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Y(nS) with 17~ can be produced

in ete™ collisions

O The states with other quantum numbers can be
produced via hadronic or radiative transitions.
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Heavy quarkonium spectroscopy 1is an excellent
laboratory to study non-perturbative QCD!

0 Below BB threshold states are well described
by the potential models.

O Above BB threshold states exhibit unexpected
properties:

 The transitions to lower bottomonium with the

emission of light hadrons are not suppressed
(violate OZI);

* The n transitions are not suppressed compare

to Tt~ transitions (violate HQSS);

 Two charged Z; states are observed.

* Conventional bottomonium (pure b_l_) states)
 Bottomonium-like states (mix of bb and BB)
e Purely exotic charged states (Z;))



Discovery of Y(10753

O The Y(10753) was observed in the energy dependence of
ete”™ > Y(nS)m* ™ (n = 1,2,3) cross sections by Belle.

[JHEP 10, 220 (2019)]
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O Refit of Babar and Belle o(ete™ — bb) [CPC 44 (2020) 8, 083001]:
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Dip near 10.75 GeV likely caused by
interference between BW and smooth
component.

| O Possible interpretations:

Conventional bottomonium?
Hybrid state?
Tetraquark state?

Hadronic molecule with a small admixture,, . .
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O Asymmetric ete™ collider at KEK provides unique clean environment.

[0 Upgraded detector (better vertex and particle identification performances).

O World-record instantaneous luminosity: 4.7 X 103*cm™2s™1 (x 2 of the Belle peak luminosity).
O Total integrated luminosity: 424fb™1,
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Unique scan data near /s = 10.75 GeV
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O In November 2021, Belle II collected 19fb™? of scan data at four energy points

near 10.75 GeV.

O Physics goals: (1) understand the nature of the Y(10753);
(2) improve precision of exclusive cross-sections below Y(55).
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Observation of eTe™ — wxp(1P) and search for
Xy = wY(1S) at /s near 10.75 GeV

[PRL 130 091902 (2023)]



Observation of Y(10753) — wyxp(1P)

O Interpretations as an admixture of conventional
4S and 3D states predict comparable branching
fractions of 1073 for Y(10753) - Y (nS)
and Y(10753) — wxp;(1P).

[PRD104, 034036 (2021), PRD 105, 074007 (2022)]

Channel /s (GeV) N®& (o) op (pb)
ete” = wyso 10.701 < 3.0 - < 16.6
ete” — WXb1 < 3.9 - < 1.2
ete™ — wype < 4.0 - < 2.5
ete” = wyso 10.745 <120 0.5 < 11.3
ete™ = wxp1 68.9713% 5.9 3.67074+0.5
ete™ = wype 2767155 3.1 28F12+04
e"e” = wxpo 10.805 <99 1.2 <114

te™ = wxp1 180 2.7 = LI
ete™ — wyz 337 0.8 <16
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O We perform two dimensional un-binned maximum
likelihood fits to the M(yY(1S))and M(nttnt~n%)
distributions.
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Observation of Y(10753) — wxbl(lp) <5

O The e™e™ — wxp;(1P) [J = 1,2] cross sections are

enhanced at Y(10753). ~L.5 at+/s = 10.745 GeV

c(eTe™ = wxp(1P)) /
O Combine Belle II measurements with Belle o(ete- - Y (nS)) N\
measurement [PRL 113, 142001(2014)] to fit cross

sections: o5 + V127, BT [, (+/s) E
A €
Vo2 s— M2 —iMT\| ©,(M)

O The mass and width are fixed to the 10752.7 MeV/c?

~0.15 at /s = 10.867 GeV

[ It may indicate different internal structures for
Y(10753) and Y(5S).

and 35.5 MeV. [JHEP 10, 220 (2019)] (ete .
o€’ € —-WwXp1 _ _

gL -®- Belle Il data Belle Il, 1.6,9.8, and 4.7 fb™ | o(ete~>wyp,(1P)) 1.3+ 0.6at \/§ = 10.745 GeV
Ot - Belle data 15
2 . —Total fit "- 54 3
~ 6r Do -==x Solution 14 = . .
| P T 2 O Contradicts the expectation for a pure D-wave

L 413 .

