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Conventional Quarkonium
Unconventional neutral states
Unconventional charged states
Pentaquark candidates

-

* Below DD/BB thresholds-both charmonium and bottomonium are successful stories of QCD.

* There are certain parallels in the properties of hadrons containing cc and bb.



Lxotic interpretations

Quark model [Physics Letters 8, 214(1964)]:
* Conventional hadrons: mesons (2 quarks) and baryons (3 quarks)

* QCD does not forbid hadrons with >3 quarks !!

Non-standard hadrons

Nature Rev. Phys. 1(2019)8, 480-494 (2019)
Physics Reports 873,1 (2020)

Pentaquark

In addition, screened potential, cusps effect, final state interaction ...
High priority: seek unified picture describing all XYZ states, not state-by-state
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New structure: Y(10753)

JHEP 10, 220 (2019)

Yél()2753) HY(5S) Y(65) ®Belle: several ~1fb~! scan points below Y (55)
L0 . |
+ L M H 4 ® New structure Y(10753) observed in the 777~ Y (nS) transition! '
i L0
0 e il i S A ot ittt
| T(10860) T(11020) New structure
2y ‘ |
g | Y(10753) l Jres) 16s) M (MeV/c?) 10885.3 +1.5722 11000.0757 719 | 10752.7 + 5.9 141
% 5 & +4.5+0.5 8.0 40.7 +17.6 +3.9
& | e };} . ['(MeV)  36.6Z39 77 23.8 765 ~18 399111333
S i1, %% R
| 4 ® [nterpreted as conventional bottomonium!?! or exotics statel?! .
-5-
ok i N T T S T _ _ _ 3
g | Y(10753) Yss) ves) @ Predicted to decay into wy;,; with a BF of 107 based on the
u | | | ” mixing of conventional states 4S and 3D,
ol --f‘%'FT\L{H“ [1]. JHEP 10, 220 (2019); [2]. PRD 105, 074007(2022); PRD 104,034036 (2021); EPJC 80,59 (2020)
[3]. PRD 104,034019(2021); PRD 103,074507(2021); Chin. Phys. C 43, 123102 (2019); [4]. PRD 104,034036)2021.
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X,: Bottomonium counterpart of X(3872)?

®Two close peaks observed in the cross sections for ete™ — n7n~J/y by BESIHI'Y and ete™ —
777 Y (nS) by Belle'?!, respectively. These peaks may indicate similar nature.

®Y(4220) — yX(3872)"°! and wy .,'*', observed by BESIIL.
®Evidence of Y (35) — wy,, , observed by Belle!®!, BESIII observed higher charmonium decays to a))(cl,z[ﬂ.

®So expect the Y(10753) state to decay into y.X, with X, = @Y (1S), as well as a potential resonance in
the line shape of 6(e™e™ = wyy,; »).

Y (4220)/Y(4230) - ntnJ/y — Y (4220) - yX(3872) Y (4220) — wy,
100 o 0.8
: — - —— Data - is wor
g oLk +X,YZ BGS]]I = BGS]]I - 4 BESIII 2014 100 - + BGS]]I ~+- This work
g - Fitl PRL 118 092001 = 0.6 [ 17 — Fit I —%- BESIII 2015+2016
§ eo — -~ Fitll (2017) +§ i el . PRL122,232002 PRD 99, 091103
w [ & 0.4 ¢ (2019) (2019)
X 40 ~ : )
SN | > 0.2} '
% 20 - 8 T
- > - l i
ol = 0 — % A R S R
3.8 4 = 4.2 4.4 4.0 © 4.2 4.4 4.6 4.2 4.3 4.4 4.5 4.6
s (GeV) /s (GeV) s (GeV)

