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Peak luminosity: 2.11 X 10°*cm™"s

KE KB an d B elle Integrated luminosity (~980 fb-! in total):

Y(5S): 121 fb'!, Y(4S): 711 fb'!, Y(3S): 3 b,
Y (2S): 25 fb'!, Y(1S): 6 fb’!, continuum: 90 fb-!
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3 - SuperKEKB and Belle 11

P -9 * Achieved peak luminosity: 4.7x103* cm™s™!

e SuperKEKB  Integrated luminosity: 427/fb [arXiv:2407.00965]
? " e Currently ~ 530/fbrecorded

.~ /s~10.58 GeV Amiturese i The Belle Il Detector

vertexing, PID, neutrals,

= 2
Add / modify RF systems KLong and muon detector:
for higher beam current electrons, muons and Resistive Plate Chambers (barrel outer layers)
hermeticity. Scintillator + WLSF + SiPM’s (end-caps , inner 2
] p— .— barrel layers) Y.
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International Belle II collaboration
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Belle Il now has grown to ~1100 researchers
(~600 authors) from 28 countries/regions

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/Belle 11

Physics process Cross section [nb]

7(45) 1.110 + 0.008
ut(7y) 1.61
dd(~) 0.40
s5(7) 0.38
cc(7) 1.30

25 =
-E 20 t Y(lS) \' bb il
8 | i /wv |
= 15
] Y2s)
% 0 5 Y@3s)
' : %
+2 H "_ ! 1 )
CONPY A PO T ]
© t _h i "":. astey wWedlveget fuate ]
.. 499 pairs (continuum) A T
944 946 10,00 10,02 10,34 10.37 10.54 10,58 10,62 I
Mass (GeV/¢)
Asymmetric Collider I
) B [
e (7GeV) _ > X
e —¢c (4 GeV) I

B-factory: 10” pairs/ab™"; BB

I
777, c&: 10° pairs/ab™ !, I
Expected Belle II data sample: I
50 — 70 ab~'. I
Meanwhile, Belle II is considering the I
upgrade: £ X 5 I

[

Wealth of new physics possibilities in different domains
of HEP (weak, strong, electroweak interactions). Many

opportunities for initiatives by young scientists. 5



Keywords:

(Partial) definition: an e*e™ B factory operates at the intensity frontier to collect samples
of B mesons for precision measurements and searches for rare/forbidden decays, i.e.,
indirect searches for beyond-the-standard-model (BSM) physics with high luminosity

An important note: program is mostly complementary to that of LHCb and other hadron
experiments
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The 2(2012)" baryon The 0(2012)~ was interpreted as a standard baryon or a

The Q(2012) was first observed by Belle in =K final states ~ £(1530)K molecule.
in Y(1S, 25, 3S) decays [PRL 121, 052003 (2018)].

160
T 140 PRD 98, 034004 (2018), EPJC 78, 894 (2018),
2 120 The PRD 98, 114023 (2018), PRD 101, 016002 (2020),
> Standard _ PRD 105, 094006 (2022), PRC 103, 025202 (2021),
§ 100 Q(2012)~ decays
2 o barvon y PRD 98, 014031 (2018), PRD 107, 034015 (2023),
2 ’ Iy dominantly to ZK. PRD 98, 014031 (2018), CPC 47, 063104 (2023),
£ 60 PRD 107, 014025 (2023)
E 40
o
20 The 0(2012)" decays PRD 98, 054009 (2018), EPJC 78, 857 (2018),
— a PRD 98, 076012 (2018), JPG 48, 025001 (2021),
o 350 = =
b =(1530)K equgl(llystg ) I%and PRD 98, 056013 (2018), PRD 101, 094016 (2020),
2 8007 v . JKS EPJC 80, 361 (2020), PRD 102, 074025 (2020),
o 250f Or the E(1530)K decay PRD 106, 034022 (2022), Few Body Syst. 64, 55
p: 200 mode is dominant. (2023).
g 0(2012)" - E(1530)K
'é 100 ( ) :( ’ )
. . K -
s % Measurement of the branching fraction for N - A
i = = . . ., 7
te T 2 a5 Tei 215 22 ()(2012)” - £(1530)K is crucial to
distinguish the nature of the 0(2012)! =~




Revisit O (2 01 2) ) (1 53 O) K — ET[K Preliminary results

The comparisons between the previous analysis [PRD 100, 032006 (2019)] and this work.

Analysis strategy The previous analysis [40] This work
The requirement of M (Ex) 1.49 < M(Zm) < 1.53 GeV/c? M(Em) < 1.517 GeV/c?
The signal shape of 2(2012)” A Breit-Wigner function A Flatté-like function [41]
¢-induced backgrounds No requirement IM(K~K') —mgy| > 10 MeV/c?
700 o .
. 600F + ~Data The Flatté-like function [PRD 81, 094028 (2010)]
§ iggé— —> <—i-+ —Signal MC T (M) = Gk (M)
2 300) 4— N " | My, — mo2012) + %j=22,3 9;|k; (M;) + ik; (M;)]|>
IS O TR * e, * gn 1s the effective coupling of to the n—body final state.
3 L'__'iF_r_,.....----'l'------..;|FE o ‘°‘ I'f' * k, and k, parameterize the real and imaginary parts of the (1(2012)~ self-energy.
0546 148 15 152 154 156 158 1.6
M(En+) (GeV/c?) Above 2.02 GeV, the phase space k; increases sharply to cover more signal candidates.

