Study of properties of Y (10753
on Belle Il experiment
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Y (10753) — discovery and studies
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- JHEP 10, 220(2019) “{ « The Y(10753) was firstly observed in the process of
| by ) :{{ A ete™ = Y(nS)ztn~(n = 1,2,3) by Belle.
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« A dip in the R, distribution near 10.75 GeV

. Fit to dressed cross section of bb with three BWs.

“The results from these fits may change dramatically by including more information on each

exclusive mode. ”
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K-matrix Analysis of ete~ Annihilation in the Bottomonium Region

N. Hiisken,:?2 R.E. Mitchell,! and E.S. Swanson?
Phys.Rev.D 106 (2022) 9, 094013
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Coupled channel analysis of high energy scan data using the K-matrix formalism shows four

poles: Y(4S), Y(10753), Y(55), Y(63).
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Unique data

* Largest bottomonium data sample

* |[n Nov. 2021, Belle Il collected ~20/fb of unique scan data at energies near 10.75 GeV

* Fill the gaps in Belle Scan data

Physics goal is to understand the nature of Y(10753)
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Confirmation of Y(10753) on Belle li

o Full reconstruction of #7727 Y (nS),n = 1,2,3, where Y(nS) — u u".

AM = M(zrpup) — M(up)
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Fit with three coherent BW, convoluting a
Gaussian modeling energy spread:

12713, g
3 Z v V9 i > ® G(0,0E)
s —M; + 1M, F f(M. ) 0
All parameters are free, except OF = 0.0056 GeV _0'5
Parameters of Y (10753): j “
M = 10756.6 = 2.7 50, = 0.8, MeV/c? :
['=29.0 £ 8.8, £ 1.2,y MeV.
Agree with previous Belle measurement. % 25
Improve uncertainties ~2 times smaller g 1_2
resonance mass (MeV/c?) width (MeV) - ;
T(5S) 108&84.7 += 1.2 38.7 3.7 05 £

T(6S) 10995.5 1 4.2 34.6 . 8.6 10
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Relative ratios

Relative ratios of the Born cross section at the resonance peak.

T(10753) T (10753) T(55) T(55) T(65) 7(65)
RU(IS/QS’) RJ(BS/QS) RU(IS/ZS) RO’(3S/QS) RU(lS/QS") RO’(3S/QS)
Ratios 0.467 915 0.107p0; 0.45700; 0.32700s 0.64707  0.417015

Mild tension
with all
models?

Castella. et. al. Phys. Rev. D 104, 034019 (2021) |

Bai. et. al.Phys. Rev. D 105, 074007 (2022) |
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Phys.Rev.D 76 (2007) 072001 Belle-1l preliminary, arxiv:2401.12021
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O The M(n*z™) distribution is very similar with that from
Y(2S) — Y(1S)7t 7

O Use CLEO parameterization:

M x A(q* —2M) + BEE, + Bl(€'- q))(€ - q5) + (€' g)(€ - )]
The € term could be ignored because of spin flip should be very small.

Wetix &/ = 1,and Aisfittedtobe (1.1 £0.3) + (4.7 £ 1.5)i
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In the case of Y(107353) — zxY(1S)
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Intermediate state —Y (10753) — 77,

Belle-ll preliminary, arxiv:2401.12021
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Observation of Y(10753) — wy,,

[PRL 130, 091902 (2023)]

. Belle I, 1.6 fb™ Belle II, 1.6 fb™ - _
af- /5 = 10.701 GeV (s = 10.701 cevi+  + Reconstructw — 777 ”O’)(bj — yY(15)
3f- 13
2f 12« Clear wy,; signals at \/E = 10.745 and 10.805 GeV
— F .
o 1 ® [ ] ® —1
(&) " . : _
N O o DR ] --------- 1+ 2Dfitto M(z"n 71'0) vs. M(yY (15))
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P e Channel /s (GeV)
T 20
~ | 1. WXb1 10708 68.91137 3.6707 +0.4
[ : : ‘ 27 1116 28%+12 1095
5 e =ty VWS FUR (T YT 1S eld? 1, WXb2 -0-10.0 010 TU.
B Belle Il, 4.7 fb™ - _
u>J 8l is = 10.805 GeV (s = 10.805 GeV WXb1 10,805 15.0187 1.6 @30% C.L.
6F 710 WXb2 3.3753 1.5 @90% C.L.
4;_ ! A _-5
ol ® ¢ ] . . .
5 7 A\ Tl N 1 < The total y,,, signal significances are 11.5¢ and 5.20 at
() oo 5 T T it Bt e s s e = 0
9.9
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[PRL 130, 091902 (2023)]

