000 |
» Belle Il initial B tagging algorithm: :
v Category-based (CB): physics object as
Boosted decision tree (BDT) input [Eur. Phys. J 82, 283 (2022
v Similar to Belle & BaBar experiments

» Newly developed B tagging algorithm: GFlaT
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v Graph neural network (GNN) 4t
v 25 variables for each track as GNN input arXiv:2402.17260
v 18% improvement in performance Accebted By PRD
€tag(CB) = (31.7+054+04)%
€tag(GFlaT) = (37.4+04+0.3)%
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CKM matrix: V| & |Vl
e Important to constrain CKM unitarity triangle & test SM

|Vud| |Vus| |Vub|
|Vcd| |Vcs| |Vcb|
[ Val Vil Vgl

e Determinations via or exclusive semileptonic
B decays

* Long-standing “Vxb-puzzle”: discrepancy btw.
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inclusive and exclusive determinations
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New exclusive measurements from Babar
with . Thp &n@ Belle with S Fubing
full differential information for the first
time
Acy-=411 12 10 °
[BabararXiv:2311.1507]1
Acy;=41.0 0.7 10 °
[BellearXiv:2310.2028a0 appear in PRL

Compatible with inclusive perhaps we
are on the right path to resolve these
tensions?




» Novel method to simultaneously extract signals in 2D grid of beam-constrained mass M,,. and energy
difference AE for each bin of q2 : 13 bins for £ mode, 10 bins for p mode

103 Events / Bin

Simultaneous measurements 8¥B ' a'3
* Full Run1 data of 364 fb-1 with untagged analysis strategy

Preliminary
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NEW!!

arXiv:2407.17403

Cross-feed signals are linked in
two modes

Dominant backgrounds are from
B — X ¢v decays and
continuum (ete™ — ¢g)



http://arxiv.org/abs/2407.17403

Simultaneous measurements 8¥B a3  a hYd) %a'3

e Partial branching factions in each g2 bin obtained with fitted yields and efficiency corrections
e Total BR is a sum of partial bins

B(B? — n=£*vp) = (1.516 & 0.042 £+ 0.059) X 10™*  Consistent with world averages
B(Bt — pof"'l/g) = (1.625 £ 0.079 £ 0.180) X 104 Compatible precision as Belle/BaBar

stat syst arXiv:2407.17403

Preliminary EEEES

NEW!!

» Extracted |Vub| with lattice QCD and/or light-cone sum rules (LCSR) constraints of form factors
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Simultaneous measurements 8¥B ' a'3

e Further split into ¢ and ¢ modes to provide cross check
e Additional stability tests done by removing higher/lower g2 bins

Preliminary

a hYd) %a's
Preliminary

NEW!!
arXiv:2407.17403

pilnu HFLAV
inclusive HFLAV
rholnu [2104.05739v2]

total LQCD

total LQCD + LCSR
electron LQCD
electron LQCD + LCSR
muon LQCD

muon LQCD + LCSR
total LCSR

electron LCSR

muon LCSR

1 L L 1 1 1

o Bosnity

@ Bt- p%*ty

Vs B—smew, = (3.934£0.09 £0.13 £0.19) x 1073
LQCD

| . Vb Bosmtw, = (3.73 £ 0.07 £ 0.07 + 0.16) x 103
LQCD+LCSR

| Vib|Boptre = (3.19£0.12 £ 0.17 £ 0.26) x 103
LCSR

* Leading systematic unc. are the modelling of
continuum and non-resonant B — X v decays

* Overall theoretical uncertainty dominating

2.0 2.5
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LeptonFlavor universality
e In SM, the W boson couples equally to 7, 4, e => Lepton-Flavor Universality (LFU)

* Semileptonic B decays are sensitive to new physics beyond SM

* Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc.
e Normalization (|Vxb|) cancels

