Main Results from Belle Il experiment
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On behalf of the Belle and Belle Il collaborations
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The SuperKEKB Collider

Interaction

Region Belle Il detector
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* Delivered 424 fb!in Runl (2019-22)
* Maintenance and upgrades during long shutdown 1

* Restarted collision (Run2) in Feb 2024.
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Asymmetric e* (4 GeV) e (7 GeV) collider working mainly
. —— at Y(4S) @ KEK laboratory, Tsukuba, Japan.

Holds world luminosity record: 4.7 x 1034 cm=st (2022)

Aims to exceed 103° and to deliver multi ab™* data sample

Nano-Beam scheme (P. Raimondi):

Squeeze beta function at the IP (Bx",By") and minimize longitudinal
size of overlap region to avoid hourglass effect

-— 0.\';< /, » eﬂectl\(e

Half crossing angle: ¢ eff

Strong focusing of beams down to vertical size of ~ 50 nm requires
very low emittance beams and large crossing angle (83 mrad)
= Need powerful and sophisticated final focus system (QCS)
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The Belle Il detector

Taken over KL and muon detector \
~ from Belle J . sue\ Resistive Plate Counter (barrel outer layers)
: f‘;girf_c‘l’d“d“c“"g solenoid Scintillator + WLSF + MPPC
- -fie

(end-caps , inner 2 barrel layers)

A\MARE

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

electrons (7 GeV)

Particle Identification
Time-of-Propagation counter (barrel) TOP
Prox. focusing Aerogel RICH (forward) ARICH
Central Drift Chamber

Trigger
Hardware < 30kHz

= B Z
Beryllium beam pipe ; Software < 10kHz

2cm diameter

&

/4///‘

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

\ Final focus system Qcs| Positrons (4 GeV)
\ Set of super conducting

magnets very close to the IP

Central Drift Chamber

Smaller cell size, long lever arm
New for
Belle

I Belle Il TDR arXiv:1011.0352
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Excellent tracking performances
15 um vertex resolution

Hermetic detector: full event
reconstruction to exploit
kinematics constraint

High photon efficiency (90% above
1.5 GeV momentum)

Very good lepton ID:
e(n)~90% with 7% 1 mis-ID;
e(e) ~ 86% with 0.4% 1 mis-ID

Kaon ID in full momentum range:
e(K)~90% with 6% m mis-ID



Total integrated Weekly luminosity [fb~1]
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Belle Il Online luminosity

Belle Il and Belle data sample

Exp: 7-33 - All runs

Integrated luminosity
. Recorded Weekly

o [ L Racordeq dt = 505.47 [fb™]
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Belle Il has collected 364 fb! @ Y(4S)

+ 60 fb! at different c.m. energies
Equivalent to BaBar sample and about half
the Belle sample.

Belle data can now be analyzed in Belle |l
framework. Many analyses use both

samples.
1200
Adapted from EPJ C74 {2014) 3026
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B factory basics/1 Ap — Ef - \/s/2

Signal

Vs = m(Y(4S)) = 10.58 GeV =~ 2my = -

B B background

constrained kinematics

©3 02 01 0 01 02 03
AE (GeV)

Expected AE ~ 0

different event shapes allow to
distinguish between BB and gq events:

%

plq) = 5GeV /c

ete” —qq (qe€{ud,s,c})
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My =T 75

Signal
Continuum
BB background

»2 522 524 526 528 53
My (GeV/c?)

Expected M, ~ my



B faCtOry baSiCS/Z Belle Il simulation

9000

= SR 0 J|

In each event one B meson can be used for tagging the flavour and 0 :ZZ . go: g:::;
the other as signal decay mode. = B, category-based

85000 . B°, category-based
Recently Belle Il developed the tag algorithm GFlaT, based on é 4000
graph convolutional neural network (GNN), using 25 variables for 13 300§
each track from the Btag decay. It improves by 18% the efficiency g
with respect to the previous category base tag alhorithm: o

£ag(CB) = (31.7 £0.5% 0.4) % ”
£,q(GFlaT) = (37.4 £ 0.4 £ 0.3) %

Precise vertex reconstruction of both B meson decay allows to
make time dependent analysis of CP asymmetries:

[y, (AD =T, (A7)

T(4S) —»

Acpy (A1) =

= S'sin(Am At) — C cos(Am At)