4 -8~ Belle Il data Bellell, 1.6,9.8,and 4.7 fb" |
o —&- Belle data o 2
2 | — Total fit : 1~
6 - ==+ Solution | ERRERY
x| -« Solution || 13
3 - 13 3
T4 17
) - 12 o
+ L +
9D 2 1, &
c [ LI
T COL Ll St ol YN RTIE vy’ SEr TR TRt Lt ituteah | Aaser CrTA 440 5
10.7 1075 108 1085 107 1075 10.8 10.85 109

/s (GeV)
olee= wyx,,(1P)]<11.3 ppb @ 10.750 GeV

Two solutions (constr. or destr. interference):

(0.63+0.39+0.20 ) eV

I xB[Y(10750)~ 1P)]=
e XBLY ( ) @), (1P)] 2.01+0.38+0.76 ) eV

( )
T, XB[Y(10750) wy,,(1P)]= §(1)°§3i0-40i0-15;eV

32+0.44+£0.53)eV

At4/s = 10.867 GeV:
opomee” = wy,) = (0.76 £0.11 £0.11) pb

oo e” = wy,) = (029 £0.11 £ 0.08) pb

[PRL 113, 142001(2014)]

What we thought was
Y( 55) — (D)(bj(]- P) IS
probably just the tail of

the Y(10750)!

Combined analysis with Belle data coming soon



[PRL 130, 091902 (2023)]

[PRL 130, 091902 (2023)]

Disagreement with S-D model?

gl -8~ Belle || data Belle 11, 1.6,9.8,and 4.7 fb" |
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S 18 3
T4 17
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Two solutions (constr. or destr. interference):

(0.63+0.39+0.20 ) eV

I,.XB[Y(10750)2 wy,,(1P)]= (2.01=0.38+0.76)eV

)
(0.53+0.40+0.15)eV
I, XxB[Y(10750)2 wy,,(1P)]= 3 |
L N

32+0.44+0.53)eV

Yu2(1P) (destr) |

Xu2(1P) (constr.) -

Xo1(1P) (destr.) [

Yu1(1P) (constr.)

Prediction (S5-D mix):
[PRD 104, 034036 (2021)]
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[PRL 130, 091902 (2023)]

[PRL 130, 091902 (2023)]

al -®- Belle Il data Belle Il 1.6, 9.8, and 4.7 fb™' .
o '} -&- Belle data 1° QO . .
2 | S — Total s 12 Disagreement with both pure
3 6 : + === Solution | 7 Ty ] o
X © % - Solution I I ;B D and S-D mixed predictions ?
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© | 12 o
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Search for Y(10753) = wn,,, @y,

[Wang, Chin. Phys. C 43, 123102 (2019)]

Mode B(4q) (%) | B(bb) (%)
BB 39.37557 21.3
BB’ ~0.2 14.3
B*B 52.315%2 64.1
BB, . 0.3
W, 7.93{%0 :
fo(1370)Y | 0.2755 -

(.UT ~A) -

Strategy:

— Reconstruct w

— Measure its recoil mass
No convenient reconstruction decay channels for 17,(15)
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Compatible with S-D mixed

Lui et al. (2023)

Wang (2019)

No evidence of w transition to n,(1S)!

oplete” = n(1S)w) < 2.5pb
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Measurement of ¢e~ — BOBO), BB

arXiv: 2104.08371 [Belle Il Preliminary]

£ | 5 Belle # Belle || BB

N T A N R T AR I AR
10.6 10.7 10.8 10.9 b

More scan is needed here cm

(Pb)
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X)*Br(B_ — DeX)

‘ n

e > BB

o(e’

[JHEP 08 2023, 131 (2023)]

| | | I IEI | lE I IEI | | I | | | | I |

10.7 10.8 10.9 11
E.n (GeV)

Y(10753) — BB, is small



Summary

o Suggestive of a conventional bottomonium state
O More analyses are ongoing:

o Y(10753) = K*K~Y(nS)
° Y(10753) = n(1n)Y(nS)
° Y(10753) — 1y,

O

o Up to 79% branching fraction is missings. Where are they?