® Par't Of theoretical’ experimeﬂtal ‘)? 0.4 _l rrfrrrrrrrrrrrr|rrrr[1rrrr[rrrr[ 1 |_
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R(D*) using hadronic B tagging at Belle Il
arXiv:2401.02840 Belle I

e Use 189 fb-1 dataset with hadronic tagging strategy
e Signal decays: B — D*(z,£)v, D" — D%, Dz~ and D™ — D%z, and leptonic 7 decays Preliminary
¢ Data-driven validation of modelling in sideband regions

e Extract R(D*) using 2D fit on Miiss and residual energy in the calorimeter Epp

Dt - DOt

Reconstruct Biag £(eor ) 30 F Belle Il Preliminary D*—D’x* —e— Data
- < - -1 D¥*t
Full Event Interpretation 5 /‘ [..vv > F JLat=189310 - E Dot
Comput.Softw.Big Sci. 3 (2019) 1, 6 orz(e,u) Ty, , S 25 - (2 MmO 0iGete D*H(z)y
i 0.35 % (BY) ~ 0.27 % o :_ -HadronjfB
eBY)~035% eBY~027% T \ >4 = 20 B Fake D
/ 8 15k [[] Other BG
i \ \ D* — Tslow _8 Fit uncertainty
/ \ -8 "
Hadronic Tag Signal Side D K &
In the rest of event 60104 g ha 5
(ROE), require no (10%) decay chains T ol
T 0 + = n
remaining tracks/r". e . e _of . B
03. O o o i s ) .. * '””. . e
M2 — E* E *—E = = — * _’*2 _2"_...|...|...|...|...|...|...|..,|..T|...
miss = (Bbeam D £ ) (=p Btag Pp~ = Py’) 0 02 04 06 08 1 12 14 16 1.8 2
Ecq [GeV]



Geieh 11 9 & &

FUDAN UNIVERSITY

R(D*) using hadronic B tagging at Belle || aXiv:2401.02840

Preliminary
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® Previous version presented in Lepton Photon 2023 = =
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A rediction =u. L e ] =
¢ Minor updates applied B LAV SN Predict RDY) <0284 20015~ ]
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Update to full Run1 dataset 0.2 0.25 0.3 0.35 0.4 0.45 0.5 O'%S(D)

and include R(D) is ongoing
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PhysRevlett.132.211804

Measurement of R(X) Editors’ suggestion
Ulnclusive ratio R(X "o = e e e
. ,r . ‘ 03. ""Y(4S)'“ & Bo - miss cwd Y iss s &0 | Mpies ©\&.J, miss “ B Xev
with Uleptonic decays v @& \ X ol — i ey
. . . \D° At e i MC tot. unc.
U Hadronictagging method with 189 fi — - 12} i_ban

Hadronic tag pioneered lBaBar[PRL 92, 071802]MVA version

at Belle Il [Comput Softw. Big Sci. 3 (2019) 1, 6]
U Use missingmass squared and B candidate momentum to extr
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Residuals 10? events per bin
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signal S TEIT R ETEES
an - . . ppli [GeV/(‘|
U Result agrees with SM predictiodR(X3v= 0.223 0.005 Belle I Preliminary Jedi=1891"!
1 1 ; - : . ; L ML <1 g MO € (L23)L MG €(23,4]] M7, €(4.6] E i{lr—'ﬂwlu
- 2D binned maximum likelihood fit to extract the signal and . apk . — e
. . . Q 3 [t B .: Continuum
normalisation yields for the electron and muon modes 5 16} : i 2ol % he o ine
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. B 2 S p— o 1.tf 2 12|
- In bins of p;” and Mmissing s E o ry‘r )
Al nsm—l_l_\— 0.4 0.4 0.4 "
-e channel: R(X,,) = 0.232 £ 0.020(stat) = 0.037(syst) oy e=S==ca==
3 2.
- channel: R(X;,) = 0.222 & 0.027(stat) = 0.050(syst) D 0.0 prs i s T :
¢ 38888y 588%8n

R(X ;) = 0.228 £ 0.016(stat) = 0.036(syst) Pl 1GeVic
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Lepton Flavour Universality measuremantJdecays

arxiv:2405.14625




