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BELLE Il EXPERIMENT 2
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UARKONIA

= ¢c and bb mesons (or charmonia and
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EXOTIC HADRONS <2

?
YY7 states: what are they"
lots of them in charmonium =

bottomonium analogues: Yb, Zb, Z'b which parfons compose them?
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THE BELLELEGACY

BelleeKEKB (B-tactory) — optimized for €
| , = = | ke ] i "~ I
e'e — T(4S) — BB ‘W[ ____________ S

However
Y(5S): discovery ot hb(1,2P), nb(2S), Zb(10610,10650)
PR D91 072003, PRL 109 232002

exotic states and anomalous 1t transition widths

Y (10753) Y(SS)\‘ H Y (6S)

o(Y(1S)n"n) (pb)

o(Y(2S)n ) (pb)
(6]
K im
' T__j:__

Process Partial width = I l T
T(10860) — Y(3S)7™ (0.59 £ 0.04 + 0.09) MeV
T(10860) — T(25)7* (0.85 4+ 0.07 i() 9) MeV
Y(10860) — Y| 1%) 7~ (0.5270% £0.10) MeV
T(35) = Y(1S)ntn (8.9+0.8) x 107* MeV

3

-

1

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

Energy scan data: Y(10753) aka Yb

rise in hadronic transition cross sections (resonance)
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DISCOVERY OF Y(10753) —

Observed in the e* e ->Y(nS) ™ it (n = 1,2,3) cross section
energy dependence by Belle (JHEP 10 (2019) 220):

T (10860) T (11020) New structure

M (MeV/c?) 108853 £1.5%22 11000.0%%2 119 | 10752.7 £5.9 71

O —]

[(MeV) 3667557 23853 s [ 3555013 53
[ & B bl ) e A C ] & T & ] & &4 ]
Vs ~ 10.75 Ge
— 400 |- ,e ._ ~
a A dip in o(e’e” —bb)
3 | can be described by
) w ‘| Y (10753)
o 200 | CPC 44.8.083001
% | | (2020)
0 1 L Skt St L~'4“~y..:'.,.1“1~..-, 2 PR T |
10.6 107 108  10.9 11 U T TR
Vs (GeV)
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WHATS THENATURE OF Y(10753 ===

d  Tetraquark state:
CRPC 43 12. 123102 {(2019].
Jd  Far from the thresholds; PLB. 802, 136521 7 {2020},

Y(4s) BB B'B’ BsBs B; B, Y(55) A Hadronic molecule with a small
admixture of a bottomonium:
PRD 103, 074507 (2021)

d  Hybrid state:
PRD 99,1.01401/7 (2019)

vaas) YG3D) Y(55) Q Conventional bb state:
1055 10.60 10.65 10.70 10.75 10.80 10.85 1090  10.95 EPJC 80, 1,59 (2020)
Vs [GeV] PLB 803, 135340 (2020)
PRD 102. 1. 014036 (2020)
(A Mass does not match Y (3D) theoretical predictions, and PRD 101, 1,014020 (2020)
D-wave states are not seen in e*e” collisions; PRD 104, 034036 (2021)
QY (4S) - Y(3D) mixing can be enhanced due to hadron PRD 105, 074007 (2022)

PRD 106. 094013 (2022)
EPICA3T. 357 2022)

loops.
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ABOVE Y(4S):NOV. 2021 ENERGY SCAN K=

Y (10753) state was observed inthe e e -»Y (nS) " (n = 1,2,3) cross section energy
dependence by Belle (JHEP 10 (2019) 220).

