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| Belle and Belle Il Datasets

* Belle (1999 - 2010) In March 2026

¢ BE"E " RUN'I (2019 - 2023) WORLD RECORD: 5 2)(1034 Cm—zs—l
« Belle Il RUN-II (2024 - 2026)

Belle Il Online luminosity Exp: 7-42 - All runs o
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Integrated luminosity of B factories _ | mmm Recorded Weekiy
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199871 2000/1 200271 2004/1 2006/1 2008/1 201011 201211 Most data at or near the Y(4S) resonance, and 19.6 fb~1 near Y(10753)
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Outline:

X(3872) - 1% (1P) -

Charm / Charmonium
spectroscopy

ISRofe*e” > h*h7J/Y (h=m,K,p)
D (2317)" — D5y -

e'e” > Yj(1D)nande'e” - Y;(1D)n" ™ -
ete” = WXp1pz and eTe” = (M M) pon_wXbipz | BOtomonium

spectroscopy
ete” - nY(1S,29S) _
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I X(3872) — “OXc](lp) [arXiv:2606.24578, submitted to PRL]

Motivation
> X(3872)
« Observed in m*mt™]/y by Belle in B* decay [PRL 91, 262001 (2003)]
* Its nature remains unclear
» The pionic transitions X(3872) — noxcl(lp)
» Sensitive to its internal structure [PRD 77, 014013 (2008)].
 As acharmonium 23P; state: expected to be weak
 for example, ['(23P; = xc,°)~0.06 keV
e J=0 mode is further suppressed, T'(23P; = Xom°)~0
e [:17:1,~0:2.7:1
* As a four-quark/molecular state: greatly enhanced and exhibit comparable rates
e T,:Ty:T,~2.88:0.97:1
» Other theoretical papers also studied these decays and calculated the partial widths, ratios, and rates to X(3872) —
ttm”] /P [PRD 78, 094019 (2008)][PRD 79, 094013 (2009)] [PRD 100, 094025 (2019)] [EPIC 81, 193(2021)]
> BESIII ever observed the X(3872) — m%x.; [PRL 122, 202001 (2019)], but Belle did not [PRD 99, 111101 (2019)]. No signals for

X(3872) = 1Yo,z in experiments [PRD 105, 072009 (2022)].
Recent quarkonium(-like) results at Belle Il
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Xc12 = YI/Y(ETLT)

Fit to data o KK KKK K

Events/5 MeV/c?

* Fit strategy: For each X, unbinned simultaneous fit to all M(nOXC]) spectra
from different reconstruction mode in Belle and Belle |l
* For each spectrum, Signal shapes: fixed to signal MC
* Yield: Relative signal yield to total one is fixed as expected
 Backgrounds: 2" order polynomial for ., straight line for x¢; 2

> Fit results

Events/5 MeV/c?

* First evidence of X(3872) — m%y: 23.718.1 events, statistical
significance 3.60, systematic significance 3.4c0

* Total yield of X(3872) — nOXC]: 46.7+11.5 events, significances of
4.30 (3.90)

* No significant signals for other modes are observed

«  90% confidence level upper limits: fOXULL(X)dX/fO+O°L(X)dX = 0.90

* The fit procedure has been tested using mock data and toyMC methods

Events/5 MeV/c?

Recent quarkonium(-like) results at Belle Il

Belle + Belle II preliminary [Ldt=1.2 ab™ '

(a) ¢ Data: J=0 — Total Fit
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Branching fractions

* I}j/Tqnyyt Importing previous Belle measurement B(B* — X(3872)K*)xB(X(3872) —» nn~]/{) =
(8.63 + 0.82 + 0.52)x107° [PRD 84, 052004 (2011)]
* /Ty =23 £08+£04, 11 /Ty =03%£0.2%0.1, I/l = 1.0+ 0.4 £ 0.2
* 90% CL upper limits: I' /Ty gy < 0.9, I/ Ty gy < 1.8
o [y/I1, I /I,: Lower limits at 90% credibility level
e [/ > 26, Ih/IL>1.3
* Combined with previous BESIIl measurement: I'y /Tt 1y = 0.88%0-33 + 0.10, we obtain Iy /T, =
2.6 + 1.5, where uncertainty combined from statistical and systematic ones in both experiment
. B(X(3872) — nOXC]) determined by importing PDG average B(X(3872) -» nttn~J/y) = (4.3 + 1.4)%
« B(X(3872) = 1% 0) = (9.9 + 4.8)%, uncertainty includes statistical, systematic, and one from
PDG BF
e B(X(3872) - m%,q) < 3.8%, B(X(3872) — n%.,) < 7.6%, at 90% CL
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Results

Belle + Belle II preliminary [Ldt = 1.2 ab~?!