The red arrow for this updated work; The blue arrow for the previous analysis.
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Revisit (2012)" - E(1530)K - EnK Preliminary results

We fit simultaneously to the binned 2~ n*K~, 2~ 1K, 201~ KJ, 2°°K~, 2°K~ and E~K2 mass distributions from
Y(1S,2S,3S) data samples.

The mass and effective couplings :

60
2 s 3 Q(2012)~ mass (2012.5%98+0.5) MeV
% , % ’ % - =T +0.3 2
& ol . E The coupling to EK (1.7Z53+0.3)x10
; i The coupling to 311
0™ 2 205 a1 215 22 O™ 2 205 21 215 22 — e (38.9t ' :|:6.0)><10‘2
ME™K) (GeV) METK) (GeV) E(1530)K 389
(@) * H wof , jzz peni _ B(Q(2012)” - 2(1530)K — EnK)
> 40r > i > ; % _ =K — = I’
% I [ % 100: ] . 4 ) _ % 300} A N b - 8(9(2012) — '_‘K)
5 20 s f i S 200f
r E 100:—
0 1'95 é 2.65 2‘.1 2.‘15 2.2 979 1.I95 é 2.65 2‘.1 2.‘15 22 qg 1.55 é 2.(I)5 2I.1 2.:I5 2.2
MEK) (GeV) M(EX) (GeV) MEKY) (GeV) 0.99+0.26(stat.)=0.06(syst.)

Our result is consistent with the molecular model of (1(2012)~, which predicts comparable rates for 1(2012)~ decay to
£(1530)K and EK .
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Evidence of Pcs(4459) at Belle preliminary
a D
* OZl suppressed decays of Y(1S) and i ikg,.,
Y(2S) rich in gluons I Signal fit
* enhanced baryon production § i
* pentaquarks? 7 ’ | } |
» Selectinclusive Y(1S,2S)=>J/yA + X 2 5 H J[
decays, then search m(J/\yA) for [ LT {l %*
pentaquark signal ] i L
. 4.2 4.3 44 4.5 4.6 4.7
rB:scgfgzggd from sideband and off MUATT) CeVie)
* Use LHCb mass and width for their Local significance is 4.0c,
observation in =, decay (Sci. Bulletin 66, M =4469.5+4.1+4.1 MeV
1278 (2021) I' =14.3+9.2+6.3 MeV
. 3.'3 stan;:l.ard deviation significance c.f. P (4459) LHCb. SB 66, 1278 (2021)
opservation
4458.8+2.9117 MeV
- free mass and width 4 standard deviation IR S
local significance T

Add Gaussian constraint on M and I’
= significance 1s 3.3 including systematics. 10



B Flavor tagging at Belle 11

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

BY, category-based

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

“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)] ~ 1000 §

v Similar to Belle & BaBar experiments '

» Newly developed B tagging algorithm: GFlaT

3
| =
Jn
=
m+
Candidates per 0.05

2000 |

5&00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

v Graph neural network (GNN) qr
v 25 variables for each track as GNN input arXiv:2402.17260
v' 18% improvement in performance ' '
Accepted by PRD
€tag(CB) = (31.7+054+04)%
€tag(GFlaT) = (37.440.4+0.3)%

11
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CKM matrix: |V | & |V
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.

. i . . . VCKMVSL;KM =1
inclusive and exclusive determinations

~

E I - (T\H 4_8 :l T T I T ] T I L] T ] I T L] 2| I L] I T I l:
Xclusive 2 4.6 :_ Exclusive [V, Ax*=1.0 conlm'.xrs _:
*) :.o 4.4 :_ = Exclusive |V ;| : lr\f]:flézou =
B = ntv, B — ptv,B - D"¢v, A, = ptu, etc. SCHIN- VIV 1| Vi global e
5 =421 ] o =
= HFLAYV Average ]
2 E ~ =
B V| f Form factor f (LCSR, LQCD) 45 30 E
3.8F | =
368 7 % =
34F Excl.: S/ 3
B— X/v, B— X v 32E E
3F HFLAV =
c c ASB - m
@ [Vl [+ 5(#)(025>(ﬂ)+ 6<u><63’6>(u)+ O(m;)] v | = 28F P =85%
nmy my TB M Ar C PR SN TN T T NN TR TR 1A T ST NN TN NN ST SN SN N B
36 38 40 42 v

+ Shape Function / Fermi Motion (OPE)

IV, [107] 12




Semileptonic B decay: V

=

dr’

— o V|2l £(g?))?

d 2
"IIT 4_8 : T T T l T T T ] T T T l T T T I T T l :
O 4.6 Exclusive [V | Ayx* = 1.0 contours =
: —E o 5 Inclusive A
=44 2 Exclusive [V,,| ol . IVekGGoU 3
> = IVl IVl [Vyl: global fit  ~
C - HFLAV Average =1
4 ~30 =
38F =
368 S =
34 Excl.:} ' =
32F =
3E HFLAV [E
= =
2.8 PO =89%
L I I L I L 1 1 I 1 1 L I L 2]
36 38 40 42 44 4
[Vl [107]

New exclusive measurements from BaBar

[ W&@ % ]X with B—Dlv and Belle with B—D *[v using

full differential information for the first time
V.,=(041.1+12)x107
[Babar arXiv:2311.15071]
*V.,=(41.0+0.7) x 1073
[Belle arXi1v:2310.20286, to appear in PRL]

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

13
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Simultaneous measurements of B’—7 (v and B*—p’0* v
* Full Run1 data of 364 fb-1 with untagged analysis strategy