3.5/fb 1.6/fb 9.8/fb 4.7/tb 12— — [ 1 r — T
B Py ) _ B Belle
<L [ T 10f 9.8 fb~? e
o Ll ' 10° mmm Belle I §
e 5 =T 1
B = 8- ~
4 ) E
= ;| 5% 47 bt E
© o '
\ @ i ” il
L. \\ g 4 St i
_ \{\ 7 { r”‘ii;:» ‘} A 8 - -
PP T e [ i ] | | l 1 | I | I [ I 1 N l | | I 1 ]
L R ST I 5| SEY VIS PR W, 18.60 10.65 10.70 10.75 10.80 10.85
10.5 10.6 107 10.8 10.9 11 E.m [GeV]

E.. (GeV)

d 19 fb ! scan around Y (10753) was collected in November 2021;
J  Belle ll collected the data in the gaps between Belle energy scan points;
[  The point with highest statistic (9.8 fb™!) is near Y (10753) peak;
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STUDYOFc*e~ - BXBM <D

Belle II

Q  o(ete ->B™B™) energy dependence show complicated spectra, that
hard to describe with resonance shapes;

[ Rescattering and opening of the various BB thresholds cause
oscillatory behaviour due to the coupled-channel effect;

Q Coupled-channel approach is necessary to study o(e*e” -B*B®)

JHEP 06 (2021) 137

shape;
g @ 2 @ g @ -
: s |2 ge | 3 w OB
BB | BB : (10753
@ ’ 0 Y(10753) %
2 Y(10753) 2 2 N I
o 200H o 200} 2 © 200 B 4
O O 7 O
100 100 | 100 |
1 0 0 =
Al A PRSI CETNL [ AT VIS Vo yowwpee| [RRr e v | Wy | (SP VRN VINN VNN U [P VORE e YOReT ey | Ky g g g giogu Joogipgig L LN 3y _ug gy R i o |
10.6 10.7 10.8 10.9 11 10.6 10.7 10.8 10.9 11
E., (GeV) E. (GeV)
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GLOBAL PHENOMENOLOGICAL ANALYSIS b=

Data:

- a : 200F : .
eof; VP 2005} , W ol d  Two-body exclusive cross sections
:8 . + 100- ot 100;_ o(e’e _)B(s)(*)B(S)(*));
50F " ’
0 . i - _ : _ ‘ d  Three-body exclusive cross sections
10.8 11 12 0 10.8 11 2 O 108 11 19.2
: 5oF 4 o(ete =Y (nS) " ), n=1,2,3;
1505— 1005_ 3 G(e'*'e‘—)hb(mp) T[+ T[-), m = 1,2’
100 X .
o 50F 21 4 Combined Belle and BaBar R
S o - . of . . 0 . . measurement;
O 10.8 11 112 10.8 11 g 10.8 11 11.2
= Use coupled-channel approach.
Poles: Y (4S), Y(10753), Y(5S) and Y
(65)
Jd  Results: pole positions (mass and

10.8 11 11.2 ' 0.8 11 1.2 10.8 11 11.2

width), branching fractions,

2000F
1500f 400 dependence of scattering amplitudes
1000¢ 200l on energy.
500;
108 11 112 0 10.58 10.6 062 ° 108 11 19.2
Vs (GeV) PRD 106 (2022) 9, 094013
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TWO BELLE Il RESULTS WILL BE PRESENTEDN

10

More data is necessary:

4 To study Y (107/53) nature;
Jd  Improve accuracy below Y(5S);

!

Perform energy scan at the Belle || experiment.

!

Two Belle |l results will be presented:

d e'e—uwy, (1P)and X —wY (1S)
d e'e—BB,BB and BB’
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<O

Belle II

Search for e'e—wy, (1P) and X —wY (15)

PRL130 091902 2023)
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Motivation to search for Y(10753)—wy, ,(1P) 2

Theory:
d Mixed Y (4S) - Y(3D) state: wy,, could be enhanced (PRD 104, 034036 (2021)).
Charmonium sector:

@  Similar to Y(10753) structure Y(4220) was observed in e'e” — J/W it cross section dependence by
BES Il (PRL 118, 092001 (2017)).

d  Y(4220) peak was observed in pyX(3872) and oy, final states by BES Il (PRL, 122, 232002 (2019), PRD

99.091103(R) (2019)).
d We can expect Y(10753) to decay into y[X, —»Y (1S)] and ay, , final states.