@ This work (1.2 ab")(a) O cstate 1,=0)  (b) (c)
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This work
BESIII [12]
Dubynskiy [8
Dubynskiy [8
Fleming [9]
Dong [13]
Zhou [14]
Wu [15]

[arXiv:2606.24578]

A comparison on (a) I‘O/I‘n+ﬂ—]/¢, (b) Iy /T, (c) [y /T5
Our result disfavors a pure charmonium interpretation

« T(X(3872) - 1) should be zero as x.;(2P)
Consistent with most of predictions with molecular scenario
Absolute BF of X(3872) — m%x,, at (9.9 + 4.8)%, might be

the largest hidden charm decay mode up to now

[8] Phys. Rev. D 77, 014013 (2008)
[9] Phys. Rev. D 78, 094019 (2008)
[12] Phys. Rev. D 105, 072009 (2022)
[13] Phys. Rev. D 79, 094013 (2009)
[14] Phys. Rev. D 100, 094025 (2019)
[15] Eur. Phys. J. C 81, 193 (2021)



I ete”™ »> h"h7J/¢ (h = &, K, p) via initial-state radiation (ISR) at Belle Il
JPC=1--

Adavantages of ISR: @ Disadvantages of ISR: @ ¥ Y

* Allows to study energies below E_ , * The effective integrated luminosity

* Wide energy range available decreases as the c.m. energy decreases

e Measure more precisely the line-shapes * The detection efficiency is also smaller

. . . The first ISR result at Belle II! latali=tatelacialion
e"e” »>m n J/P via ISR: PRD 113, 112010 (2026)

Belle 11 Ldt=4279fb"

Events / (20.0 MeV/c?)

PR —
el Jua-amom s Jaeen ;20_ “:“() E
ah o, & ] 5o @ 4 2 R
205_ M iR | % 50— ; lilmu - _ %12 +
W”*ﬂ i 4{. .il*ﬂﬂ*h{ﬂ it | B i; OWW lﬂh{#l ‘;?_l;l?l,&hﬁﬂmu{m,mim‘m,;w : j ' + —
! M(n;-js/w) [GeV/Scz] > 4 N vE ‘%s_u 395EI s — _‘4_::'

M I/y) [GeV/c?]

* We can see the Y(4008) evidence and Y(4260) signal.

* The significance of {(4040) is 2.00. There seem to be two peaks

(Y(4230) and Y(4320)). 9



I e"e” > h"h7)/¢ (h = ., K, p) via initial-state radiation at Belle Il

te™ - ppJ/P via ISR:
PRD 113, 112010 (2026) e"e” — ppJ/yP via

ete” » KTK™J/y via ISR:

The cross section for ete™ — P_p is estimated
to be < 0(0.1 pb) [PLB 872 (2026) 140007].

Belle II Preliminary _[Ldt =4279 o'

Op,p, (€te =K KJY) (pb)

|
|
|
|
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|
|
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~ ; o) = . . I > - (C)
Bellgt I e 2 8—_¢ BESIII (2022) ¢ This work —Fitresult | | é’ -
: o 1 5 [--vemo)  -vasoo) --vario) |1 o T ]
10_— I  Belel (b) ] g _ : § I
i Il ;elle+BeIIeII ] (:,cn)) : E 2__ J_ —I- .
g ° 18 - U -
t * A ] S B | 11 P
[ ‘ j Hi ﬁ % l 1 9 : 5 5.5 6 6.5 7
of--} l f .}': L. 4..-.f:..-iJ.‘f-s;-.%;ili_gé-&‘.u § 1 M(pplhy) [GeV/c?]
! + ﬁ((s}eV) > ° : Belle II Preliminary ILdt:427.9fb"
| %3_""1""|""|"'
| g v 1 Bellen (©)
: |§- 2:_ ¥  90% C.L. upper limits _:
. R
* No clear signals were observed at Belle II. Lol . :
* More data are needed. L= l [ e |
I bﬁg i l {:lr!l I ¢ IIII I lx:
| 5.5 6 6.5 7
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| First observation of D (2317)* — D3y PRL136,241901 (2026)

Mass of D5,(2317)7 is much lower than the quark

D*,(2317)" DECAY MODES
Dz,(2317) " modes are charge conjugates of modes below.