© Belle Il has collected 424/fb data, including ~380/fb Y (4.5).

O More results other than Y (10753) will come out.
o Long shutdown has finished, is accumulating more data.
O More data, more new results
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Y(10753)->Y(1S)K*K-

== Y(11020)->Y(1S)K*K~

—— ——
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Y (10753) — discovery and studies

o(Y(1S)x'n) (pb)

o(Y(2S)n'n) (pb)

o(Y(3S)n'n) (pb)

.
- JHEP 10, 220(2019) “{ « The Y(10753) was firstly observed in the process of
| by ) :{{ A ete™ = Y(nS)ztn~(n = 1,2,3) by Belle.
Y | i:__m_“,'_%l_‘_-—_;?]fr__‘_’?_irj ___________ o SR
» Simultaneous fit to cross sections and M._. .,(77)
=200 . s iy
! "o
| i k |
| . don | > 200 L Existence of Y(10753)
b e L j
: f'} S - | Computed as blue dots in left plot
|
| 1 2 150 | : |
e, o - ! 5
| “ ¥ = 2.7+5.97)7) MeV/c?
I |3 : I M = (1075 ] x5, ) cv/C
21 L U{ 'w\‘ T lj( + }[ — 1 1
| kA 50 # 4 @;ﬁ bt -H
| Mt by o) _ +17.6 +3.9
0 _-‘r ______ S I{_“{'%l:i“ !—_'_'l o (35 5—11 3 —3. 3) MeV
ol I s S I
N 92 94 96 98 10 102 104
E., (GeV) Mrecoil(™ n) (GeVic")
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% MJMMW :

| L1 I T T '| L _

$ 106 10.7 10.8

10.9 11 11.1 11.2-

|
1 L A Vs (GeV) |
@ Born
3 O Measured
05 [ { s ;":_- 5 N
i o “.;';‘.:,"T" - . M %
o o e &QM, " (ad W%
LA
0 - 1++ . ¢. " B B RPN N A PR
10.6 10.7 10.8 10.9 11 11.1 11.2

Vs (GeV)

6%®(e*e” — bb) (pb)

« A dip in the R, distribution near 10.75 GeV

. Fit to dressed cross section of bb with three BWs.

“The results from these fits may change dramatically by including more information on each

exclusive mode. ”
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K-matrix Analysis of ete~ Annihilation in the Bottomonium Region

N. Hiisken,:?2 R.E. Mitchell,! and E.S. Swanson?
Phys.Rev.D 106 (2022) 9, 094013

% (b) B*B 200f

108 11 108 11 11.2
isof (d) “B.B. 150¢
: 100f
100} g state RPP  our estimate |GM ARM NR bbg SOEF|LGT
s0f " 1°S,  |9460 0465 9444 0454 9445 0502 |9419.1(4)
= o . | of , _ | 2?51 10023 10003 10029 10010 10002 10015 [9981(4)
o 108 ! 2 108 " 108 M 21336, 10355 10354 10374 10344 10339 10349 [10384(12)
o ol (h) T(38)m A () ho(1P)mrr 4°S, 10579 (10590 - 10610) 10635 10641 10614 10610 10607
i : 5291 10885 (10878 - 10884) [ 10878 10865 10849 10848 10818
: 6°9, 11000 (11000 - 11008) {11102 11065 11064 11064 10995
't 1° Dy 10138 10156 10146 10148 10117 [{10191(9)
, . Of A - . l 23D, 10441 10453 10432 10435 10414 |10718(33)
10.8 1 11.2 10.8 1 10.8 11 11. 3 _ )
2000 3° D 10698 10697 10679 10684 10653
() ho(2P)mr| 2% ool Y(10750) | 10753 (10630 - 10780)
1500 | hybrid 11093 10952(33)
1000 ;
200
500 TABLE IV. Experimental and Theoretical Vector Bottomonium Masses (MeV).
0 0
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11 11.2

10.8

11 1.2

100

200}

10.58 10.6

/s (GeV)

150§—

100F

Strong evidence for Y (10753) with significance >100

Pole locations varies with models.

11 11.2
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Bottomonium?