Iz, ;(Af)+15,(A?) Az = BycAt > T
S = indirect CP At = tcgp — tiag ﬁ,::
C =-A - directcp | S
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EW-radiative penguins:

BR, Acp and A,, of B2 K*

 search for B® 2 yy
e b>d®

* Evidence of B¥2 K* vv

Semileptonic decays:
e V,, untagged B> m/plv
« Updateof B> D*{ v

low multiplicity and t
 o(ete 2>t V)

* LFUin t decays

* T ppp

19/06/2024

Recent Belle Il / Belle highlights

b, c hadronic decays:

e BRofB > Dp

e BRand A of B 2 7"

* BRof =% - =0x0°, =%, =0’

* vangle Belle+Belle Il determination

Time dependent CPV:
¢ B> n K
¢ B> KymOy

Quarkonia and spectroscopy:

* Y(10753) rediscovery

* Search Y(10753)=2>® N,(1S)/%,0(1P)

e Energy dependence of ete> B(WB™

Will briefly present a personal selection!
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Impressive result production
rate in 2023-24:

29 published or accepted journal
papers + 11 submitted and being
reviewed (18 months! More than
2 paper per month on average!)

More than 15 new results
targeting ICHEP 2024 |



B hadronic decays
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Branching fractions of B*=> D° p(770)*

BT — Dp*: test heavy-quark limit and factorisation

models [Nucl. Phys. B 501, 313 (2000)]
WA BF: (1.35 £ 0.18)%; driven by old CLEO measurement
[CLEO, PRD 50, 43 (1904)]

- Very large (14 %) uncertainty

Signal extracted from fit to AE
e Challenge: separate B — D'p( — z7") and
non-resonant B — D"z 7" component

- Fit performed in bins of helicity angle (cos 6))

ABBt — D%*) =(0.939 +0.021 £ 0.050) %

2xbetter than previous world best.
Systematically limited by ni° efficiency accuracy.
Result very useful to improve hadronic tag in missing energy channels
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Candidates per 10 MeV

Candidates per 10 MeV
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B—> 1Ol

Previous result (PRD107 (2023) 112009) updated with full
Run 1 statistics, new flavour tag (Gflat) and reduction of
systematic uncertainties.

Bckgr mostly from continuum and B*=>p*n® ; BO>K.n®

Photons selected with BDT, continuum suppression trained
on data off resonance.

Extract signal by simultaneous fit to AE, M, , continuum
variable, wrong tag probability.

BR=(1.26+0.20 £ 0.11)x10°
Acp =0.06 £0.30 £ 0.06

BR world best, A, same as world best
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Candidates per 0.8

Belle Il preliminary
I Ldt=3621b"

0 0 Of 70
IB —+7r7r|

Candidates per 4 M

Normalized
residuals

Normalized

Candidates per 32 MeV

Belle Il preliminary

J.Ldt=362fb’

Candidates per 1.0

ized

Normalized
residuals
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Belle Il preliminary
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Continuum




Belle + Belle Il determination of ¢,/y angle

SM benchmark — very reliably predicted (1077 relative)

Tree level decays — no (large) BSM DOK-
e Access via interfering decays to same final state @@m \

* D decay strong phase from Cleo-c and BESII| _
B~ [f1pK

Several methods used:
e GLWB*— DOCPK’—’ arXiv:2308.05048 [hep-ex] 0
DK~

Use CP eigenstate of D meson
« ADS PRL 78 (1997) 3257
Enhancement of CP violation by using doubly Cabibbo

o (B = DK-)

suppressed decays. — 5 i)
« BPGGSZ D? — Ksh*h- JHEP 2022(2022), 63 of favor. (B‘ - DOK—) -

Different amplitude and strong phase in different region

of Dalitz plot.
+  GLS DO—KgKm JHEP 09(2023)146 rg and o are mode dependent
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Belle + Belle Il determination of ¢,/y angle