Preliminary

1"
» Novel method to simultaneously extract signals in 2D grid of beam-constrained mass M,,. and energy NEW!!
g . 2 3 y .
difference AE for each bin of g~ : 13 bins for 7 mode, 10 bins for p mode arXiv:2407.17403
Preliminary
7 F cross-feed
 Belie Hl B ptv [cdt=364b"
6F Bomlv: B-plv:
[ =9 Signal mmm Other BB H } Data Signal  mmm Other BB

- 3 X,f/v B Continuum

) e X, Lv I Continuum
B (] |
[ XLV Il I ‘

. L

1 Xctv

e Cross-feed signals are linked in
two modes

cross-feed
B — ntL

JJJ&J

w e wn
T

103 Events / Bin

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

|u e
7" lL I\' l

nO
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Simultaneous measurements of B’—n£*v and B*—p%C* v

Preliminary EEEES

NEW!!

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 — m~£*Tv,) = (1.516 4+ 0.042 4 0.059) x 10~*
B(Bt — p%tv,) = (1.625 4+ 0.079 & 0.180) x 10~*

stat syst

Consistent with world averages
Compatible precision as Belle/BaBar

arXiv:2407.17403

» Extracted |Vub| with lattice QCD and/or light-cone sum rules (LCSR) constraints of form factors

[cdt=364fb1 C Belle Il Preliminary B* - p°fty,

| Belle Il Preliminary [
B » 1ty 12 | Jedt=36407"

oo
L

()]
L —

»
B

only LQCD [FLAG]

LCSR [JHEP 08 (2016) 098]

dn/dg? (x10°) [GeV~2]
dB/dg? (x10°) [GeV~2]

2 — BCL 30 -
| = 1o § Data 2 —— BSZ W 20 ¢ Data
- 20 i mm 1o 30
oTlllllllllllllllllllll i | 0-llllllll||A|A|||l||||l||||l||A|l||1|l|1|||||
0 5 10 15 20 25 0.0 25 50 7.5 10.0 125 150 17.5 20.0
q? [GeV?] q? [GeV?] 15
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Simultaneous measurements of B’—n £*v and B*—p%C* v

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

Preliminary

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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Lepton-Flavor 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’ experimental -)/ﬁ-\ 0.4 _l rrfrrrrrrrrrrrr|rrrr[1rrrr[rrrr[ 1 |_
uncertainties cancels % :m Ay’ =1.0 contours -

Prelim. 2023 _

035 —

R(H., ) AB(B — Hrv) i .

t/f¢) = 03 : .

RB(B — HIv) R B :

— * —_ [~ ® -
H=D,D*X,m,etc. ¢ =e,u 0.25 |- =
final state can involve different hadrons & -
D = World Average :

02 =  $HFLAV SM Prediction  78EP 1712 (2017) 060 ggg)):()(;gg: 0(-)03?,?&1 -

B R(D) = 0.298 = 0.004 PLBE9512019)386 *)=0.284 =0.013 -

5 * - | o~ . PRL 123 (2019) 091801 —_037 -
Tension of R(D()) with SM ~3c T TR .

02 0.25 0.3 0.35 04 045 0.5 0.55
R(D) 17




e Use 189 fb-1 dataset with hadronic tagging strategy

R(D*) using hadronic B tagging at Belle II
arXiv:2401.02840 Belle II

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
- < 3 -1 D¥t
Full Event Interpretation = /‘ [..vv N JLat=18031 . E ok
Comput.Softw.Big Sci. 3 (2019) 1, 6 Ore(e, /) T . ¢ 25| @R o
e 7/ (BY) ~ 0.27 % 5 : [ ] Hadronic B
eBY)~035% eBY~027% T \ >4 = 20 B Fake D
3 15 - [_] Other BG
m / \ / \ D* 7 Tow _§ . Fit uncertainty
S 10
Hadronic Tag Signal Side \‘D K §
In the rest of event 60104 g ha 5
(ROE), require no (10%) decay chains /4 oE
T 0 + = n
remaining tracks/z". e . e _ 2F . B
= O L2 ) . e szl - o o
o LI S o o °
M2 p— E* E *—E —= || —= — * 0 *)2 _2"_...|...|...|...|...|...|...|..,|..T|...
miss = (Bbeam D ¢ ) (=D PBi.s — PO+ — Py ) 0 0204 0608 1 12 14 16 1.8 2
Egc [GeV] 18
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R(D*) using hadronic B tagging at Belle II

~ 04

*

A

R(D*) = 0.262 yoq(stat) Loz (syst) =
0.35
0.3
0.25

® Previous version presented in Lepton Photon 2023

* Minor updates applied 02

Update to full Run1 dataset
and include R(D) is ongoing

arXiv:2401.02840

Preliminary
B LI I LI I L L I L L I LI I LI L I LI L I LI I LI ) _
B m Ayx* =1.0 contours -
: Summer 2023 :
[ Bellell |0z i
— Belle” : -
L | LHCB -
B World Average -
—  $HFLAV SM Prediction R(D) =0.357 0029, =]
B R(D) = 0.298 =+ 0.004 R(D*) =0.284 £ 0012, 7
- R(D*) = 0.254 = 0.005 p=-037 -
- P =33% -

L_1_1 I L_L 1 1 I L1 11 I b 11 I L1l 1 1 I L1 11 L1 1 1 I L1 11 I L1
0.2 025 0.3 0.35 04 045 05 0.55

R(D)
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PhysRevlLett.132.211804
Measurement of R(X) S ———