Y(4220)/Y(4320) — 1T+1T‘]/1[) Y(4220) — yX(3872) Y(4220) — wXco
I 20.8 | e
o [ +XYZ BESM s Besm —+- Data 100 - + Besm ~4- This work
2 80 __Fit] g’o 6L f?i?s"' 2014 P -4~ BESIIl 2015+2016
> b wari PRL118,002001| & : PRL 122, 232002 < PRD 99, 091103 (2019)
=S QOr (2017) S - 3 \
© : T_O'4- (2019) ? 50 |
E-f’ 40 - o E o ¢ ¥
o Fq ; % 0.2 s | 4 +
Q o ™ . £
< 20: ;<:. 0: lllllll of ) Py e | |
058 4 a2z a4 46 ] 42 4.4 4.6 : 3 44 45 46
's (GeV) \'s (GeV) s (GeV)
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Observation of Y(10753)—wy, ,(1P) <2

w(—= wtr~7)

. / s 2D fit to M(yY'(1S)) and M(rttr iiY):

Belle Il, 1.6 fb” Belle Il, 1.6 fb™
- Ys = 10.701 GeV ¥s = 10.701 GeV 14

Xb7 PRL 130, 091902 (2023)  f

/ e of EP
1 » 3 o s 1

01'\
Y(1S)(—eTe /uTp7) L TS N S Y T T 1,
: % A Belle 11, 9.8 fb™ Belle 11, 9.8 fb™
Channel /s (GeV) N®& (o) oB (pb) = af —Toun {s =10.745 GeV| - Data (s=10745GeV]
[ - Background — Total fit 1
e~ s wxpo 10701  <3.0 - < 16.6 o ; il
F
Te™ — wxen <39 - <12 St
te™ = wxse < @0 - = 2.5 0
Te” S wxeo 10745 <120 05 <113 S shldod. b blditedd :
e +13.7 +O.7 > - Belle I, 4.7 b’ Belle II, 4.7 fb™ ]
ete — wXp1 68.9 13 5.9 3.6 45-,1+0.5 ) TS /s = 10.805 GeV Vs = 10.805 GeV ;
Te™ — wxpe Ly 28+ + 0.4 :
Te” > wxpo 10805 < <9.9 1.2 < 11.4
e~ — w1 150 e's 2.7 210 4.5 o
e~ 5 wys2 0 i <1.6

£9.75 9.8 9.85 9.9 9.95 0.7 0.8 0.9

M(yY(1S)) [GeV/c?] M(m* ) [GeV/c?]
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Observation of Y (10753)—wy, ,(1P)

w(— 7wt~ x%)

/ d  Fit with coherent sum of PHSP and BW.
e et
72D 12T .. B;T |
/ V() + s\i 1\;2 T 22((\1\/45)) il
XbJ PRL 130, 091902 (2023) 2
/ N, A  Mandl are fixed to 10752.7 MeV and 35.5 MeV
Y(1S)(—=ete /utp ) sl -®- Belle Il data Belle Il 1.6, 9.8, and 4.7 fb™ .

—A= Belle data 19 .0
_ ft = Total fit g 8 :

6 ;% === Solution |
9 ==+ Solution Il

a Confirms Y (10/53) state;

NN

G(e+e'—>a)xb1) (pb)

A No peak at Y (bS);
QA oly,,0)/o(,,0) ~1; 2
O ofy,,0)/Y(2S)'T ~ 1.5 T, Y —Ac N :
0 105510
. . /s (GeV)
Solution I Solution II
Tseby

(constructive interference) (destructive interference)
TecBs(T(10753) — wxs1) (0.63 £0.39 £+ 0.20) eV (2.01 £ 0.38 £ 0.46) eV
CeeBf(T(10753) — wxpe) (0.53 £0.46 +£0.15) eV (1.321+0.44 £ 0.55) eV