B decay D decay Method Data set First combination of all Belle+ Belle Il
BT — Dht D — KJh=ht BPGGSZ 711+ 128 [JHEP 02 063 (2022)]
Bt - Dht D — Kln atn® BPGGSZ 711+0  [JHEP 10178 (2019)] | :p ~1: : :
BY Dbt D K00, K- K* GLW 711+ 189 (030805045 !_lkellhood with 60 mpgt observables,
B* 5 DRt Do Ktn Ktaoao ADS 40 o 106231802 (2011)|nclud|ng 15 auxiliary inputs
Bt - Dht D KK nt GLS 711 4 362 zD-decay), 16 free parameters
Bt 5 D*K*+ D Krrt BPGGSZ 605 + 0 HEP09(2023) 140]
D — K% KV, Klw [PRD 81112002 (2010)]
+ * T+ 8 yfrg Py g
BT = D*K K—K-l-? ot GLW 210+0 [PRD 73 051106 (2006)] - Belle + Belle IT (2024) preliminary
I BPGCSZ
L sk I BPGGSZ and GLW
BPGGSZ and ADS
0.16 R B All decays
\
+3.4 0.14 F
Result compatible with HFLAV WA: ¢, [y (°) = 66.2737% En

N

$,=(78.6£7.3)°

0.06 + contours at 68.3% CL
L

Valuable single experiment determination.

x
T

0 20 10 60 80 100 120 140 160 180
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Time dependent CP violation
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ﬁ A gluonic penguin: B 2 n’ K

S

=

=

0.5

=
wn

=
=

Precision comparable with Belle/BaBar

in spite of smaller sample -
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arX|V:2402.03713 1(0,0) (1.0)
/ Belle Il Preliminary [cdt=362fb! Belle Il Preliminary [edt=362 fb?
TWO SUb-ChannelS ’7 — nyyﬂ:x? py ~ 60 | — Fit = Signal > 150 — Fit I Signal
. . . ) -- Continuum WM SxF [4F] -- Continuum W8 SxF
Signal extraction via fit to AE, M, . and = 50| - o8 t pate = 100 -~ 88 t et
. . - - 40k ' — nyy)n n” y gof N = paTET)y
continuum suppression via dedicated BDT p | e
o o ©0r
« Bkg At shape from sideband 8 8 o} y '\
 Bkg asymmetry included in the fit & a0 A
0 " —
» Validation on control sample BT — n'K™ © g| ] © zi .
= ~>"0.06 —0.04 —0.02 0.00 002 0.04 = 006 —0.04 —0.02 0.00 002 0.04
AE [GeV] _AE [GeV1
S = 0 67 = O 10 x 0 04 ., Betlen Preliminary fede=362 o _,_Bellen Preliminary [eae=362 fo-:
) _ ’ T ) n B = n'( = ny,nmKs Background L. B - n'( = py)Ks Background
=50 0 pa o +¢ Bta
C=-0.19+0.08 + 0.03 poL e -
HFLAV:S = 0.63 = 0.06, C = —0.05 = 0.04 fé” %ﬂ
ém ; ;: 5 50
g
£
E

symmetry
=
]
@
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B > K, %y

Expected to have small mixing induced CPV in SM, due to helicity suppression of b>s vy, (B = sy, and B - sypg)
—> Sensitive to NP

B vertex with no charged tracks reconstructed from K.t~ with beam spot constraint
Recontructed separately for resonant channel K¥*0>K.n® and non resonant K.t°
Signal extraction from combined fit to AE and M,

80 100
- Belle Il (preliminary) ¢ data Belle Il (preliminary) ¢ data
F [Ldt =362 fb~! — fit g0 | JLdtT362 bt — fit
% 60 | { XY signal ﬁ I S signal
O resonant [fed - BB O Rl BB
o~ 50 | - ™ 60 ot -
o qq o -~ qq
© 40} =
by i S— -
= 5 a0l o U |
£ 3o[+ 2 L
® 50 T g NON-reSONaANT==:p- N
L ; T \\\\ + W 20k -\ """
a0 ALAAAR NN
Y S I N B S NI\
-0.4 -0.3 -02 -0.1 0.0 01 02 0.3 -04 -03 -02 -01 00 01 02 0.3
AE [GeV] AE [GeV]
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Time dependent fit:

.0 resonant 0 Non resonant
2  Preliminary _j:_ S o | Preliminar _‘_;f_ o
< [ Q 20f
s | / c 10} ‘
Q10 ¢
o /a8 ! + T T
0 ' . 1 > 0 ' B S 1 >
+ 2 | + " %
I 10 e _'_—l— + —— 0 =
R + 4+ 11§
~10 5 0 5 10 1< ~10 5 0 5 101 <
At [ps] At [ps]
—_ +0.274+0.03 _ +0.45
C=0.10x0.13%+0.03 C=-0.06x0.25+0.07

World’s best result depite lower statistics, thanks to better acceptance and bkg suppression
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B semileptonic decays

A.Passeri - Belle Il results - QCD@Work 2024
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I signal a Xatw Slgnal x2

|Vyp| from B> wévand B> p°&*v "0, St 2k, wie
BYsm ity == gt B Continuum

s> 5[ Preliminary

Untagged reconstruction with full Run 1 statistics.