» Inclusive ratio R(X) = B(B—X1v)/B(B—X{v) N \ Belle 1T Preliminary Jedi=1891b"

W 149 Job Mi.<1 gd M2 .23 ML, e@3.41| MZ €6

with 1 leptonic decays < @ \ X < e B W=

> Hadronic-tagging method with 189 fb™! i W M to. unc
Hadronic tag pioneered by BaBar [PRL 92, 071802]; MVA version

at Belle II [Comput. Softw. Big Sci. 3 (2019) 1, 6]

=
=2

¢ Data
M3 €(6,8]] Mz >8
k2 b

=
N
T

00

IS

Residuals 103 events per bin

» Use missing-mass squared and B candidate momentum to extract 281 _
Signal 'z'og;éég‘.éémf.‘.‘f.“.','.',‘.'..‘.'.'.‘fgsgijgz .....
» Result agrees with SM prediction: R(X)sw=0.223 + 0.005 - Fe 105 )
Belle I Preliminary JLdr=189fb"!
. . : - . . J M2 <1 sed M2 €(1,2.3]| M2, €(2.3,4]| M2, €(4.6] E i{lf*#wlv
- 2D binned maximum likelihood fit to extract the signal and < 20} g == 4 Background
normalisation yields for the electron and muon modes 5 10| o . 5 heun
simultaneously 2 12} & al =i ] W7 € 6.8 M
. B 2 % o o l.tf 2 12
- Inbins of p;” and M, ;i\, iy § F’JF )
A nsm—l_l_\— 0.4 0.4 0.4 L
-e channel: R(X,,) = 0.232 £ 0.020(stat) = 0.037(syst) | e=t==cass
-4 channel: R(Xﬁ#) = 0.222 £ 0.027(stat) £ 0.050(syst) ggg ,,,,, i R M AR il
g0 e e B0 ESEEsIasE

<0.7
0.80
1.00
1.20
1.40
1.65
>2.3

R(X ;) = 0.228 £ 0.016(stat) £ 0.036(syst) S p? (GeVi o 20



Quarks

Charge

+2/3

Characteristics
—>» Strong

== Weak

- Weaker

=1/3

Flavor changing neutral currents FCNCb — 8
occur at loop level in the SM
Low BF’s due to CKM and GIM suppression

Forbidden <{ b — srﬁ]

Look for enhancements in FCNC and b s

LFV due to P contributions “LQ _
Third generation coupling 4 2
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Big Bang Theory Episode (FCNCs)

]
Sheldon, what ‘ “|I|
about FCNCs ? ri a1
T =

‘M = IVC‘I‘;- : L-, f
S TP

' . 97¥5)" = {0
= (00o¥) (e -(o1rs) { P
= 97527 "' :

an \F O
"Zin

N 4 /
\.

<
J
dozd /
——te,

P

s N ;{/",/ ; .

FCNC's are
forbidden at 1%t

enguins
bend order in the SM

(FCNCs)
work ?

John FEllis, the CERN theorist who coined the
name “Penguin” (a type of FCNC).

Examine the following b—>s y decay
modes in the Belle Il Phase 3 dataset.

B > K’ —>K'pyg
B'">K'g—>K'pyg

22

B*">K'g—>K)p'yg
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Radiative penguin: B— YK~
@ Flavour changing neutral current decays sensitive to new physics
@ CP (Acp) and isospin (A o) asymmetries are theoretically clean thanks to form factor

cancellations
@ Latest Belle measurement found evidence of isospin asymmetry at 3.1 [Phys. Rev. Lett. 119,

191802 (2017)]
A — I'(B — K*vy) — I'(B — K*v)
T ITB =K +0(B - K*)
I'(BY = K*v) —T'(BT — K**~)
A_H) =

['(BY —» K*0~) + I'(Bt — K*t~)

Goal

Using the 362 fb~' Belle Il run 1 dataset
@ Measure B(BT0 — K*+:0y) withK* — K71, KO7®, Kt n® and KOn*

@ Measure A g and Acp for all modes except BY — K*O(— KO7O)y




Radiative penguin: B— YK~ 2D M, -AE fit to extract
Simultaneously yields of B and anti-B

@ Consistent with World average and SM preliminary for self-tagged modes for A¢p and B
@ Similar sensitivity as Belle despite smaller sample (thanks mainly to improved AE

o
o
o

“§ [ ¢ Data
resolution, K? efficiency and continuum suppression) §soo e i o6 KRy
@ Asymmetries statistically limited S J S i N
g | \
B[B’ = K*’4] = (416 £0.10 £ 0.11) x 107°, T <> a
200i- .~ . ® I’ \\
- —t—— /
BB — K*"4] = (4.04 £0.13 +0.13) x 107>, T ]
M, [GeV/c?]
Acp[B? — K*%9] = (-3.2+2.4 4+ 0.4)%, B + o
%400; gre:ﬂ?n’inary :Bl“ —>K'°[K"n']y
Acp[BT = K*t9] = (-=1.0+£ 3.0 £ 0.6)%, Juor-seze’ o Background
AAcp = (2.2+3.84+0.7)%, and
100 i - .
_ i _-- \ ¢
Ao+ = (5.1 £2.0+1.5)%, e B

AE [GeV] 24
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B — Kvv : BSM without hadronic uncertainties
Belle lli uring the rare d f . _ 1 v
a(IeB ;esz: ‘cafesatredgby :u:e?'K:Ic(aB),, ’ v / //
into a K meson and two neutrinos. 3 f;

: ~ L/
neutrino II — ‘-I}—Srf
> ' b —» >

h —» >
u,c,t u, e, t

ﬁf‘n,f +
> S

(a) Penguin diagram (b) Box diagram

The B=>K® v ¥ missing energy modes are accessible to
Belle Il (and Belle), but might be difficult at a hadron

experiment.

o
o
'''''''

i + =
positron % B u u
‘ B meson up quark up quark K meson

The high-precision calculability of the probability of this decay
makes it easy to validate the Standard Model.