[1]. PRL 91, 262001(2003); [2]. JHEP 10, 220 (2019); [3]. PRL 122, 232002 (2019); [4]. PRD 99, 091103 (2019); [5]. PRD 98, 091102 (2018); [6]. PRD 93,011102(R) (2016)
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SuperKEKB and Belle Il capabilities

e+ 4 GeV 36 A

® Asymmetric energy e*e- (4 & 7 GeV) collider

/ - e- 7 GeV26A § —"
New beam pipe SuperKEKB

& bellows

'

in Tsukuba, Japan

® Much higher luminosity than predecessor

® Upgraded detectors (better vertex and

particle identification performances)

2.—1

New positron target /
capture section

® Achieved peak luminosity: 4.7 X 10°*cm?s™

® [ntegrated luminosity: ~424 /1b.




Unique scan dataneary/s = 10.75 GeV

® In November 2021, Belle II collected 19fb~! of unique data at
energies above the Y (495): four energy scan points around 10.75 GeV

® Physics goal: understand the nature of the Y(10753) energy region.

Bf_.Belle

: This is the first showing of
I I these results.
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New for ICHEP !

Analysis goals

ete” = Wy

® Determine the Born cross section for e"e~ — @y;,; using unique scan data
samples at \/E = 10.701, 10.745 and 10.805 GeV.

®Study the energy dependence cross section of eTe™ — Wy, by combining
with Belle data at \/E = 10.867 GeV'!l

ete” - yX,:

® Search for the X, using the unique scan data samples at \/E — 10.645,
10.701, 10.745 and 10.805 GeV

[1]PRL 113, 142001(2014);



. . __New for [CHEP !
Analysis overview

w (= 777 7%

e / e

K
AbT = X +_—._0
' y ¥ b (> a7 1)

Y(1S) (= e"e /uTu™) Y(1S) (> eTe /uTu™)
® Event selection

O 4 or 5 charged tracks.
standard Belle II PID: 90%-95% efticiency with 1-5% misID.

photons from y; decays: E, > 50 MeV

7 candidates: M(yy) € (0.105, 0.150) GeV/c? with 90% efficiency.
Constrained kinematic fitto z' ﬂo;/e e /u™"u " final.

€
h h

O O O O O

Best candidate based on best fit quality.

®Data driven corrections and systematics from control samples
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M(rtn ) (GeV/c?)

Mass distributions e for CHEP
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® Red box contains 95% of signals

® Blue box defines one-dimensional projection ranges
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Events / (10 MeV/c?)

Events / (10 MeV/c?)

: _ [New for ICHEP !
Observationofe™e™ - wy,,

50 25
_« Dat Belle II Preliminary o~ N Belle II Preliminary . . . .
o —;Etc%gﬁrto e Ji=sn7 & -esn Two dimensional unbinned maximum
[ — _ - — Total fit _ . . . —
o TGV 8 L e [ 0% likelihood fit to M(y Y (1S)) and M(z*n~ ")
0 I
o 100 (d)
g’ s5F Channel
L1 i
975 98 98 99 995 10 0.7 0.8 0.9 SR +0.7
My Y(1S)) [GeV/c? Mix'six) [GeVic I . 30207 (Stat) 0.4 (syst)
.6
-+ Data Bele I Prliminary] | Belle II Preliminary AR OF /%) 2767100 | 2.8*]7 (stat) £0.5 (syst.)
O —Tomift o fra=a7h L sj—+:ata”_ [ Ldt = 4.7 157!
T J/5=10805CGev| o [ lowlft Vs = 10.805 GeV T 0+6:8 0
______ ;c(:? E 6] — Background ete” = Wy 15.07.5 1.6 @ 90% C.L.
i Xf'fS , (e) I 4-_ (f) 10.805 .
Ab1™2+40 4 i g 4 | ete™ — wp, 3.323% 1.5 @ 90% C.L.
LUl I ! $9 ¢
0 ol : 08 No evident signal are found at \/E = 10.710 GeV.
9.75 98 99 9.9 10 0.7 0.8 0.9

