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» Study of Y(10753)
» Evidence of P..(4459)
» Bottomonium transitions

» Summary
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Motivation: Y(10753)

The Y(10753) was first discovered in mtmt~Y(nS) final
states using Y(10860) scan data by Belle [JHEP 10, 220
(2019)].
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[Godfrey and Moats, PRD 92, 054034 (2015)]

The nature of Y(10753) is unclear.

Recently, Belle Il collected 19 fb! of unique
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Confirmation: Y(10753) - T~ Y(nS) at Belle Il
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[JHEP 07 (2024) 116]
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A Full reconstruction: ete™ - [Y(nS) - ptu [ntn™
AM =M p" ¥ n™) = M(u*u™)
 Combined fit to Belle + Belle Il
M = (10756.6 + 2.7 + 0.6) MeV/c?
= (29.0 + 8.8 + 1.2) MeV/c?

RYO0T53) — HY(10753) T (55)

T(ES) T(65)
a(15/25) o(35/25) o(15/25) * R

T(63)
a(35/28) a(15/25) K

o(35/25)

Ratio 0461015 0107007 0457007 0327003 0.64'5% 0411019

O No significant substructure is found.



Observation: Y(10753) — wy}; at Belle Il

Thee'e™ — wxpy (J = 1, 2) cross sections peak at Y(10753). [PRL 130, 091902 (2023)]
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Q2 2o
Q 2 ENC
° | g o |7 g 1 © Y(5S) and Y(10753) have same quantum

O s 08 08e 0y 1075 08 1085 O numbers and similar masses, but the

s (GeV) difference on the above ratio is large. This

may indicate the difference in the internal

0(e+e——>xb1(1P)w)
= 1.3+0.6 at +/s = 10.745 GeV structures of these two states.

o(e+e——>xb2(1P)w)

A Contradicts the expectation for a pure D—wave bottomonium state of 15 [Phys. Lett. B 738, 172
(2014)]

d An observation of 1.80 difference with the prediction for a S—D—mixed state of 0.2 [Phys. Rev. D
104, 034036 (2021)] ;
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[Preliminary results at Belle and Belle 1]
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[Preliminary results at Belle and Belle 1]
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* The measured mass and width of Y(10753) are consistent with
the previous analyses [JHEP 10 (2019) 220, JHEP 07 (2024) 116].
* TheTleeB(Y(10753) = wxpy) and [eB(Y(10753) — wyxyy) are

compatible with those measured in [PRL 130, 091902 (2023)].

* The (T[+T[_T[O)non_w)(b] is a consequence of the cascade decay of

Y(10860,11020) — Zy — Xp,;p1 [PRD 90, 014036 (2014)].
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d The Y(10753) — wn,(1S) transition is enhanced in tetraquark

Candidates per 10 MeV/c?

Candidates per 10 MeV/¢c?

Search forete™ - wn,(1S)andee™ - wype(1P)

interpretation [CPC 43, 123102 (2019)]
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[PRD 109, 072013 (2024)]

O No significant signals are observed in w
recoil

Ecm — E* 2 )
Mrecoil(W+W_7TO) - \/((_‘2) - (%)

O Set the upper limits at /s =10.745 GeV
og(ete™ - wny(15)) < 2.5 pb
combined with [PRL 130, 091902 (2023)]
og(ete™ - wy,(1P)) < 7.8 pb
in ref. [JHEP 10, 220 (2019)]
og(ete” » ntn~Y(nS))~(1—3) pb

O Predictions of tetraquark model [CPC 43,
123102 (2019)]

I'(Y(10753) - wny) = 2.647175 MeV
r(Y(10753) » n*r~Y) = 0.081920 MeV
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Energy dependence g(ete™ - B*B®)
[THEP 07 (2024) 116]

New: rapid increase of Og*B* above the
threshold

« Similar behaviour was seen for D*D* cross
section (PRD 97, 012002 (2018))

- Possible interpretation: resonance or bound
state (B*B* or bb) near threshold (MPL A
21, 2779 (2006))

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




Energy dependence g(ete™ - B*B®)