M.C. Chang - Quarkonium/QCD results at Belle Il - Beauty 2023

D

<O

Belle II
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Discussion o

Belle I

Previously Belle measured o(e*e'— y, (1P)o) at Vs = 10.867 GeV (PRL 113 (2014) 14,142001);

4 Y(5S) and Y (10753) have same quantum numbers and similar masses, but there is a difference:

o(e’e” = xps(1P)w) < ~1.5at s =10.745 GeV
o(ete” — T(nS)r*n~) ~0.15 atys = 10.867 GeV

A Order of magnitude difference is observed for this ratio at Y(5S) and Y (10753)

It indicates the difference in the internal structures of these two states.
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Search for Y(10753)—yX [-wY(1S)] o

Belle I
— / & 3 No evidence of X_ (partner of X(3872)
> < in bottomonium) signal;
/ 3 Only y,,(1P) reflections are seen; _
Fit to M[oY (1S)]
/ \ —)'71' T 7'('
PRL 130 091902 (2023) | —*-Data Belle Il, 3.5 fb! | —e— Data _ Belle Il, 1.6 fb'' {10
Y(18)(— ete /utp") _ 10— Total fi Vs = 10.653 GeV ::Z‘i::x Vs =10.701 GeV |
NQ L Expected X Eare Expecte:jJXb
A Upper limits on cross sections are set for s [ . | | PmooiiAe T
5 -
M(X.) € [10.45; 10.65] GeV: ! I
gL __ ik = J u 1 . ]
ox, =opg (e te™ = vXp)B(Xp — wY(15)) Mg e 4 NS SENE . SR S S 2 et ;
=~ 30} Belle 11, 9.8 fb™ Belle Il, 4.7 fb™
2 | /s = 10.745 GeV (s = 10.805 GeV {10
Vs (GeV) Mx, (GeV) 0%, (pb) &
10.653 10.59 < 0.55 o
10.701 10.45 < 0.84
10.745 10.45 < 0.14 B o AL et i N,
10.2 10.3 10.4 10.5 10.6 10.3 10.4 10.5 10.6 10.7
10.805 10.53 < (.47 M(0Y(1S)) [GeV/c?]
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<O

Belle II

Energy dependence of the e*e—B!'B!")
cross section
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Energy dependence of the e*e—B!"'B!) cross section

10.746 GeV

cm

AE' vs Mbc at E

2021 157

EP 06 (

|

IS

Previous Belle analys

Is fully reconstructed using

d  One B meson

ic channels

hadron
a3 B*

decays are not reconstructed

—By

—E._/2

AE = AE + M,

| < 18 MeV

IAE

3

bc’

Jd  Signal is identified using M

M,. [GeV/c?]

2
B

/4 —p

2

cm

w =y
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M,.FIT AT SCAN ENERGIES <<

A

kS, : BB* ~ ; \‘\5 60 : &\‘: 200:— Belle Il B*B* 10.746 GeV ) _ Belle II ~ B*B* 0.805 GeV
% ol Belle | f B*B* 13?5655‘68\/ : | 11967:);1Gev % | ’: Jl % 100- elle B+ ih 14'7 fb§1 e
(5 %E g« | } 1
E Pre“n]inm'y Li rjl“ S | ‘: U] - , + S 60 - p]'Clilnina]‘y 4“:% | %
bl _ IR [ vl j =
| BB i | 20} BB || | Y(4S) ISR “! i L ﬁ{ * e
I 4 | A \ MH = b, 4t pﬁ\tf ki |
it CEELNVI LT i L R L A
28_""’1 s P S O T O B;M‘N;mj‘lg LA ol 0 '. RS B B EE i
iyt I TR LRI
PRI TTHT TN g AL,
03 5% 55 55 B4 %.2“ ! 51,25' — ‘5.3'1‘ 53 54 a5 525 53 535 54 Bs w2 B3 ©m @ O

\ " [&ﬁ My, [GeV/c’] M, [GeV/c? M, [GeV/c?]