Phys. Rev. D 101, 014020 (2020)

Phys. Lett. B 803, 135340 (2020)

Eur. Phys. J. C 80, 59 (2020)

Phys. Rev. D 102, 014036 (2020)

Prog. Part. Nucl. Phys. 117, 103845 (2021)
Phys. Rev. D 104, 034036 (2021)

Phys. Rev. D 105, 074007 (2022)

etc...
Hybrid?

Phys. Rept. 873, 1 (2020)
Phys. Rev. D 104, 034019 (2021)

etc...

Tetraquark?

Phys. Lett. B 802, 135217 (2020)
Chin. Phys. C 43, 123102 (2019)
Phys. Rev. D 103, 074507 (2021)
Phys. Rev. D 107, 094515 (2023)
etc...
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Two close peaks observed in the cross sections for e e~ — n7z~J/y by BESIII and
ete”™ = 7Y (nS) by Belle. May suggest similar nature.

Y(4220)/Y(4320) —» tt ] /Y o Y(4220) — yX(3872) Y(4220) - WX o
100 2 0.8 . .
—~ B _+_ XYZ Besm : B.GS]]I -+ Data 100 - + BESH[ -+- This work
o] : = i - BESIII 2014 L
L 80F —Fit] S 0.6F , = Fit e 4~ BESIII 2015+2016
' . I L0
:S- i = PRL 118, 092001 = 5 - PRD 99, 091103 (2019
S 6ol Fit Il 2017) = PRL 122, 232002 = | (2019)
B I 0.4} (2019) x50
= 40 = ? i
T X . A
£ i 'a\) 0.2 X [ [
3 20— g : C .
) i < i | 0 _ S R AL e
S TP S BT . = 0 e
0738 4 4.2 4.4 4.6 © 4.2 4.4 4.6 4.2 4.3 4.4 45 4.6
\'s (GeV) Is (GeV) (s (GeV)

e« Y(4230) — yX(3872) and Y(4230) — wy, ., were observed by BESIII.
» Expect the Y(10753) state to decay into X, y.

« Should be more easily to be found in @ Y (1) than zz Y (1) urphys..c 74 20149, 3063



Suppress background with w-Dalitz plot.
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Signal yields: (1.2 = 1.4 +0.9) X 10° ==> 05, = (2.6 £ 3.1 £2.0) pb

up
GB orn

< 8.7 pb, comparable to the UL obtained before (11.3 pb)
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Cross section (pb)

Measurement of ete™ — BB

_ B>I<
a S
s Y(6Y) ¢
5 - | k3
I 3 - Lo Y (10753) ?Y(SS) &
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! L o )i O
. Y(55) RS J L |
100 — | 100 - ;' | { H f}]ﬂ‘ :,? .
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on E,., (GeV)
JHEP 06,137 (2021)

* Coupled channel analysis of high energy scan data using the K-matrix formalism shows four

poles: Y(4S), Y(10753), Y(5S5), Y(6S).

* Need more data to fill the gaps.
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Y(10753) - ay,,

Y(10750) — w %, in the conventional quarkonium model (S-D mixing state)
[Y.S. Li, et al., PRD 104, 034036 (2021)]

11.00
B[Y'(10753) = ypow] = (0.73-6.94) x 1073,
B[Y(10753) — y,,@| = (0.25-2.16) x 1073, 10.75-
B[Y(10753) = ypw] = (1.08-11.5) x 1077, 10.50
&
ég

: . : 10.25
BIY(10753 , ©.

R, =— ( , )—>,y,_,a): = (0.18-0.22) i
BY(10753) - ypw = 10.00
BY(]0753) —>,}’b()(l)q

Ry = — —— = (0.55-0.63

02 BY(10753) R ( ) 9.75
9.50-
Sizable branching fractions s Las)

1—— 0—+ 0++ 1+* 2++
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Searchfor X, > wY(1S)ine"e™ - ywY(1S)

[PRL 130, 091902 (2023)]
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* No significant X, signal is observed.
* The peaks are the reflections of e"e™ — WXpy-
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From simulated events with m(X,) = 10.6 GeV/c?
The yield is fixed at the upper limit at 90% C.L.

m(X,) = 10.6 GeV/c?

0.45 0.33 0.10 0.14

m(X,) = (10.45, 10.65) GeV/c?

(0.14, 0.54) (0.25, 0.84) (0.06, 0.14) | (0.08, 0.36)
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