107 Events | Bin

Build up BDT discriminator to suppress B->X_¢ v and continuum.
Require kinematical consistency of rest of event with B decay.
Require p; () >1GeV and p; (K) > 1.4 GeV.

—0.75 -0,50 —0.25 000 025 050 075 100 125

Extract signal yields by combined fit to AE, M, _in 13 bins (n AE (GeV)
mOde) + 10 binS (p mOde) Of q2 I Belle ll = Signal 1 Xulw Signal %2
6 _ Jeot=3641b"1 E tl;:;rr;bsignal : i::.:r ab m;zf. g;:nc.

5 — Preliminary

B(B® - m*lv) = (1.516 +0.042 4+ 0.059)x10~*
B(B* - p°lv) = (1.625 +0.079 + 0.180)x10~*

10* Events / Bin

Consistent with WA

a
5,100 5125 5,150 5175 5,200 5225 5,250 5275

MbC (GEV) B
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|V,,| from B> tdvand B*> p®&tv

Vub extracted by fitting BR(g?) assuming FF parametrization (BCL for 7, BSZ for p) and lattice or light cone sum rules

calculations. B® = mtlv dB/dq? with LCQD

B° - ntlv dB/dqg? with LCQD+LCSR

BT - p°lv dB/dq? with LCSR

| Belle ll IEdI=354fb_]‘ | Belle Il Iﬂdt=354 fp—1 14 :-B'E"'E n Bt = pity
— 8l ] Bty — sk I B ity 12 :_fﬁo‘t= 364fb~!
3 | 2 | S 1o
O el O el G
o : o : o B
}E‘ 4F g s }E' 6
T | T | Lqco+Lcsk T 4f_
T2 T 2fF — BCL 30 7 LCSR
T I T [ mm o i Data T 2 — BSZ 20 | Data
I 20 [ ml 1o 30
g, ] ] 1 ] ] 0g, ] 1 1 ] ] ) o IS T T PR AP S S I
0 5 10 15 20 25 0 5 10 15 20 25 0.0 25 50 7.5 100 125 150 17.5 20.0
2 2 2 2 2 2
q* [GeV?] q* [GeV?] g* [GeV?]
AT T T T T T T T T T T ]
(’T 46 :_ Exclusive IV | AX: = 1.0 contours _:
’ (-] : E - Inclusive E
Vb B=smew, = (3.93 £0.09 +0.13 +0.19) x 1073 TLoaap T e
LQCD stat SySt theO T 42 — — e —+— -
- - HFLAV Average ]
> 4F i =
Vab| B mew, = (3.73 £0.07 £0.07 £ 0.16) x 103 15 - :
) o o =
LQCD+LCSR 3 E
Sy L 3.25 f
V| B=sptwy = (3.19 £0.12 £ 0.17 = 0.26) x 10 §3 v E
e e e e e e e o | 202 ] 4
LCSR 28 PG =89%
-I L I L 1 L I '] L L I '] L L I L L 1 I I-
36 38 40 42 M
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New LFU limits: R(D")

. BB — D*1v)
R, =
E B

(B = D*¢v)

Use 189 fb-! with hadronic tagging.
Extract R(D*) from 2D fit to missing mass and residual
energy in ECL:

*\ +0.041 +0.035

R(D*) = 0.262 Zqg3q(stat) T gz (syst)
arXiv:2401.02840

Result consistent both with SM and WA.

Stat error comparable to Belle. Syst dominated by MC stat
and PDF shapes.