M(yY(1S)) [GeV/c] M(rtn ) [GeVic?]
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Observation of Y(10753) — wy,,

- (a) Belle II Preliminary

-o- Belle Il data
! i -+ Belle data|1]
3 . — Best fit
ST Solution |
----- Solution Il

. y2/ndf = 0.5/1

,,_
o(e'e —~wy ) (pb)
O”I_;mll\) w S (T'l O N 0 CD”O

17 1075 '108‘ 1085 10.9
's [GeV]

s (b) Belle IT Preliminary

-o- Belle |l data
-+ Belle data|1]
— Best fit

----- Solution |

----- Solution Il

*/ndf = 0.1/1

ole’e—wy,,) (pb)

4y
I mq

10.7 1075 '108 10.85  10.9
/s [GeV]

[',,BY(10753) = wy,,)
o

° T, B(rtn-Y(2S))2

New for ICHEP !

The e"e™ — wy,/, cross sections peak at Y(10753)
while no obvious peak at Y (10860) is found!

Combine with Belle measurement!'! to fit cross section with
function:

\/ 12aT,, 8B, \/ PS,/5)

s—M2—iMT \| PS,(M)

g (VS) = 1\ PS,/S) + BWG/S)e . pwey5) -
M and I are fixed referring to Ref. [ 2]

Solution | Solution Il

IR COLIARISIOR (0.63 +0.39 +0.20) eV (2.01 + 0.38 + 0.76) eV
W70 LRI (0.53 +0.46 +0.15) eV | (1.32 + 0.44 +0.55) eV

~ 1.0 agrees with the expectation for NRQCD[3]

Fee‘@(Y( 0753) —> a))(bz)
Feegg(a))(bl/Z)

~ 1.5 for Y(10753) and ~ 0.1 for Y(10860)

[1]PRL 113, 142001(2014); [2]. JHEP 10, 220(2019); [3]. arXiv:2112.09092;
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New for ICHEP !

Search for X,

ete” - yX,:

10 30 10

YR -~ Data Belle II Prelz'mz'nary YR +Data Belle II Prelz'mz’nary YR +Data Belle II Prelimina YR +Data Belle II Prelimina
0 a . o [ (b o | (C ry o (d ’"y
o | —ee- O | —e'e—0 O —e'e—~0 O —e'e -0

> T Expecte X Vs = 10.653 GeV = .r ExpecteﬁJ X Vs =10.701 GeV S 20 ExpectXEX\/_ 10.745 GeV| 5 | ExpectxﬁJX\/_ 10.805 GeV
o | - Smooth bkg ®) or - Smooth bkg o | --Smooth bkg o 6 | ---Smooth bkg

J 5 J4f I g

2 ! 2 | 2 10 8 :

C | | \ | \ U \ l'| C | C - C

o | ! I O 2r t O T 0) 1

> Tl > [ | > >

- 0- T ' T 1 ""'I'.ll‘ 1":"" i OJH!T ‘ ‘ - 0 ' re e L 0—. ..................

102 103 104 105 106 107 102 103 104 105 106 10.7 10.2 103 104 105 106 0.3 104 10.5 106 10.7
2
M(wY(1S)) [GeV/c’] M(wY(1S)) [GeV/c’] 2, MY (1S)) [GeV/c?] \ M(Y(1S)) [GeV/c?)

® No significant X, signal is observed.

_ Lo From simulated events with M(X,) = 10.6 GeV/c*
®The peaks are the reflectionsofe™e¢™ — @y;;  The yield is fixed at the upper limit on 90% C.L.

Upper limits of \/E (GeV) 10.653 10.701 10.745 10.805

GB(E_'_B_ —> }/Xb) ‘
BX, - 0 Y(1S))
CDERTIARES 17X ) = (10.45,10.65) MeV/c? (0.14, 0.54) (0.25,0.84) (0.06,0.14) (0.08, 0.36)

1
O

M(X,) = 10.6 MeV/c? 0.45 0.33 0.10 0.14




Summary

We are at the beginning of a long program of quarkonium physics.