Mode Fraction (I'; /1)
Iy D70 (10015, ) %
Ty Dt~y <5 %

T3 D*(2112) "y <6 %

| Dfyy <18 %

s D (2112) " 70 <11 %

T Dt <4x1073

Iy DinOzn0 not seen

Scale Factor/
Conf. Level

CL=90%

CL=90%

CL=95%

CL=90%

CL=90%

298

323

323

194

205

P(MeV/c)

<

v

model predictions of the lowest ¢S mesons with
]P — 0+

molecular states
guark-antiquark configurations
tetraquark structures

mixed states

Partial decay widths:
unique in discriminating between various models

The D((2317)" - DI n® was first observed by BaBar in 2006 [PRL 90, 242001 (2003)].
The D;;(2317)" — D;*y was searched from by CLEO, Belle, and BaBar, but no signals were found.
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| First observation of D}, (2317)* > Dty PRL136,241901 (2026)

 Target: D;,(2317)" - D5y
« Control channel: D}((2317)" - DIn’

B *0(2317)" — DiMy)

 Using all Belle data (983 fb-!) and Belle II data (427 fb™!) B(D:O(2317)+ — Djno)
<= g~ 1500 ¢ Belle Data Total Fit
S [ - osteom 2 [ TouBKa [ Combinatoral BKa = [7.14 £ 0.70(stat.) £ 0.23(syst.)]%
§ sono - ié?s'::‘; E‘E?::a' oG (a) § 1000 (a) "] Dt Sideband s _
Yo} | =) n° Sideband Te) o\o -
= = S ¢ —— c§ state
n a o 30 —T
€ 2% T 500 = Molecular state
g g (S:U 25—
w m - L *  Exp:7.13:0.75
- 0 O e
P P | S - —" 5 ZF s | Experimental band
22 225 23 235 2.4 23 232 234 236 238 © -
M(D;r°% [GeVic?] M(D:'y) [GeVic?] L teE
L 10— E
N L SO ¥ Bellell Data Total Fit i -
° - _e— Belle ll Data K . Total BKG [ Combinatorial BKG 8 _—
o[ T e (b) | 3 = o) D1 Sidaband S s | :
= ol == (s ae = . @ o Pt
@, 0_ - | | | | L+ | | | | | | |
?9 1000 Hu Goap, e(})/o/a"égféholv(e Ba’degﬁessg‘i futz SLU&S /eeven
C
o . . . . ..
At The results provides important inputs to discriminate
=0 the nature of the DZ,(2317)™.
* %2 2.25 2.3 2.35 2.4

M(D;r% [GeVic?]

23 2% 28 236 5-382' For more details, please see Yubo’s talk
M(D;"y) [GeVic?]

D‘I‘.'n
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I BOttOmoniu m e Conventional bottomonium
(pure bb states)

'So ’S, Py *Po *Py *P, *D; * Bottomonium-like states
— Y(6S) (mix of F)b and BB) .
Y(55) * Exotic charged states (Z))
Thresholds:
e T |yeoss\ oo ____ s& | Uptonow,onlyone D-wave
I | O Zu0e50) . _ BB | pottomonium state, Y,(1D), was
i Y(4S) 3
10600 I e /]’l_c .OG.J;P_._._._._._._._._._._._._._._._._._._._B.B_._. observed.
Xb1(3P) Xb2(3P)
& 10400 | |yes) v/ ' In 2019, the Y(10753) was first
3 / b(2P) xo(2P)  Xe2(2P) observed in Tt~ Y (nS) final
E_' 10200 “ ¥y 2L states using Belle scan data [JHEP
? v nn Y;(1D
§ ool mes st \ n nap 1 10,220(2019)].
- h(1P) A ey BUL g Gt The Y(10753) was widely
9800 KK | interpreted as conventional
. bottomonium, tetraquark, or
3600+ hybrid states.
oa00 ] M) T VIS Belle 11 collected the data of 19.8
— - = o e - — fb! at /s around 10.75 GeV to
JPe study the nature of the Y(10753).
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I e+e— S5Y (1D)n and e+e— -Y (1D)1‘[+T[_ [arXiv:2607.04369,
] J i
submitted to PRL]
Motivation