Signal: B2K v v

A b quark has charge -1/3, an s quark has charge -1/3 so this Tag mode: B>Drn; D2>Kn

decay is a flavor changing neutral current (FCNC). . 25

£ . Caria




Candidates/(1 GeV?/c?)

Pull

ba
=
=

—
2 g
LA ) B B B B R B

—
=
=

a 3.50 excess or “evidence” signal: B2>2K v v

JL£dt =362t 0 BB
} e
Hl Continuum
t  Data

| Belle Il preliminary [l BT —K T

0 5 10 15
‘ﬁzc [Gevszc“é

Distributions for the signal-
enhanced region in the ITA
(Inclusive tagged analysis)

Fits in bins of BDT2 and ¢?

PRD 109, 112006 (2024)

e Signal candidate:
o an identified charged kaon that gives the minimal mass of the neutrino pair g* _,
(computed as K' recoil)

Event (pre-selection): _ BDT,_ (final selection):

o 4=nN__ <10 BDT, (first filter): e 35 input variables:
track e 12 event-shape based o
o [ >4GeV — _ . . using signal, event, and
total kinematic variables _ .

o 17°<# . <160° their correlations

New Technigue from Belle 11 Now add on some ML/AI (boosted

with inclusive ROE decision trees or BDTs) to help us
(Rest of the Event) tagging. tame the large backgrounds.

(X 10-20 € compared to FEI,

but large bkgs).

26
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a 3.50 excess or “evidence” signal: B2>2K v v
PRD 109, 112006 (2024)

Consistency check with the lower

Inclusive tagged analysis sensitivity FEI hadronic tag.

125
250 Belle 11 ;:r?:litnttarzry Bl 5Kt Belle I preliminary B 5Kt
12 J £as =302 = B'F 100 [Ldt =362 = 5B
S 200 0 BB~ ; ; i S
. L Hl Continuum —

= o
1m0k } Data ¥

g 150 E e

b ' Rk

'.-5 100 =

ER: 3

G O
. g_d__

N

F o oof E 0
= _5 : ) I ) A ) L ) - -5 F I I I I I
0.980 0.985 (0.990 0.995 L.000 0.4 0.5 (0.6 0.7 0.8 0.9 1.0
n(BDT;) #(BDTH)
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Combination and comparison with other measurements
_SM Average PRD 109, 112006 (2024)

Belle 1T (362 fb!, {"L'.Imbltl'['[ll B(B+ — K+V17) — (23 i OS(Stat +0 > (SYSt)) X 10 >

23 =0T ThEs amal v, b oo

Belle 1T (362 fibt, h L-I.'].I:"l.'.ltll-l."l

I Thas ol vl b riled

Significance of signal excess is 3.5 standard

Belle IT (362 fb!, Ltlr'hﬁnfl

}a';'; n*:'l,w: ! inclusive deviations. The signal is 2.7c above the SM
Belle (711 fiy -*-;ﬂm}r*pmm{' ) CXpCCtatiOIl.
LD=0E HEI:I‘?E._E:? Lol
Belle (711 fb, hadronic)
BaBar (418 fb!, semile i . . . =
oy et Maybe third generation couplings b 2 s t¥1~ are
BaBar (429 fb, hadronic) enhanced

I | I In. ':I:. 3 II"lEl]-IE-T_ H.Im"l | I I I

1 6 8 10

10° x Br(BT— K Tvp)

Program: In the future, Belle II should be able to measure B->K nu nubar, K* nu nubar, g? spectra
and K* polarization.




Search for B0— K?7%¢* at Belle and Belle 11

> The BSM extensions predict that the decay rates for LFV b— st 720 A
decays are close to current experimental sensitivity
» Third-generation couplings + 7 lepton mass — sensitivity to new E NP _
® BaBar (428 fb_l) Bt — KT7T£7 [Pross, 012004, 2012] S
Bl Belle (711 fb_l) Bt — KT7%/¥ [PRU130, 261802, 2023] _5
9fh~)Bt - K+r+/,¢ - B - K$OTiﬂ1 [JHEP06,129,2020] [JHEP06,143,2023] X1O45 5 I
e ab~'@Belle |l ~1 £b~" @LHCh
Today: first searchinB® — K{r*/7 gz: SelellT 17 10088
z 3.0 i
BELLE+Belle 11 (711+362 fo~ 1) + hadronic B-tagging Cj N g 07 Srzf’search?s
§ 2.0 :
3 1.5 o8 B
n0 = 10, g:?i%tgent