X4 1 3 bottomonium state of 15 [PLB 738, 172 (2014)].
‘v 42 o
T 2 1, ¥ | OA1.80 difference with the prediction for a S-D-

B P Tt S c TN Py WORBRIONINES, 27 crvrev v v I mixed state of 0.2 [PRD 104, 034036 (2021)].
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Solution I: Constructive interference Solution II;: Destructive interference 8



Search for Xy, —» wY(1S)
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i -1 - Data -1 . . .

ol o e | — Totl e ataoy]"” O The Xy, is the posited bottomonium
R e ExpectodX, ' counterpart of the X(3872);
LS T Y (N [pp—— Smooth bkg 1 . .
S e } 15 0O No evidence of X}, signal;
Q i
= h u | l. ‘ | ‘ ‘ “ ‘ ) H 1 O The peaks are the reflections of e*e™ — wxy.
Z of = 0
P 30_ \’Eelle I, 9. 8fb1 {Ee"e a7 1 [ Upper limits on cross sections are set for
€ | 10.745 GeV = 10.805 GeV -
g | ® ® ® 1 M(Xp)E [10.45, 10.65] GeV.
o 20F ]

E 1s

! From simulated events with m(X},) = 10.6 GeV/c?

oM e _L.uliu&L The yield 1s fixed at the upper limit at 90% C.L.

10.2 10.5 10.6 10.3 0.4

M(oY(1S)) [GeV/c?]
Vs(GeV) 10.653 10.701 10.745 10.805

Upper limits at 90%
C.L.on m(X;,) = 10.6 GeV 0.46 0.33 0.10 0.14
og(eTe™ = yXy)
X B(Xp = wY(1S)) m(X;,) = (0.14, 0.55) (0.25, 0.84) (0.06, 0.14) (0.08, 0.37)

(10.45,10.65) GeV




Search fore™e™ —» wny,(1S) and eTe™ —
wXpo(1P) at+/s = 10.745 GeV with Belle 11

[New for this conference]
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Search for e"e™ = wn (1S)/Xpo (1P) B

Belle IT

O Tetraquark interpretation of the Y(10753) predicts enhancement of the Y(10753) —

wNp, (1S) transition:

I'(wnp) [CPC 43, 123102 (2019)]

30

[(mtnY) -

O The e*e™ = wyp;(1P)(J = 1,2) was found to be enhanced at /s = 10.745 GeV.
The eTe™ - wyxpo(1P) transition was not observed due to low branching fraction

B(tho(1P) » Y(1S)y) = (1.94 + 0.27)%.

[PRL 130 091902 (2023)]

O In this work, we reconstruct the w meson via the Tt~ nt’ mode, and then search
for the )y, (1S) and Xy, (1P) states in the recoil mass spectrum of w candidate.
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Mrecoil (T[+T[_T[O)

O No clear n, (1S) and
Xbo (1P) signals are
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Yield (10?)
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023 £0.494+£0.2512+£14+£0.9
05x£1.1£06 26=x3.1%+2.0
< 2.5 < 8.6

O The measured cross-section contradicts the prediction of tetraquark model in Ref. [CPC 43, 123102 (2019)].

9?8 9.8 9.82 984 986 988 99 992 994

M__ (1 © 1) [GeV/c?]

recoil

observed.

O Upper limits at the 90%
C.L. on the Born cross
sections are set.

This measurement and JHEP 10, 220 (2019):

oB(ete™ » N, (1S)w) < 2.5pb@10.745 GeV
oB(ete” » Y(nS)n ™ )~5pb@10.75 GeV
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Measurement of the energy dependence of the
ete™ - BMWB®™ cross sections at Belle 11
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O The B®WB®™ are expected to be dominant
decay channels for excited bottomonium-like

states.

ete™ - BMB® cross sections

Entries / (2 MeV/c?)

O The measured cross sections can be used in the
coupled channel analysis of all available scan
data to extract the parameter of Y(10753).