The unique scan data near \/E = 10.75 GeV at Belle Il provide an opportunity

to understand the nature of the Y(10753) energy region, as well as the
quarkonium spectroscopy.

New decay modes of Y(10753) — wy;,; are observed for the first time.

No significant X, signal is observed with a mass around 10.6 GeV/ c’, and the
upper limits at 90% C.L. are set.

Other active ongoing analyses based on unique scan data.
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LLBOY(10753) — ag) )
[,,B(Y(10753) = wyy,) |

1.24 £+ 0.56(stat.)
0.92 + 0.37(stat.)

1 28 + 0.57(stat.)
1 09 + O 40(stat )

Solution I:

2/ndf O 4 and 0.1 for wy,; and Wy,

Ref: [1]. JHEP 10, 220(2019);
[2]. PDG 2022




Channel /s (GeV) N*¢ N"%(o) ¢ [1-TI[* 140isp osye(%) o° (pb) 05" (pb)
e'e” wyw 10,701 30 - 0184 0931 067 157 16.5
ete” 5wy 0072, 39 - 0186 0931 064 9.2 0.077 ) (stat.) 1.2
eTe” = Wy 01722 40 - 0184 0931 062 0. .17 (stat.) 25
e swye 10745 30750 118 05 0185 0931 065 17.0 2870 (stat.) 111
ete™ = wyy 68.9750 - 59 0185 0.931 065 116 367 I(stat.) 4 0.4(syst.)
eTe” = wyp M6 00 - 31 0186 0931 065 135 2871%(stat.) £ 0.5(syst.

e swypo 10805 36757 98 12 0184 0932 112 2Ll 41757 (stat.) 11.2
ete” < wyn 150705 260 27 0184 0932 112 166 0.9703 (stat.) 1.6
ete” 3 wym 3.3if3,8 125 08 0185 0932 111 168 0.470 ! (stat 15
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Systematic uncertainty(%) onc°(ete™ — wy; )
and o “(eTe™ — yX,) X B(X, > 0 Y(1S))

S— — — —

_ B B N o - - _ - B —

Final states WXb0/WXb1/WXb2 v Xb l

Vs (GeV) 10.701 10.745 10.805  10.653 10.701 10.745 10.805

| Detection efficiency 4.9 4.9 4.9 49 49 49 49 |
Branching fractions 14.7/7.4/7.3 14.7/7.4/7.3 14.7/7.4/7.3 4.7 4.7 4.7 4.7 |
Radiative correction factor 2.0 5.1 13.7 02 04 05 0.7
Angular distribution 1.0 1.0 1.0 10 10 1.0 1.0

’ Fit model 1.0 3.3/46/82 21/16/1.0 86 32 70 7.7
Trigger 1.0 1.0 1.0 1.0 1.0 1.0 10 |
Beam-energy . 3.2/2.5/3.0 3.5/2.3/3.6 - . . .
Luminosity 0.6 0.6 0.6 06 06 06 0.6

15.7/9.2/9.1 17.0/11.6/13.5 21.1/16.6/16.8 11.1 7.7 9.9 10.4

———— —_——————————— |
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Events / (10 MeV/c?)
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Belle Il potential —10.75 GeV

Other active ongoing analyses based on unique scan data:

BB decomposition ® Precise measurements of the mass and width of

Y (10753)
® Search for more decays of Y (10753)

® Search for the the X, state (the bottomonium
counterpart of X(3872))

® Study the 77z~ /w/n/@ transitions in the e e
annihilations to test NRQCD

ete” = wn, (1)
ete™ = i, (15)
ete” — nh,(1P)
ete” = Y(1S)+ X
ete” - nn Y,(1D)

ete” - ntn Y (nS)

ete” —» " hy(nP)
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