Analysis to be extended to full Run 1 dataset. R(D) also

D

N

m

orz(e,u)

£(eoru)

[..y U
T~

/ .
>V

~a

na T %~ pe

Hadronic Tag

4

(10%) decay chains I
e

0.3
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e

— -

Signal Side

\D
K
YT[

Y . T T T T T T T
N HFLAV
L\ Woiona 202 | Belle*

\

"7 68% CL bontours

BaBar

— LHCbK® =
- Bellell .
B Belle” < 7 \ 7
B b
- LHED LHCD*
B ICH i
o World Average -
—  JHFLAV SM Prediction RD)=0.341 =006, =
B R(D)=0.298 = 0004 RD*=0285 =0012,, o
- R(D*) = 0254 = 0005 p=-0.39 .
- P(y) =29% -
1 I 1 1 1 L I 1 1 1 1 I 1 1 L 1 I 1 1
02 03 04 05
20 R(D)
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Electroweak and radiative penguins

A.Passeri - Belle Il results - QCD@Work 2024
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i . . arXiv:2311.14647
Evidence forB* = K*v v accepted by PRD

* Reliable SM prediction, never observed before, possibly affected by NP (ALPs, dark scalars, Z’, leptoquarks...)
* Experimentaly challenging for the 2 neutrinos in the final state
* Use two complementary B tag approach: low purity-high efficiency (0.8%;8%) and its opposite (3.5%;0.4%)

ITA P HTA e
Event selection by combining signal kaon, event e T B e Teosnoterse N
topology, rest-of-event info in MVA classifiers B~ B~
S1g sig
Background from continuum, semileptonic B :
decays, B*->K*nft, B+>K*K°K ©, pion fakes, € €
B%XC(QKL"'X) 1) Reconstruct

B, inO(10k)
channels:

Signal efficiency and backgr estimation corrected
and validated using a variety of control channels

Tracks Displaced Vertices Neutral Clusters

+
Rest-of-event S e— ] K

2) Select signal K*.
1) Select signal K* that minimizes g2 (K™ recoil). ) gna

; + +1K0
Closure test by measuring BF(B 2 'K ) 2) Identify rest-of-event object (includes all £

mi 55) . Comput Softw Big
Sci 3, 6 (2019)

Low purity (0.8%), high efficiency (8%) High purity (3.5%), low efficiency (0.4%)
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Candidates

Pull

Candidates

Pull

Perform binned maximum likelihood fit

o Inclusive tag: in bins of g% and classifier output

o  Hadronic tag: in bins of classifier output

Signal discriminator

|Inclusive

0.92 0.94 0.96 0.98 1.0
3000 P :
3 Belle IT preliminary pmmm B+ —K " v
P Ldt=(362+42)fb"" —— BORY
2000 : : B BB~
H Continuum
{ Data
1000 :
0
5 C
1 S S - -
-5 - ] ! i | ] i | | 1 ] ]
-1 4 8 25"—1 4 8 25”—1 4 8 25”—1 4 8 25
Trec [GeV? /]
BeHgIIpnﬂhnhuwy B+ 5K *up
- [ Ldt=362fb"
100 ’
50
0
5
U
-5 . 1 1 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9

Signal discriminator

Evidence forB* 2> K*v v

Combined:

Inclusive tag: BF = [2.8 £ 0.5 £ 0.5] x 107
Hadronic tag: BF = [1.110:9+08] 10>

—0.8-0.5
BF =[2.4 £0.502] x 107>

3.

5 o excess, 2.7 o from SM

x;le_]ra.ge

N

Belle II (362 fb™!, Combined)

2.44+0.7 This analysis, preliminary

Belle II (362 fb!, Hadronic)

1.1+1.1 This analysis, preliminary

|

Belle II (362 fb!, Inclusive)

2.84 0.7 This analysis, preliminary

|

Belle II (63 fb'!, Inclusive)

)

C

1.9+ 1.5 PRL127, 181802

Belle (711 fb, Scmileptonic:):k

10406 PRD96, 091101

° Belle (711 fb"!, Hadronic)"

3.0+16 PRDS7, 111103

Babar (418 fb™t, Combined)

0.8+0.6 PRDS8T, 112005

Babar (418 fb™!, Semileptonic)

02408 PRDS87, 112005

Babar (429 fb™!, Hadronic)

g T

1.5+ 1.3 PRDST, 112005
l . . l . . . ]

10°x Br(BT™—K " vp)
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Home-cooked comparison

*Belle reports
only upper
limits.

Wea calculate
BF ourselves

2 4 6 8 10
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vs
+

Candidates / (4 MeV/c™)

Candidates /[ (4 MeV/c®)

A radiative penguin: B(0*) = K*(04)

« Reconstruct K* - KT 7™, KSEO,KJ’JIO,KgﬁJr.

+ Classifiers to reject boosted photons from asymmetric

i’ = yy and n — yy decays, and continuum events. h—

» Fit to M, . and AE to extract yields.