0 Method:

* Fully reconstruct one B in hadronic decays;

* Identify signals with My,:

Entries / (2 MeV/c?)

Mpe = \/(Ecm/z)z - sz

O Contribution of Y(4S) — BB production via
ISR i1s visible, well described by the fit.
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ete™ - BMB®™ cross sections

O o(ete” — B*B*) increases rapidly above B*B* 3 - Belle 3 Bollo | .
threshold. The energy of the nearby point 1s only
S5MeV above the threshold. High value of the cross
section 1s surprising since the phase space of this
reaction grows as the 3/2 power of the difference
between the beam energy and the threshold energy.

O Possible interpretation: resonance or bound state
of B*B* (or bb ) near threshold [MPLA 21, 2779

(2006)].

O Also explains a narrow dip in o(ete™ — BB*) near
B*B* threshold by destructive interference between

ete”™ — BB* andete™ — B*B* — BB*. 106 0. ' '
E.. [GeV]
+ —_
O The Y(HS)T[ T and hb (1P)T] final states could also Solid curve — combined Belle + Belle 11 data fit
be enhanced [PRD 87, 094033 (2013)]. Dashed curve — Belle data fit only
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Summary B

O Observation of e"e™ — w)p;(1P) near /s = 10.75 GeV:
* o(eTe” = wxp;(1P))[J = 1,2] has a strong enhancement at 10.75 GeV;

* Confirmation of Y(10753) and observation of its new decay channel.

O Search for ete™ - wn,(1S) and e™ e~ — W)Yo (1P) :

* No signals are observed, and upper limits on the Born cross sections are set;

* The measured cross-section contradicts the prediction of tetraquark model.

O Energy dependency of ete~ — BB, BB*, and B*B* cross sections:

* Confirmation of “oscillatory’ behavior, improvement of the accuracy;

e Rapid rise of 6(e*e™ - B*B*) above threshold—resonance or bound state of B*B* ?

Thanks for your attention!
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O Uses the coupled-channel approach to perform a O Using data: _ .
global fit to various cross section energy dependences. ® 1W0-body exclusive cross sections
N. HUSKEN, R.E. MITCHELL, and E. S. SWANSON PHYS. REV. D 106, 094013 (2022) 0] (e+ e_ - Bg*g Eg*g),
S S
80 (@) BB 4 (b) B*B 200;— 4 (c) B*B" . .
” 2006 4 150 + * Three-body exclusive cross sections
100F — —_
=f \ + : ook NN sof o(ete”™ » Y(nS)/hy(mP)n*n™) (n =
108 11 T2 O 108 1 12 j- 108 11 11.2 1’2,3’ m = 1,2),

150k 150F j ) Y(18)7r .

ool 100} i  Combined Belle and Babar Ry,
: 50 :

525_ o ; measurements.

o) 108 11 1.2 ) 108 11 1.2 108 11 1.2
% 1G: (g) T(28)7m ab (h) T(35)mn 4f_ () hs(1P) 7 DInChldCS Y(4S)9 Y(10753)9 Y(SS)9 and
A Y(6S) poles.
I 1k [
o 108 11 11.2 % 10.8 11 11.2 _ 10.8 11 11.2 D ResultS:
| pole positions (masses and widths)
| and energy dependence of
G_ 500: . .
10.8 11 T2 © 10.58 70.6 062 ° 108 11 1.2 Scatterlng amplltUdes
s (GeV)

[PRD 106 (2022) 9, 094013] 17
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O Good agreement at low energy.

[0 Deviation at higher energy is presumably due to B §*>, multi-body B™B™ (1) and production
of bottomonia with light hadrons.

2 ﬁ preliminary | = s preliminary

Gdressed [nb]
Gdressed [nb]

I Black dots: total bb

150L } [PRL 102, 012001 (2009),
. PRD 93, 011101 (2016),

CPC 44, 083001 (2020)]

Blue circles: Belle

1- §5 [JHEP 06, 137 (2021)] i
Red dots: Belle 11 I
[this work] b
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