- Good description of the M, _in data;

d  Contribution of Y (4S)—BB production via ISR is visible well described by the fit;

3  E=10.653 GeV sharp cut of the data at right edge = fast rise of B*B* near
threshold;
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Belle II

D
ENERGY DEPENDENCE OF THE CROSS SECTIONS

Simultaneous fit to:
Exclusive cross sections measured by in this work and

A Total cross section (CPC 44 8.
previous Belle study (JHEP 06 (2021), 137/);

3

083001 (2020))
) 0.1>; = .
< o ® Belle BB = | S "
3 N ¥ Belle Il : f | Preliminary - BH
g o005 U 3 3 [ |
o i g 04l | ,
o b e BB
f , total cross section
0.3 | -
b ke
} | /A% )// BN
IR W G
S H Ao
O UL e
": “q' l ....... ‘-“ —
0.1} 1 v '
r %x/ |
[ |
/i e i
0 EoL i A PR il e ORISR _ ]
10.55 10.6 10.65 10.7 10.75
E . [GeV]
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COMPARISONOF s, ;andog; + o + 055+ S

d  Good agreement at low energies;
Q Difference at higher energy is due to BS(*)BS(*), multi-body BOBT(1T) and
bottomonia;

g 2of = 5 2 | = _
o : Preliminary t total bb - 0.5} Preliminary ) total bb
§ ¢ Belle g ' ¢ Belle
= = ¥ Bellell 2 ¥ Belle Il
LS ¢ 0.4 ]
f 0.3} { %i ié I
- a4 FLT At BT
’ - jﬂ; '%ﬁi‘% &
| ; IH‘I T}% ?ﬁ{ H
0.2+ 71l ‘
: { ®
0.5 | )
‘% 0.1 | .
R 1
W
oL : 0 T [ T e il s e Phoit fradsaall]
106 107 108 0.9 11 1 11 $. 106 10.7 108 10.9 11 11.1 112
 [GeV] E.. [GeV]
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DISCUSSION

New measurement complements previous Belle result:

d  Solid curve — combined Belle + Belle Il data fit
A Dashed curve — Belle data fit only

o(e*e” »B*B*) rises rapidly above B*B* threshold:

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

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

d  Also explains a narrow dip in o(e*e” —BB*) near B*B*
threshold by destructive interference between
e*e —»BB* and e*'e- —»B*B* —BB*;

4 Y 't and h 7 final states could also be enhanced
(PRD 87, 094033 (2013)).
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<O

Belle I

CONCLUSION

Golden Modes
ete” o> ata"Y(pS)(— £T¢7)

Observation of e*e’—wy, (1P) at /s = 10.75 GeV BB decomposition] Preliminary|result
d  ole"e—wy, ,(1P)] has a peak at 10.75 GeV ' Dalitz
A Confirmation of Y(10753) and observation of its new Y, — wny(1S)
decay channel; ‘ Y, — wXb,](lP) PRL 130, 091902 (2023)
Silver Modes
Energy dependence of e'e’— BB, BB* and B*B* Y, — 7tm~ X (inclusive)
d  Confirmation of “oscillatory” behavior, improvement of Y, — nX (inclusive)
the accuracy; Yy — nY(15,28)(— £7£7)

I + o
d  Rapid rise of o(e"e” —»B*B*) above threshold - signal of Yy — an(lS)_(_) £ .g )
Y, — Y(1S) (inclusive)

molecular B*B* state?
Bronze Modes
Yy — TAp

Scan above Y (4S) gives an opportunity for a lot of unique
(45) 9 = i = Yy — m0707 (pS)(— £+£-)

studies:
Y, = KK(¢)Y(pS)(— £1¢7)
d  Y(10753) decays to different final states. Study of its Y, — n97%X (inclusive)
properties; Y, — w°X (incl. or excl.)

d  Energy dependence of the various final states
production;
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