* Up to now, only one D-wave bottomonium state, Y,(1D), was observed by CLEO and BaBar [PRD 70,
032001 (2004), PRD 82, 111102 (2010)]. The mass of Y,(1D) is (10163.7+1.4) MeV/c?.
* Belle studied e"e™ = Yj(1D)nand e*e™ = Yj(1D)n"n~ at+/s = 10.866 GeV in the recoil mass spectra of

n and tm~ [EPJC 78, 633 (2018), PRL 108, 032001 (2012)].

Dataset used in this work:

e The Y](ID) mass have been predicted by theory. However there are no reported NI

experimental results in the mass differences among Y;(1D), Y,(1D), and Y3(1D). 107313 0.946
10771.2 0.955

References Y;(1D) mass (MeV/c?) Y,(1D) mass (MeV/c?) Y3(1D) mass (MeV/c?) 122222 ;gz;

PRD 93, 074027 (2016) 10117 10122 10127 108574 0.988

10865.8 122.0

PRD 92, 054034 (2015) 10138 10147 10155 10877.8  0.978

10882.8 1.848

PRD 95, 074002 (2017) 10146 10153 10157 108889 0.990

10898.3 2.408

EPJC 78, 915 (2018) 10153 10162 10170 10907.3  0.980

10928.7 1.149

10957.5 0.969

* Within the hadronic loop mechanism, the branching fractions for Y(10860,11020) — 109753 0.999
Y](lD)n and Y(10860) — Y](].D)T[+T[_ range in magnitude from 10~ to 10-3 [PRD 94, 12323;‘ 3§§§
094039 (2016), PRD 97, 094018 (2018), PRD 102, 114037 (2020)]. 110148 0.771

11018.5  0.859

Recent quarkonium(-like) results at Belle Il 110208 0982




First evidences for Y; (1D) and Y3(1D) Y;(1D) = Xp1p2V1,

Xb1bz — Y(1S)yn,

ete™ - Y;(1D)n Three-dimensional fit results Y(1S) - £~
& | ~pata Belle, 122 b < 205_ Belle, 122 fb™ N 20F Belle, 122 fb™
S [ T Totlti (s=10.8658GeV > [ (s =10.8658 GeV S ¢ /s = 10.8658 GeV
R 2 g AL ek
= Y {1D)>1 = <+ 7
S R 2 . T of (10167.0+1.0+£0.2) MeV/c
; 10 = YD)y v ; r @ C
€ I SO £ I c ST
& & sb S 5 Amgy; =
LI>J Ll bl 4.:. 1 JTLI b u>'l AT R ...._;_ L w }1;{}. +; i ; vt :Ll I m(YZ(lD)) - m(Yl(lD))
8.75 9.8 9._85 9.9 » 9.95 10 8.15 0.2 0.25 0.3 0.35 90.1 10.15 10.2 2
M'(Fly ) [GeV/c?] AM [GeV/c?] M'ee(n) [GeV/c?] (11.8+1.5+£0.4) MeV/c
ete” - Yj(1D)m m~ AM = M(£T €7 ygyL) — M(£T €7 yy) Amg, =
% *°F Belle, 1221b" G [ Belle, 122" < 2°;“FBelle,122fb'1 m(Y3(1D)) — m(Y2(1D))
> | /s=10.8658 GeV > 20__\(§=10.8658 GeV > sl s =10.8658 GeV (7.622.420.6) MeV/c2
= 20 = | s | o
o i o L < L
Z i Z L = 1o
2 1o 2 r 2 The systematic uncertainty
:>J’ i (7 X0\ :>J’ : .,..,«;:%,.;z Jr 1 :>J’ S * is calculated by changing
875 oE a5 as 995 T30 5 Y Sy e o s 10—+ the fit models.
M'('Ty ) [GeV/c®] AM [GeV/c?] M,o(*r) [GeV/c?]
Channel Nsig (ete™ - Y;(1D Nsig (ete” - Y;(1D)n'™nt m .
| chamnel | "N (eTe > %(1D)n) B = e From the fit:
Y;(1D) = Xp1¥ 12.2+6.3 24.7+6.5 5.10 (4.80) BO2(ID)=X02Y) _ 0 ¢610.2740.15
Y,(1D) = Xp1Y 37.8+8.0 25.0+6.7 (0 B(Y,(1D)=xp1Y) ) )
>100 (>100
Y>(1D) = Xp2Y 12.9+6.0 8.5+4.2 Consistent with the prediction of =0.3 in
Y;(1D) = Xp2Y 0.3+2.8 17.9+6.7 3.10 (3.00) PRD 92, 054034 (2015). 15