ETE

FUDAN UNIVERSITY
0 0.+ pF
Search for B’— K 7*{* at Belle and Belle 11
Has neutrinos only from one 7 < can compute recoiling mass of 7 Mg = B2 = (Peve- — Px — Pr — P5,.)?
(unlike B+ — K+I/D, BO — K¥0T+T_etc) ¥ fll 020\ E%SSTE’[;Z -[ ‘
> I
. . Q 0
Kg purity is larger than 98% j s 015 ks
N D o _
. . . . A -® ™m bR
Reject dominant bkg: B semi-leptonic decay | B . = 00 5
. . - Usig Q2
BDT for remaining bkg suppression @ 5 008
10 B 1geyl 10 B G N * 0o - :
s if:,'f:;',';lﬁ"’"m'"“ — Qs ’“§s-j[:jj;';;',';{°“"“"°” — cunait 00 125 0 175 200 225 250
i ::Ns,g:-ma +3.0 :;E:kaglmund s ::Nw:zs +3, :giﬂa'mm My (GeV/CZ)
b B el
T T O i B(B® = KYrtu) <1.1x 1075
i AW i Il (B° = K§r*u™) < 11x
1712 14 16 18 2 22 24 % 11I2l 14 16 18 2 22 2|'.Jt B(BO — KgT_/L+) < 3.6 x 10_5
M, (GeVic?) M, (GeVi/c?)
"’!T" lle+Belle Il preli ?n*Kg1'B' —— Data f"’ lle+Belle Il preli B'B_)Kg{a' —— Data B(BO — KgT-*_e_) < 15 X 10_5
§:::i;:z:z " —ws §:§-I:::;°’1':1; —s" B(B® = K%~ e*) < 0.8 x 1077
8 sk g 8f
AR E
e I e 4r T ° ° °
MH - H @ ot | L ~~>41--H&H£H£ The results are among the most stringent limit
of - e s N
1 12 14 16 138 2 22 24 _21 12 14 16 18 2 22 24
M, (GeV/c?) M, (GeVic?)
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Belle II T physics program

Belle II 7 physics program :

Why 7 physics ? - 7 mass measurement (PRD 108 ,032006)
- 7 lifetime measurement
- V__ measurement

- Heaviest lepton — many decay modes
- Only lepton to decay into hadrons

Most precise measurement of the 7

- Tests of the Standard Model _——" - LFU test .(thi.s talk) ass : 1777.09 +0.08 +0.11 MeV /c?
: - CP violation in 7— K%7v A10°
- Search for New Physics and more ? W e = -
- 14;_ J‘L e S {""iBackground

- LF'V searches :
- 7— /o (PRL 130, 181803)
- 7=l (arXiv:2305.04759)
- 7— An (arXiv:2407.05117

- 7— pyup (this talk)
- and other modes...

Events / (1.5 MeV/c?)

Pull

1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84
rVlmin [G BV/‘C2]

T decay modes




Lepton Flavour Universality measurement 1n t decays

SuperKEKB as a 7 factory: T decays: arXiv:2405.14625
o eTe collider produce T leptons pairs at high rate e Massive enough to decay into lighter lepton & hadrons
e T e Mostly one or three charged particles in final states

e Challenging reconstruction with neutrinos in the final state

U= vy

et —+

o(ete” — 71177 )=o0.92nb

o(ete™ — BB)=1.05nb

e cross section equivalent to BB process




Hoa k%

FUDAN UNIVERSITY

Lepton Flavour Universality measurement in Tt decays

Measurement of coupling of light leptons to EW
gauge bosons:

Extract R, by fitting the lepton momentum [1.5, 5] GeV/c

. x10°% . ‘ . r ‘ . . x10° . ‘ . ‘ .
O _ _ O _ -
— = Belle Il prel. (2023) Bl (T u~0,v.)(t¥= h*nno.) = Belle Il prel. (2023) (T7= e v (Tt h*nnD.)
(g_f-"-) _ B(Ti — ruiy.uy'r) f(mg/mg-) Si\/fl E 5 ILdt — 362fp-1 W= other(tr:eu) ] E St ILdt = 362 fb-1 other (true e)
- = —-77 2 2y B other (fake u) other (fake e)
ge ] . B(t— — e Devy) f(mZ/m2) N4 T o 5 4F . Uncertainty
— 3 ¢ Data — . ¢ Data
o o o
- v = g e Tl
R, = Bt~ = p V“yT)S:MO.9726 % 5 g 5 1 eVt
B(t— = e Uevy) g g I
L i}
. - 0 — 0
@
tag side . 5 Q " T L0l g % 1.01F . : . : : f ;
K/QP 6 E ro0pmmraany #%M%ﬁff}%/‘{ - € 10 Wm/ya//y/MMMWWWW/ 2
r Y S 090k ! ! s : \ . E S goot . \ . \ \ . .
ot j</' e A 15 20 25 30 35 40 45 50 8 7315 20 25 30 35 40 45 5.0
Vel ~ _ £ pu [GeV/c] Pe [GeV/c]
» \/\‘/\d,\f £y signal side
e"/;l' Y S
() . arXiv:2405.14625
e Event selection is performed with rectangular cuts and neural network | CLEO (1997)
p g T 09777+0.0063+0.0087 JHEP accepted
e 94% purity with 9.6% signal efficiency for the combined sample BaBar (2010)
e Mains systematics coming from PID (0.32%) and trigger (0.1%) b
. HFLAV fit (2021)
o o . — " o s 0.9762 +£0.0028
e Most precise e/ p universality from 7~ decays in a single measurement with
i Belle Il preliminary (2024) >
362 fb—1 | 0.9675 + 0.0007 + 0.0036 @
L : L L ; L Belle IT
0.96 0.98 1.00 1.02 1.04
R,, = 0.9675 + 0.0007(stat) + 0.0036(sys)
Ry 33
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Lepton Flavour Violation (LFV) searches in T decays

- Charged Lepton Flavour Violation (cLFV) in the Standard M contributi b
Model through weak charged current and neutrino oscillations @ contribution
rates ~ 10"

— Clear prediction : no LFV in current experiments !