=
BO B[B" - K*'4] = (4.16 £ 0.10 £ 0.11) x 107°,
400 1000 :
i + Data 0.+ S 4+ Data K+ﬂ'_ —
[ Belle I —Fit KSH 7 2 200 [ Belle t —Fit ’ B[B+ — K*+’)’] = (404 +0.13 &+ 013) x 10 5,
app | Preliminary —_——B =K ‘[K:ﬂ_’rh g, : Preliminary —=B" = K'[K'tly
r _ -+ ==== ] Background o | - -t ==== (jff Background
z{m: ,[Ldt 362fb -BE Background %5{}0 :— .|-Ldt 362 | ] BB Background ‘ 'l. ACP [BD % K*O’-y:l = (_3.2 :I: 2.4 :l: 0.4)%)
[ ;".\\ Lﬁﬁfmﬂ:— .ili \ + ot
oob f | ; , \\I AOP[B — K ’y] = (—1.0+ 3.0+ 0.6)%,
— S S Y }f_'- \ 200 et -?;" ".\
ol ol S AAcp = (2.2+3.84+0.7)%, and
5.23 5.24 5.25 5.26 527 5.28 5.29 5.23 5.24 5.25 5.26 5.27 5.28 5.29
M. [GeV/c? M, [GeVic?]
200 . s Agy = (5.1 + 2.0 £+ 1.5)%,
[ + Eﬁta K +7I Y E i K;‘] T 0}! ¢ Data
[ Bellell —Fit o | Belle — Fi . .
200[ Preiminary  — B, KKl | Preimnay T e  Consistent with world average and SM
L _ -1 === ] Background 2100 _ 1 === ¢jg Background . . . .
: Juatsso2t I BE Background . [ Jia-se2m B BB Background * Similar sensitivity as Belle despite smaller sample (thanks
200 - g [ . . . ..
: S mainly to improved AE resolution, K° efficiency and
r 50 . .
100 LA SRASRE R NN continuum suppression)
- i o . ies statisticallv limited
- . o \ : ! ries statistica Imite
[ : e 527 528 520 %Meewa YY) e = 0_IS results Qcmm%gz y 24

M, [GeVicT] AE [GeV]
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New LFU limits: Ru

R — B(t— — p v,v;)
Bt = e by)  Signal side:eorp Y
* Tagside: 1 charged hadron + >1 ©° "
7= e Bkgr suppression via NN
In) _ R;_.-. f(me/mz) *  94% purity, 9.6% efficiency
i f(mz,/m3)
R, obtained by binned ML fit to lepton momentum distrib.
Main systematics from PID (0.32%) and trigger (0.10%)
x10° ‘ BTelIellyPrelirIninary(ZOZ}) 6 x10°_ , Bglle II' Prelir'ninar)'/ (202'3)
- L signal (u* 777 Uncertainty | - mm signal (e*) 7/ Uncertain —
5 gocs':f’f'i‘t“e' it Rl : ;;S*;?f'i‘t“e' L el e R,=0.9675 = 0.0007 (stat.) £ 0.0036 (sys.) and
4 mm other (h) [ Lot = 3616 ] : m= other (h*) [Ldt = 36167 |3H/3€|T =0.9974 + 0.0019
¥, v, » Most precise test of u-e universality in T decays
f 3 "
0 _— > Consistent with SM at 1.40 ;
1.005 | 8 1005 ' s
1.0 44 E 1.0 *_* *«*.**..4*..* + % #_ % *%}” 1 Z
0.995 = &z @ 0.995 : T1
15 20 3 236& 35 40 45 50 8 15 20 25 3A9Pas3sén ”B%l #13esdf - QcD@Work 2024 26
U= can date momentum [GeV/c] e* candidate momentum [GeV/c]



Limit on T =2 pup

Signal side: 3 muons AE3y = Eq sig = Epbeam VS M3y,
Tag side: up to 3 tracks =" 0.4 Bellell (Preliminary) 55 SR
EB " Data: [Ldt =424fh ! — 204 SR
Background reduction by BDT F oal Sidebands
e I #+ Data
-

2D signal region: € = 20.42% x3 larger than Belle
Expected Bckgr 0.5 events (estimated from sidebands)
- 1 event observed in signal region.