Born cross sections and branching fractions at 1/s = 10.866 GeV

Here, i = 1 represents 1| —

) = (e+e— — Y ;(1D)n) B(Y;(1D) — x v) = Al 1~ H|2 YY; and i = 2 represents
Born Born J J bl,b2 £ 22 gBint (1 + 6 ) N +_ -0
i=1 Eib; ISR mn T T T .
(1) Ns8 . e
BT(10860) = B(Y(10860) — Y ;(1D)n) B(Y ;(1D) — xp1.627Y) = Y T « To calcglate the radiative
T (10860) > i1 EB; correction factor, we assume the
ig |1 — I1|2 d d cross section measured
@) 4 4 _ N®&|1-1If resse
_ * Ny(10860) = Lo(eTe™ - bb) =
Nsig 7
B 0s60) = B(Y(10860) — Y (D)7 1) B(Y ;(1D) = xp1,627) = - (4.240.2)x107 [PRL 113,
Ny (10860) € B 142001 (2014)]
Channel En—svyy,m—ntn—x0 N®'8 B'(I}()IOSGO)(XlO_B) 01(31czrn (pb)
ete™ — T1(1D)n, Y1(1D) = xp17Y 0.102,0.041 12.24+6.3 0.34+0.184+0.06 0.17 +0.09 + 0.03
ete™ — To(1D)n, Y2(1D) = xp17 0.103,0.042 37.8+8.0 1.05+0.224+0.12 0.52+0.11+0.06
ete™ — To(1D)n, To(1D) — xp27 0.103,0.042 129+6.0 0.70+0.33+0.18 0.34+0.17 + 0.09
ete™ — YT3(1D)n, Y3(1D) — xp27 0.104, 0.043 0.3+2.8 0.024+0.15+0.02 0.01 4+ 0.07 + 0.01
Channel €t Nsig B'(I?()10860)(X10_3) 0}(320)m(pb)
ete™ - T1(1D)ntn—, T1(1D) — xp17v 0.177 24.7+6.5 0.194+0.05+0.03 0.09+0.02+0.01
ete™ = To(1D)rtn—, T2(1D) — xp17 0.180 25.04+6.7 0.19+0.064+0.03 0.09 + 0.03 + 0.01
ete™ = To(1D)ntw—, T2(1D) — Xp2y 0.181 85+4.2 0.13+0.06+0.04 0.06 =+ 0.03+ 0.02

ete = T3(1D)rtn—, T3(1D) = Xpay 0.182 1794+ 6.7 0.27+£0.09+0.03 0.13 = 0.05 = 0.02 16




The dressed cross sections as a function of C.M. energy:

We combine the Y;(1D), Y,(1D), and Y3(1D) states due to significant cross feeds among them. The fit function as below
@) _ o 2 12nT e BTy [9(y/5) 4402
OBorn = OBorn(€' €™ — Yy (1D)n) B(Ys(1D) — Xb1,6277) B(Xp1,62 = T(15)7) ee il i i
B ‘ ; S — ]\412 — ’L]\fll—‘Z (I)(MZ) c + CNR(I)(\/E)
Thorm = TBom(eTe” = Ty (1D)w ™) B(T7(1D) = Xb1,627) B(xe b2 = Y(15)7) i 5 BWSs +
1 5: ete” > Yj(1D)n -Belle data 06 €'e” - Yj(1D)n* - -+ Belledata phase-space
-~ —Total f|t B -+~ Belle |! data
= .Phase space = | — Total fi
=3 1—_ 2 o4 ----Phase space
L (3) — 3 )
§ i O gressed = Onorn/ (11 = TT17) § i Error bars represent t‘he‘total
@ -l @ uncorrelated uncertainties
L5 - ® T i (statistical uncertainty +
© 0.5 © 0'2__ additive systematic
i i * * uncertainty).
) .:":,ll'; RS St X N i ettt SRR & ¢ \i"- e
10.7 10.8 10.9 11 10.6 10.7 10.8 10.9 11 1.1
/s [GeV] /s [GeV]

