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Bottomonium family
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bottomonium states
tetraquarks

exotic states
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Bound state of bb

Below the BB threshold states are well
described by potential models:

r'(Y(2,35) » Y(1S)wt*tnw™) ~ keV
r(y(2,38) - Y(1S)n) ~ 1073 keV

«Above BB - anomalous rate of n¥n~,n
transitions:

r(y(4s) -» y(1S)n)
rcy@s) » y(1S)ntm~)

F(Y(55) » Y(nS)mtm™) ~ 102 keV

=241 1042

*Unexpected states:
tetraquarks Z, (10610, 10650) with
1(JP¢) =17 (1%), Y(10753)



Structures above BB threshold

* Unexpected states observed similar
with charmonium (X(3872), Y(4260))

« No definite interpretations

« Better understanding is needed

tetraquark hadro-quarkonium

convensional meson
(Including S-D state
mixing)

hadronic molecule



Belle and Belle Il experiments

e+ 4 GeV 3.6 A

Conducted at KEKB/SuperKEKB colliders, Japan
« Asymmetric ete~ colliders

« Center-of-Mass energy mostly at 10.58 GeV (Y(4S5))

Add / modify RF systems
for higher beam current
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Search for h, (2P) — Y(1S5)n

Transitions between spin-singlet (S,z = 0) and spin-triplet (S, = 1) are suppresed (~ 1/m,)

| . M

Y(15)

~ \ i

hy (2P)

BaBatr:
B(Y(3S) » h,(1P)1rY) ~ 1073 with significance 3.10

PRD 84, 091101 (2011)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.091101

Search for h, (2P) — Y(1S5)n

Transitions between spin-singlet (S,z = 0) and spin-triplet (S, = 1) are suppresed (~ 1/m,)

h,(2P)

Y(15)

~ \ i

hy (2P)

Suppression might be lifted due to hadron loops
(coupled-channel effect)

BaBatr:
B(Y(3S) » h,(1P)1rY) ~ 1073 with significance 3.10

PRD 84, 091101 (2011)

Prediction based on BaBar result:

B(hy, (2P) = Y(15)1) ~ 10%

PRD 86, 094013 (2012)



https://doi.org/10.1103/PhysRevD.86.094013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.091101
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Evidence for h,(2P) - Y(1S)n PRL133, 261001 (2024)  (SFlig

Y(5S) Belle data: 121 fb~1.

Full reconstruction: Y(55) - Z/n* - h,2P)n*n~

hy(2P) > Y(1S)n — (eTe ,u 1) (¥ v)

—~  0.8¢ 2D fitto M, (m*™) vs. M(yy)
Q - + -
S o070 whu .
0] — + -
S 060 : eve _ Vs
; gg_ : ot Myec(ntm™) = <7 - En+n—) - p721+7t—
SF \
0.4} - . . . . .
0.3 ‘ Significance: 3.5¢ including systematics
(())'21 — B(h,(2P) » Y(1S)n) = (7.11374+0.8) x 1073
102 1022 1024 1026 1028 103 10x lower than the expectations based
Mzr (GeV/c?) on experimental B(Y(3S) — h,(1P)r?).

No signal of isospin violating decay h,(2P) — Y(15)r°


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.261901
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SearCh f()l’ hb (ZP) — Xb](lp)y PRD 111, L011102 (2025) <>

A\Tﬁ BF =107% =105

PRD 32, 189 (1985)

BF =107% + 1071

PLB 760, 417 (2016)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.111.L011102
https://doi.org/10.1016/j.physletb.2016.07.023
https://doi.org/10.1103/PhysRevD.32.189

Confirmation of Y(10753) - Y(nS)m"m~ HER072024. 116
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https://link.springer.com/article/10.1007/JHEP07(2024)116
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Search for Y(10753) — wny (1S) PRD 109, 072013 (2024) (S¥ g
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https://doi.org/10.1103/PhysRevD.109.072013
https://iopscience.iop.org/article/10.1088/1674-1137/43/12/123102/pdf
https://doi.org/10.1103/PhysRevD.109.014039

Search for e™e™ = wy,;(1P)

B(Y(10753) —» wxp1)
B(Y(10753) = wxp,)
e ~ 15 for pure Y(3D) state

PLB 738, 172 (2014)
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e ~ (.2 for 4S-3D mixed state prD 104, 034036 (2021)

Scan Belle and Belle Il data in (10.43 — 11.02) GeV

Full reconstruction: e¥e™ = wy,;(1P),
w - ntan’, x,,(1P) - yY(1S) - y(I*17)
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https://doi.org/10.1016/j.physletb.2014.09.043
https://doi.org/10.1103/PhysRevD.104.034036
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Search for eTe™ = (T~ on—wXp (1P)  Preiminay [y

Decays of Y(55) and Y(6S) into ("7~ 1°) non—wXp (1P)
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Predicted Y(10860,11020) — Z,m — x,;(1P)pm (?)
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Search for e*e™ = wy,;(1P) Prefiminary (S
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Search for e*e™ = h,(1P)n Preliminary
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https://doi.org/10.1103/PhysRevD.104.034019
https://doi.org/10.1103/PhysRevD.104.034036

Y(10753) as a bottomonium counterpart of 1(4230)

y(4230)

Y (4230) was observed in J/Y(1S)n ™
by BaBar, BESIII, Belle
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Search for ete™ = Y(1,25)n and eTe™ — y X, Preiminay i
Belle 11 Y(10753) scan data

Full reconstruction: ete™ - yyn n~ It~
« ete” 5> (> y)YRS) (- ntr~Y(1S)), Y(S) - It~
e ete” o (> ntn n%) Y(1,28)(~ 1t7)
» ete” s yXy(- T T xyy), xpy = ¥YY(AS) 5y (1)
2.5

1D fitto M(yy), M(r*n~n®) or M(m* ™ yp)) is -

performed 2 L ny(2s) at Belle
+nY(29) at Belle I

ete™ - Y(25)n is observed with significance 6.60 1.5

Possible B*B* bound state at 10.65 GeV?

No evident signal of nY (1S) nor the Xb, UL are set -\

10.7 10.8

Vs [GeV]



Energy dependence of B®B™ cross sections at Belle I
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https://link.springer.com/article/10.1007/JHEP10(2024)114

Measurements of the B® and B*meson mass difference
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https://doi.org/10.1103/PhysRevD.78.011103

Summary and conclusions

Continued studies of conventional and potentially exotic states at Belle and Belle Il (with

growing datasets)

Much higher significance confirmation of the Y(10753) by Belle II:

- No clear indication yet on its nature

- Results in 1, (15)w consistent with S-D mixing, but not in y;;(1P)w
- No enhancement in n, (15)w as predicted by tetraquark model

- Additional studies underway (h, (1P)n, h, (1P)n* ™, etc)

The most precise measurement of B® and B* mass difference

Only 0.5% of target integrated luminosity collected so far - much more to come!
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