- Various BSM models predict LFV at observable rates

~ 105101 -
(e.g leptoquarks for 7— (¢, related to anomalies in b— ¢ )
w 5 5 ; - . Physics Models B(t - pup)
§ L P IS v ] lhh BNV M 10-53~10-55
8 105:_ b e * 2 ’ E
E’l: " : . . g . ] SM + seesaw i L
B il la i o § Il SUSY + Higgs 10-8
£ E v -« CLEO =
E T . T Lot SUSY + SO(10) 10710
1075+ : ’“ T ) e 2‘5:05" Non-universal Z' 104
3_ :! :‘ & A x ,'II‘ g ik " PR .n‘ N 7 v BaB . ) N B o
S ool S . AP B 185 A lot of interest in LFV decays at e'e
® EMuee + g s T ' P s = 4 . ) . )
& F e g, [ R L e colliders, with ~ 50 modes :
107 i T — by, T— VD, T— VUL | etc.
010_ aln\ IEQI_I_ | c:‘Ic‘l | IH\. e‘I“3 I !I. l. l. II\I l.lil I\I .lf I.I || . ] B B . y
R T R S e e e S S e e These are rare decays : it’s all about
Oahzéaﬁab&b&bafiﬁ&a&&& kg e . N .
Banerje ot o, 202z Kou et al, 20193 maximizing the number of events ! 34
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LFV : search for t* — pu* ﬁ Lt signaisic

TE— pEpt pE
- Almost free from SM background Pane thn
- Very good resolution on the energy and momentum e *t
- Can also be probed by LHC experiments
Existing measurements : 2.1x 10 *by Belle (Phys.Lett.B687)
2.9x 107* by CMS (Phys.Lett.B853) Sy
71 Belle II (Preliminar Signal region I 1 1 i 1
" /_M_u&ﬂ) iminery) T Sl Signal yield is extract with a poisson
—— Sidebands counting experiment

H
<

1B(r—=pputp)=6x10"*

AE;;# [Gel/]

+ Do ié - Signal region defined as an ellipse in
= the 2D plane (M, . AE —
E (AE =FE ( 19 )‘”’) 90 % CL upper limit on the
- e "‘” branching fraction
; Blr > pup) = 22 _@
2077 - L B(r— ppp) <1.9x 1078
10! Number of expected background L
N, =0.7"010.01 World’s best limit!
obtained by rescaling the yields from

Accepted by JHEP

(arXiv:2405.07386)
Observed 1 event in the signal region 14

the sidebands data in the signal region




SuperKEKB/Belle Il status and plans v

Evolution of peak luminosity

World-record:
4.7%10%* cm2s™

Peak luminosity [103* cm2s1]

o -t ") [7%] P o

s’
Image K. Nakamura ,’

Target before LS2: #  Target after LS2:
2.8x1035 cm2s3 s 6x103%° cm2s-
Run 2 LS2

2028 or later

(under discussion)

.4 LS
| §'1| Pixel exchange,
¥ § 5| TOP PMT replace,
Nonlinear collimator, §
g | etc..
o & | K

>
Date

* Run 2 is long - end 2028 or later
« Steady accumulation at ~2 x 10%°cm~—2s-1 for several ab 1— 2"d generation
« After Run 2 — upgrade proposal for reach design luminosity and tens of ab !
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Summary

« Belle II started operation in 2019, and the luminosity has achieved ~0.5 X 103°cm™2s71,

* After 18 months of LS1, SuperKEKB is resuming for the second data taking in Jan. 2024,
with a goal of (1 — 2) X 103°cm™2s71.

* Belle II 1s getting more and more productive in publications, based on the excellent
performance of the Belle II detector.

* R&D works for Belle Il upgrade are on the way, and the CDR 1s under review by BPAC,
going to be released soon.
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Composition of B—X(v events

Used:
<20%

(not well-known, not clean,
: o 0
missing v, K, °...)

Used B—D/(v Well-known,
clean decays
(mostly K*,7%)

No missing
Used B—D*(v particles

So then: how can we use “not well-known” as the signal? 13
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Data-driven corrections

The controls the physics we know the least about
Mg =
Extraction variable
2
z//_ Ecwms Ecms/2 E,
Miiss = |(5oe) = | —pp— |~ (52) ~
DcMs PB.g D¢
Independent test variable
o 2
2 _ |[Ecms/2\
1 TPBiag

Using M, to reweight the signal fixes* the observed mismodeling



Study of the rare decay B — yy decay at Belle and Belle 11

® This mode is sensitive to new physics that could enhance branching fraction due to the possible
contribution of non-SM heavy particles.

b \N\N\N /4
BP EW‘ Y (u,c,1)
.J < L

Y

Previous searches

Measurement at 90 % CL

L3 collaboration ([ £dt=73 pb~1)
Belle collaboration ([ Ldt=104 fb~1)
BABAR collaboration ([ £Ldt=426 fb~!)

<39x10>
<62x107
<32x10°7

Phys. Lett. B363 137

Phys. Rev. D.73.051107
Phys. Rev. D.83.032006

Theoretically, the BF of this decay mode is expected to be 1.4J_r(1):g x 1078 1.
1 Yue-Long Shen et al. (2020), Journal of High Energy Physics, 169 (2020)

® We perform the first Belle and Belle II measurement using a data set of 694 fb-! from Belle and the
dataset of Belle II (» 362 fb-!) from the Runl period.