The signal significances of fit outputs are less than 3o, the upper limits at 90% C.L. are also

iven in square brackets.
e The dots show the dressed cross & d

sections measured in this work. I'eeB(Y(10860) — Y ;(1D)n)Bs  (0.091 + 0.039 £+ 0.016) [< 0.14] eV
| The sngles oW Ihe TR oS Fz;e(?r((fo(slelsgf O—>) Y %,l(;)z)zrn)z_s )8 28832 i 0,015 i 8'882; E 8.8161}
sections forete™ - Y;(1D)ntm™ at ee J gy ¢ (0. : : :
] P
I'ce B(Y(11020) — Y 5(1D .02 .01 : .
Belle Il [JHEP 06 (2026) 278]. B(T(11020) J(ID)m"m~)By (0.020 & 0.016 + 0.005) [< 0.05]

Br = B(Y;(1D) = Xb1,b2Y)B(Xb1,p2z = Y(1S)y)



The comparison of mass splittings Am,, and Am,; with different

theoretical predictions. [arXiv:2607.04369]

Preliminary . o _
12 Segovia [7]: nonrelativistic constituent
| m Segovia [7] quark model [PRD 93, 074027 (2016)]
Ny 1o[ A Godfrey [8] & Wang [9]
S [ 7 Deng [10] Godfrey [8]: relativistic quark model
© o[ ©Thiswork R [PRD 92, 054034 (2015)]
> i ®
Q 6L Wang [9]: modified relativistic quark
& [ model with a screening effect
< L y [EPIC 78, 915 (2018)]
! PR I T TR SR AN T SN SR N S S SR I S SR
4 6 8 Lz 14 Deng [10]: screened potential model
Am,, [MeV/c’] [PRD 95, 074002 (2017)]
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IObservation of Y(10753) — w)y

Two dimensional unbinned maximum likelihood fits to the
M(YY(1S)) and M(mt* %) distributions.

4.50 1

0 ¥ e
9.75 9.8 9.85 9.9 9.95 0.7 0.8 0.9

M(yY(1S)) [GeV/c?] M(r*rn®) [GeV/c?]

L

[ ]

0

0

- Belle Il, 1.6 fb" Belle Il 1.6 b -
4 Vs =10.701 GeV 's =10.701 GeV 4
3k -3
2 —2
OT\ 1 ¢ ¢ ¢ ] 1
(&) -
; 0 : I 1 - 1 I I S : 0
0 L e Data Belle I, 9.8 fb Belle ll, 9.8 fb™"
 —— Background 1 1 1 — Total fit 7
o 10| _ Background ]
— 2
S’ ]
~ ]
(7)) 11
E ]
w e ® [ P P P piep———— » -o
> - Belle || 4 7 fb" Belle ll, 4.7 fb
W s8r /s = 10.805 GeV s =10.805 GeV |

0

PRL 130, 091902 (2023)

Channel
®Xb1 10745 68.97131 3.670710.4
®Xb2 27.611%-6 2.871%40.5
WXb1 15.0183 1.6 @90% C.L.
10.805
WXb2 3.3%33 1.5 @90% C.L.

Theete™ — WXpj (J =1, 2) cross sections peak at Y(10753).

al -@- Belle |l data Belle Il, 1.6, 9.8, and 4.7 fb"’
o - Belle data £
o — Total fit x §4~«
P " coton e
- ==+ Solution ]

3 - 13 3
T4 11
Qo R0
Q 2 1. 9

o I 1%

0_ " : FIT PRI @ =n-s b L LL LT .;:10
10.7 10.75 108 10 85 10.7 1075 108 1085

s (GeV)



I ete” - wyp ande*e” - (Tt N%) 00— Xp) at Belle and Belle |1

Events / (10 MeV/c?)

Vs € [10.73, 11.02] GeV

I
o

N
o

d

!

|

b

A

Belle
142.5 b

Hh“ﬁu “ L1 |“+ !