[JHEP 07 (2024) 116]
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« Agreement at low energy
. Departure at high energy is due to B{”B!”, multi-body B®B®n(m), and bottomonia -10-



Evidence of P..(4459) in Y(1S, 2S) decays
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Select inclusive Y(1S, 2S) — J/WA + X decays,
then search for P.g = J/WA in M(J/YA)
Enhancements near P.;(4459) mass

4.00 local significance with free mass and width

M = 4469.5 £ 4.1 + 4.1 MeV
=143 +9.2 + 6.3 MeV

3.30 significance including systematics with the
Gaussian constraints from LHCb measurement
[Sci. Bull. 66, 1278 (2021)]

No significant P. state in pJ /1 final state
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Bottomonium transitions: h, = ©°/nY(1S)

[arXiv:2407.03783]

* Transitions between spin-singlet S = 0 and spin-triplet S =1

bottomonium are suppressed, A « 1/m, n
* The suppression might be lifted due to hadron loops
* Prediction: B[h,(2P) = Y(15)n]~10% [PRD 86, 094013 (2012)]
based on previous BaBar result B[Y(3S) — hy(1P)7°]~1073 [PRD  p,(2p) Y(15)

84,091101 (2011)]

~ 08
§ 0.7 (b) ete~
O - h,(2P
O 06 ‘ o T’ »(2P)
2*‘-‘ 0.5
0.4 . A First evidence of h,(2P) - Y(15)n with 3.5¢
0.3 Blh,(2P) - Y(1S)n] = (7.1337 +0.8) x 1073
0.2 . Q Upper limits on #° transitions
0.1 - B[h, (1P) - Y(15)7°] < 1.8 x 1073
o e Blh, (2P) - Y(1S5)n°] < 1.8 x 1073
102 1022 1024 1026 1028 103 Belle Y(55) data

MES (GeV/e? .
 ( ) Full reconstruction: e*te™ -» hyn*n~
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Bottomonium transitions: y;;(2P) - wY(1S)

[arXiv:2407.00879]
* First observation of y,; ,(2P) —» wY(1S) was reported by CLEO, B~1% [PRL PRL 92, 222002 (2004)]

* No xpo(2P) = wY(1S) was observed

ol i B ¥ Data 10 First evidence of y,(2P) - wY(15) with 3.20
{ IR R S ?
= 60| Sl lz 1S 0| Backgroune 3B (xpo(2P) » wY(1S)) = (0.55 + 0.19 + 0.07)%
3 E 1 R Background z 50 - 3
] Ky B(xp1(2P) > wY(1S)) = (2.39%333 + 0.24)%
20 | B(xp2(2P) > wY(1S)) = (0.47%313 + 0.06)%
10 j ‘
e [-u"f'r\J..-'--r"l"‘."wm\.:“‘L.. I L; - JI.\ L e | 1? g1 . -
?0.2 10.22 10.24 10.26 10.28 103 10.32 ° 072 074 0.76 0.78 0.8 0.82 D Conflrm DFEVIOUS measurement Of] - 1’2
AM, (GeV) M, (GeV) Belle Y(35) data, Y(3S) — yxy,

AM, = M (7t~ 70t 0) — M(T67) +m(T(1S)),

A The ratio for J = 2 to J = 1 transitions is found to differ by 3.3¢ with QCD multipole
expansion [Mod. Phys. Lett. A 18, 1067 (2003)] B(T(3S) = vxps(2P) — ywY(1S)

)
B(Y(3S) = xe1(2P) = wT(15))" _q3.

ryim —



Summary

New results from scan data around 10.75 GeV from Belle Il help to understand the structure of Y(10753)
« Improved mass and width using Y(10753) - n*tn~Y(nS)

* New decay mode Y(10753) = wyyp,
* Studyofe*e™ = wyp;, mtn 0y,
« Upperlimitsonete™ - wn,(1S), wxpo
* Cross sections g[ete™ - B®™B™)]
Evidence of P.;(4459) in Y(1S, 25)
Evidence of bottonium transitions hy, (2P) — Y(15)n and y,o(2P) — wY(1S)

Thank you for your attention!
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