Study of the rare decay B — yy decay at Belle and Belle 11

ol mhe [ g Suf ool fmen T P PRDL (accepted)
® Preliminary = = = Background = [ Preliminary - = = Background ; 30 . = .- Back d .
g ; = N , - ™| preliminary i Xiv:2405.19734
+ 30 B —vyy —— Data ©30F B —vyy e = B =y —Fit ar V. .
2 _l; —— Data % 25 | —— Data
£25 £ L F
[ = w 14
@ 20 w F
12—
15 C
10
5F
224AALL5‘25H‘JSIESI 115J27 5I28 5.29 OE“IiIII
’ i . ’ ) 5 -06 05 -04 -03 -02 -0.1 0 0.1 0.2
M, (GeVic?) AE (GeV)
— ~16F ~
o 22F  Bellell f -1 Signal > r Belle Il B Signal o f " L
3 e Ldt = 362 fb ] N elte det =362 fb - - = Back d © Belle I Ldt = i Signal 5 20 25 30 36 40
> — e ackgroun t =362 fb ] ;
® 20 [ Preliminary 3N Background E 14 | | Preliminary o — Fit S12p Preliminary N « == Background Signal Yield
S r ey —— Fit 5 F B —vyy D = B —=vyy -
v 18p —+— Data — 12 L hy — Fit
s F &g )
< 16 P o e —4— Data
2 5 10k : . . .
14 o I 1
ENE g | Signal Significance
10 E N
i of ( ( )
8 = § —
1! V2 ZJZ e
4F # ;
Y 2 - 2.5 G
) S T R M S e AR P P e e - SO RO Py T TR N T A b e x
524 5.25 5.26 5.27 5.28 5.29 06 05 04 -03 02 -01 0 0.1 0.2 0 0.2 0.4 0.6 0.8 1
M,, (GeV/c?) AE (GeV) Coor

e Simultaneous 3D unbinned ML fitting on M., AE and Cypy using Belle and Belle II data sets.

Signal Yield = llfgg 2.50 significance wrt the background only hypothesis
Approaching SM sensitivity


http://arxiv.org/abs/2405.19734

Study of the rare decay B — yy decay at Belle and Belle 11

PRDL (accepted)
Improvements arXiv:2405.19734

® No signal evidence -> set UL at 90% CL
e B(BY - yy) < 6.4 x 107 at 90% CL.

® Improvement by a factor of five over the

Increased Statistics (Belle+Belle II)
Improved analysis techniques.

previous UL set by the Babar experiment with Better Signal Efficiency
426 fb-1 (< 3.2 X 1077 at 90% cL). Improved Background reduction

BB — yy) = (3.7+33(stat) £ 0.7(sys)) x 107°

\@‘, Upper limit on Branching fraction: < 6.4 X 1078 at 90% CL

World Best UL (Previous world best < 3.2 X 10™7) [BaBar, PRD.83.032006]
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Search for B— K*0ztr

O FCNC processes are suppressed in SM at tree level. Belle (711fb~ 1) Z"H(B® — K O 77 7)<3.1x10 > [pRD 108 L011102 (2023)]
BaBar (428 fb™1) @UL(BJr — K+T+T_)<2.3X10_3 [PRL 118 032012 (2017)]

O NP models that accommodate the b — cz£ anomalies predict

an enhancement of several orders of magnitude with 77 pair in BFy, = (0.98 % 0.10) x 1077 1Prosc, 4364 1306)
the final state.
O NP couplings are those involving the third-fermion generation.

K+
-1 A Ar~
Chall Belle 11 (362 b~ 1) \/
aflenges Similar asB™ — K*vo hadronic B-tagging . tz% TP
O Low BF B . K ~+ /
O No signal peaking kinematic observable *. ngn
O Large backgrounds+more than 3 prompt track . T \A
‘.
O Up to 4 neutrinos orignating from 7 Y. t=t,m,p
—0 A
*0 B.. .
O K™ has low momentum due to the phase space tag % 43
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Search for BO— K07z 7~

£¢ as an example

* Combinations of sub-track from 7 lead 00 [ pewettpreiminary 4 Daa ] Bl ey 4 D
. £dt=362 fb~! ‘ ﬁB s 731 [rat—362 ! : ﬁ;l\””rﬁr ]
to 4 categories: £, ¢'m, i, pX & ] f s @ [ / .
i\ I{ncertaiiuty;) I lSJncertzinty )
* /¢ has the best sensitivity S ol [ R | ST
* BDT is trained using missing energy, = W/y | R
extra cluster energy in EM calorimeter, g N m . i
(53]

” T 1 50 F .
M(K*Ot) , qg, etc. 20 il_[_"‘_‘_ [ 1 .
22— sl : = M

l Il
* BDT output #7(BDT) is used to extract o e TR
the signal yield with simultaneous fit 23 _ Eii———-—"-i A
to 4 Categorles N 1 14 15 16 17 18 19 2 04 0.5 06 0.7 0.8 0.9 1.0

¢ [GeV?/c n(BDT)

Twice better with only half sample wrt Belle!

UL _ -3 o -
9~ =1.8x107" at 90% confidence level Better tagging + more categories + BDT classifer...

The most stringent limitonthe B® — K Yz*7~ decay and ingeneralonb — s77 transition!

44