.6 0.7

0.8

0.9 1

M(n+ ) [GeV/c?]

1.1

\/s ~ 10.75 GeV

JHEP 04 (2026) 101

o o * Belle I
> 19.8 fb™
= 40
o L
R
"GC'J‘ 20_— +
\ 4 v
o ¢
L«M*..lﬁh..l.[..l..[.
0.6 0.7 0.8 0.9 1 1.1

M(n+r ) [GeV/c?]

In addition to w signal candidates, there are some events from non-w decays at Belle.
* We require M(ttt n%) < 0.75 GeV/c? and M(tt 1~ 1t°) > 0.81 GeV/c? to select non-w events.
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ete” > w and ete™ - T[+T[_T[O _ at Belle and Belle II
Xb] non wXb]
JHEP 04 (2026) 101

8
o ~ Belle data ot ~Belle data Y(10753) mass | (10756.1+4.3) MeV/c?
2 o ~Belle |l data 8" *Belle [l data Y(10753) width (32.2418.7) MeV
—_ i == Total fit —~~ == Total fit
3‘5 [ 3g * The mass and width are consistent with
? ar ? 5l those from ete™ - ™Y (nS)
K 23 o [ measuremnt [JHEP 07, 116 (2024)].
L 9 o | el ettt
o | -
LA A ° LA N _ N o(ete -y j(1P)w) |
107 108 109 11 107 108 109 1 I o(ete-—YmS)ntm) I
/s (GeV) Is (GeV) | o ~ |
o 6 g 10 I 1.5at+/s ~ 10.75 GeV 0.15 at /s ~ 10.867 GeV!
£ [ -Belledata —~ | —Belledata . R . . . |
¢ [ —Belle Il data 2 | wBellell data This may indicate the difference in the internal!
2l ot £ T —Totalfit structures of Y(10753) and Y(10860). :
;S : ;_S 5+ Ll e e R e 1
= L 5% i : B(Y(10753) — xp1 w)/B(Y(10753) — xp2 w) :
! = | I 1
] T I :
() ' 5
. O N Lo 113038034
L LA b RN S NI SIS T N ST S RN S N U SN SR S R
10.7 10.7 1% (Gev1)o.9 B * The (T[+T[_T[0)n0n_wxb] excess maybe due the

cascade decay of Y(10860,11020) —» Z, —
XbjPTC [PRD 90, 014036 (2014)].



I ete” - nY(1S,2S)

n-vy,Y(2S) -ttt Y(1S), Y(1S) -» £ ¢~
n-ntnn’, Y(2S) - £7€-

PRD 113, L051102 (2026)

After requiring Y(2S) signal region, simultaneous fit to M(yy) and M(n* ") for each energy point.

Events / 5.0 MeV/¢

Events / 5.0 MeV/¢®

6 Bellell, 351"
[ at10.653 GeV 4.20
0.45 0.5 0.55 0.6
M'(yy) [GeV/c)
=}
0.45 0.5 0.55 0.6

M(r'n ) [GeV/c?]

Events / 5.0 MeV/¢

Events / 5.0 MeV/¢®

L Bellell, 1.6 fb"
[ at 10.701 GeV

0.45 05 055 0.6

M'(yy) [GeV/c?]

0.45 0.5 0.55 0.6

M(r'n ) [GeV/c?]

Events / 5.0 MeV/c

Events / 5.0 MeV/¢

6 Bellell, 9.8 fb"
| at 10.746 GeV

0.55
M'(yy) [GeV/c)

4.80

0.45

0.55

T M(r'nnd) [GeVicd]

Events / 5.0 MeV/c

Events / 5.0 MeV/c

- Belle I, 4.7 fb'
| at 10.805 GeV

2.80

0.5 0.55 0.6 0.65
M'(yy) [GeVi/c’]

-1 Ll R

05 0.55 06 065
M(z'nn°) (GeV/S)

Combining all of the energy points, the signal yields for n - yy and n - n*n n® are 6.0}Z and 11.5%3

The statistical significance is 6.4c for e" e~ - nY(2S) at /s ~ 10.75 GeV.