* No significant excess found in 424 fb? of data

* Obtained most stringent limits at 90% CL

> 1.9x10%on B(t = pup)

UL at 90% CL on B(T — 3u)
Belle 2.1 x 107% (Lipe = T82fb7 1) e — =
Better limit with smaller BaBar | 3.3x 1078 (Lin = 468fh 1) ' | ‘M, [GeV/c?]
dataset thanks to the more C'MS 2.9 % 1078 (Lint = 131{13—1)
inclusive tag technique LHCh 4.6 x 1078 (Lipg = 2.0~ 1)
(3-prong vs only 1-prong) Belle IT | 1.9 x 1078 (Lins = 424fb~ 1)
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R(s)

_ o(eTe” — hadrons)

olete = utu—

0.1} -
0.01F “
0.001
0.0001 )
(n
1e-05
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Vs [GeV]

Used a 191 fb! sample

c(ete 2> n)

arXiv:2404.04915

Is the second largest contribution to HVP below 1 GeV.

HVP: hadronic
vacuum
polarlzahor}!

HVP produces the largest uncertainy in
the prediction of the muon (g-2)

Measured at Belle Il exploiting ete— — ntn~7%v15R
- Scan the region 0.7 <+/s < 3.5 GeV by ., reconstruction

S
V]
Kinematic fit with beam momentum %
constraint to suppress background N
=]
Signal efficiency 8.8-6.6% over the <
studied mass range g3
£

Control samples to measure residual

background

_ — 0 — —
ete” - KTK 7'y ete” = mta nOnly
- - o
70 £ Belle If PrellTlnary } Data E___‘:’. 400 Belle Il Preliminary 4 Data
co | JLdt=19110 WK 8 350 4 Jdi=191 1" mn'mn’ndy
K"K n% control sample ity — 300 |’ 4ry control sample  [n*n'nly
50 o
o 250 [[]Others
40 g 200
30 > 150
20 = 100
10 5 %
0 e 0
2 f f S 15 .
1 T Y00 'I"l"l'l R § EWE I aE 1 }r ﬁHﬂH# "*+"+Hﬂ'+'“"*u+*i+v«°‘"**+~"'m"”*l."«
et L T AT I 08 AL e
Qs 5 TE 3 5E 3 3.5 06 07 08 09 1 . 11 12 13
M(37) (GeVic?) M(3m) (GeVicT)
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Entries (/ 25 MeV/c?)

c(ete 2> n)

n¥ reconstruction efficiency measured from o resonance decays:

N (Full reconstruction of yrsgp 777 m°)

1% accuracy reached.
Main contribution to the systematics.
Not yet competitive with BaBar

Ex0 = : .
" N (Partial reconstruction of yrspr w+m—)

] :_Beﬂe Il Preliminary
10 §J‘+L”;:m191 o Integrate over 37 cross section from
s Dy S0 ) 0.62 — 1.8 GeV (Preliminary):
KK P o
,[Eonsman i [aﬁ%_ﬁg_l_g % 1010 = 48.91 % 0.23ctas. + 1.0753,%_]
) T
2| M 'i 6.7% or 2.50 higher than current global average,
! R obtained from BABAR, CMD-2 and SND
0 = Slighlty smaller a,, anomaly
1t riﬂf Leading systematics are 7° efficiency and

0.60.650.70.750.80.850.90.95 1 1.05 missing NNLO in generator

2
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Integrated luminocity [fb~1]

Rediscovery of Y(10753)

T T T T T T T T [ T T T T [ T T T T [ T T T ]
St 0.8 bt & Anew energy scan performed by Belle Il to fill
9 ] gaps in previous Belle scan, for a total integrated
g E luminosity of 19 fb!
4.7 o~ ] Reconstructete™ — wTw~ Y (nS)(— ™)
= 3.5 fb? . S E-
1.6 fo-! 4 z sé— iaeuenala.nvnfa T(1S)
| .E ;_-_Z g Balle Il date, zrY{15) 4.10_
1860 10.65 10.I7o 10.75 . 10.80 lﬁas 8 E © Belle + WL
Ecm [GeV] = £ eBellell
@ Dzé— n + . I
= ot
e Observation of the 77 (10753) in agreement with the Belle measurement z ;_ o T(25)
g e - 750
M(T(10753)) = 10756.3 £ 2.7 + 0.6 MeV/c? s
(Y (10753)) = 29.7 = 8.5 = 1.1 MeV :E F g
e T°(1S): M(7™ ) distribution is consistent with phase space z : Ta——aEd ’
e 1°(2S): M(7™ 7 ) large values are enhanced (similarly to 7°(2S) — Y (1S)7 7 ) § cE T 020
e No signals of intermediate Z," (10610 /10650) resonances are observed 1: ) %‘ +

Cantar-of-mass anergy [GeV]
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Search Y(10753)->® 1n,(1S)/%0(1P)

Y(10753) tetraquark interpretation predicts a strong transition to ® n,(1S) compared to Yn*n~

Reconstruct ® = nnn® and look for a peak in the recoil mass distribution

wnp(1S) wXbo(1P)
o o <10°
v S 40000f- S 1200
- Q = 4] -
oleTe” — wxpo(1S)) < 8.7pb S somp- —Da S oo
J(E+E_ — Ld??b('IS)) < 2.5pb S 250007 & 80—
§ 200000 § oo Belle Il, 9.8 fo
T 15000F- Belle II, 9.8 fo B F ——Data | =10 7
2 10000 s = 10.745 GeV 3 405 — Tolal 1s=10.745 GeV
© 50002— 20F
2 0L — s | 2 15025 —Ix;m;hﬁ]'
. .o . mEEEEEE 1, (1S) upper limit o - e limi
No significant signals observed B ’ = jpof el ERETL { ||
. 2 2000 - -
= Tetraquark model is not supported 3 8 soop o i
il C Z 0 .
g 200 } r:; 500 \ \
g 400 ’ 8 ~1000F-
D'SUU:_..... T P T T T | —15005—
92 925 49 935 94 945 95 8955 96 9,78 9484 9482 984 986 9.88 99 992 994

M

recail

() [GeV/ic?)
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Energy dependence of ete> B*B®™

3 Belle ® Belle |l BB

# The obtained cross sections at four energies are consistent
with the Belle results.

I
i Solid Belle+Belle 2 fit BB*
P o(ete” — B*B*) increases rapidly above B*B* threshold i E Dashed Belle fit

4 Similar phenomenon was observed near D*D* threshold.

@& Possible interpretation: resonance or bound state (B*B*
or bb) near B*B* threshold

@ Inelastic channels [z#777 Y (nS) and nh,(1P)] could also be 0.2
enhanced. Need more data to study these transitions.

0.1

10.6 10.7 10.8 10.9 11 |
E.. [GeV]
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Conclusions

Belle Il and Belle hold a unique data sample from which a number of interesting
measurement has been already performed in different fields: CKM and CPV,
tau lepton physics, QCD, dark sector searches.

Many more measurement are in progress.

Belle Il has restarted collecting data for its Run 2, in close collaboration with the
SuperKEKB team, aiming to significative increase of its data sample in the next

few years.
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PRD 109, 012001 (2024)

B> nn

~1500 B> #'*a

b3

7

~900 B*— #*2°

RO0 | Belle Il ---- B'sn'n +c.c. w0 ' Belle Il -—== Bt ntn®+c.c.
&, - [Ldt=362 fb-? mm 5°-K'n +c.c o Sop | JLdt=362 b7 mm 5Kl +c.c.
@ 600 | Background v mmm BB background
= [ = Continuum background
(@) o 150
— —
~— 400 ~
-8' L T : ; f [} 4 -‘% 100 N
& 200F b O 5
I 0
0 s
= 25F 5 43k
5_2'5;__‘ = R L = Q—ZSO_ . L Y PR | (I (N PO | S | gy
........................ N ) _3 _0'2 _0.1 0_0 0.1 02 0_3
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20
AE [GeV] AE [GeV]
0 - -6
73(80—> ,7[+_7‘[') — (583 $£092 & 017))(10-6 73(.71’ T ) (510 +0.29 + 032)X10

world’s best

i (7*2°) =-0.081 £ 0.054 + 0.008

e Compatible and competitive with WA
e Modes with z°limited by #° systematics: will be reduced with more data
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B? - atl~ v,

Form factor Bourrely-Caprini-Lellouch (BCL)

param. Phys. Rev. D 82, 099902
Theory LQCD Eur. Phys. J. C 82 (2022) 869
prediction

LQCD + LCSR JHEP (2021) 36

B~ - pl v,

Bharucha-Straub-Zwicky (BSZ)
JHEP (2016) 98

LCSR JHEP (2016) 98
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