No clear signals were observed for e"e™ — nY(1S) at /s ~ 10.75 GeV.
Recent quarkonium(-like) results at Belle Il
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I ete™ - NY(2S) PRD 113, L051102 (2026)

Fit the with 3 different hypotheses:

| ¢ Hj;:only Y(5S) [blue curve]

1« H,: Y(10753) + Y(5S) [Green curve]

* H;: B*'B* bound state + Y(10753) + Y(5S)
[Black curve], the default fit.

The significance of B*'B™ bound state is larger than 3.60

©nY(2S) at Belle
#1Y(2S) at Belle Il (Preliminary)

op [Pb]

GBorn(e+e_ - "lY(ZS)) :
Oporn(€te™ = MY (29)) I
~ N :

>22.6 at 90% C.L. at /s = 10.653 GeV 0.31+0.17 at /s = 10.75 GeV:

|

s [GeV] 1 These imply a strong violation of heavy quark spin symmetry [Mod. Phys. |
I Lett. A 32 (2017) 04, 1750025], which predicts a production ratio of order !
: 1073, and might be a further indication of a B*B* molecular state.

="
-
-

 The Born cross section of ete™ — nY(2S) around B*B* mass is relatively large.
* Arapid increase of ogxg* just above the threshold [JHEP 10 (2024) 114].

A new bottomonium-like state around B*B* threshold?
The Y, (10650) has been predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647].
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|Future prospects

From https://www.belle2.org/research/luminosity/

Peak luminosity [x10*°cm-2s!]

7r

6f-

Peak luminosity

w/ QCS upgrade _ W/o QCS upgrade

[ inLS2 T inLs2 ] .............

Integrated luminosity (delivered)

w/ QCS upgrade ___ w/o QCS upgrade
[ inLS2 inLS2

Until 2026, about 1 ab~! data, comparable to Belle
Until 2029, about 4 ab~! data.

Projected by SuperKEKB/Belle 11

n
S

A
S

1%
S

[\
S

~
S

Jan 2024

Jan 2029 Jan 203

“Jan 2039

Date

Integrated luminosity (delivered) [ab™]

Charmonium-like states:

> B decay (B - KX¢)

B —» KX(3872)

> Initial-state radiation (ISR)

ete” - Y(4260) - wtnJ/P via ISR
> Two-photon process

Yy —X(3915) - w] /P

» Double charmonium

ete™ - J/PUX(3940)

Bottomonium-like states:

> Direct production via operation at -

center-of-mass energy
efe” > Y(10753) - nttt"Y(nS)
> Decays of higher mass states
Y(5S) - ntZ;, - Y (nS)

Recent quarkonium(-like) results at Belle Il
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Summary

* First evidence of X(3872) — n%

 disfavors the pure charmonium x.; (2P) state

* consistent with most theoretical predictions on molecular/tetraquark scenario

* First observation of D},(2317)*

- D™y

* help to discriminate the nature of the D%,(2317)"
* First evidence for the Y; (1D) and Y3(1D) states

* The mass splittings Am,=(11.8+1.5+0.4) MeV/c? and Am,; = (7.6+2.44+0.6) MeV/c?.
* The observation of Y(10753) — wyypj and the possible evidence for Y,(10650).

Belle + Belle II preliminary [Ldt = 1.2 ab™!

® This work (1.2 ah“)(a) (.) i;;aqtz ;i;;(:))lecuf:?) X(3872) (c)
Experimental band A Molecular state
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< < | BESIII [12]
b o o Dubynskiy [8
° ° Dubynskiy [8
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ke A —— | Dong [13]
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ey ol A o l lqu[15]
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LT s m ro/r 1 r O/F2

35

— S state

* +
o Ds0(2317)
Molecular state
25
* Exp:7.13+0.75

20 Experimental band

Branching Fraction Ratio [%)]

llllllII|IIII|IIII|IIII||III|IIII

A
| | [ | | | | 1 |

" Gor C ke Bar Fa R C
Liy, OdfreyO/an'gqg/g;o{/(e ardeeges%(; Ly, 8%7172 So//.%Ven

Recent quarkonium(-like) results at Belle Il

Am,, [MeV/c?]

12
_ m Segovia [7]
10 A Godfrey [8] & Wang [9]
~ v Deng [10]
- @ This work
8- A
i ®
- Y13(1D)
I
i [ |
4+ v
PR RN TR TN TN AN TR SN S A T S S S S S
4 6 8 10 12

Am,, [MeV/c]

14



Thanks for your attention!



