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Datasets and new quarkonia

From QWG website:

Integrated luminosity of B factories

-1
(fb™) >1ab™?
1200 On resonance :
Y(5S): 121 fb !
Y(4S): 711 b !
Y(3S): 3"
Y(2S): 25!
Y(1S): 6"

—KEKB EP

1000 +

~100 fb!

B r ~ 550 fb!

On resonance:
Y(4S): 433 b !
Y(3S):30 !
Y(2S):14 !
Off resonance:
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Datasets at Belle 11

« Collected ~428 fb! around
IR WORLD RECORD: 4.7 x 10°* cm™*s! Y(4S) until now
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Selected topics:

Quarkonium at Belle:
d X(3872) —» D'D*® [PRD 107, 112011 (2023)]
d ete” -1/ [arXiv: 2305.17947]

Quarkonium at Belle II:
de'e” — wyy and X, —» wY(1S) [PRL 130, 091902 (2023)]

dete” — BB, BB* and B*B* [Preliminary]
deTe”—wn,(1S) and eTe”—wxy,o(1P) [Preliminary]
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A new measurement of X(3872) —» D’°D*? at Belle

X(3872) (aka x.1(3872)) — very famous exotic states

« Narrow width
 Close to DD* threshold

 No place in charmonium potential model

« 1t from p decays thus isospin-violating process

Branching fraction observed to date

® DD

® Jiyp (- ztn)
JIyw

@ Xcl”o

® vQ2Sy

® Jyy

® Not seen

(37 =£9)%

PRL 91, 262001 (2003)
100

Events /( 0.005 GeV )
N N w »
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- The X(3872) —» D°D*? decay has

the largest BR.

« Determining X(3872) —»

D°D*Y coupling strength is
important to discuss the
structure



Analysis strategy
X(3872) -» wrm~J/y or X(3872) - D°D*0?

D’D™
decay mode

Jhyrntn~
decay mode

FWHM
~1 MeV

X(3872) lineshape

K nt
N
B — X(3872) ’Q I G Signal efficiency is improved by a

-t~
\ K n'nn factor of 1.9 compared to previous
Kgn’“n‘ Belle measurement [PRD 81, 031103

wtg-  (2010)1.
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Fits to M(D’D*?) with a BW function

[PRD 107, 112011 (2023)]
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= Total

Bt - X(3872)K+
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3.9

Broken signal: at least one of the
final states is wrongly assigned.

The yield ratio between signal and
broken signal is fixed based on MC
simulations.

Results:
« Significance: 7.50 in total
« First observation from the B°

decay (5.20)
« Branching ratios

B(B* — X(3872)K*) x B(X(3872) » D°D**)
= (0.9715% (stat) £ 0.10(syst)) x 1074,
B(B° - X(3872)K°) x B(X(3872) — D°D*%)
= (130335 (stat) 32 (syst)) x 10~*,
« Mass and width
mgw = 3873.711)28 (stat) & 0.13(syst) MeV/(?
[pw = 5.2773(stat) & 0.4(syst) MeV
« All are consistent with Ref.

[PRD 81, 031103 (2010)]



Flattée-like model

gkpopo [PRD 76, 034007 (2007)]
AE) =
I 2
| E — Ef 5 E[FO = FJ/WP(E) o FJ/!/IG)(E) + g(kDOD'*O 1 kD+D*—)] |
Mass difference from Partial widths for Coupling to DD* channel
D’D™ threshold radiative, J/yp, and J/yw decays -+ g : Coupling constant

to DD* channel
k, : Momentum for channel a

Fit does not converge w/o constraints due to

Change in lineshape with respect to g

poor statistics. Thus, 5™ — =0
* Jjye IS fixed by world-average BR _
* Ef, Ty, and Ty, are fixed based on LHCDb 3°°§‘ TZ.;;O
results [PRD 102, 092005 (2020)] Bglersasee,
— Only g iS ﬂoated 87 2875 388 3885M(::)89[)) )3[5(;;2\//;.]9 .



Fits to M(D°D*?) with a Flatté-like function

[PRD 107, 112011

(2023)]

Events / ( 0.002 GeV/c? )

Events / ( 0.002 GeV/c?)

80
70

60§

50
40

30 E

20
10

m Signal % Broken signal

===+ Generic background = Total

E Bt - X(3872)K*

- D0 - DYy
' OF 1y

20
= 0

387 3875 3.88 3.885

3.89

M(D°D %) (GeV/c?)

3.895

3.9

387 3875 3.88 3.885

_ Fits to M(D°D'®) with a Flatté-like function 15 ’
L D*0 - DYy }
: 10

1

; 0 ~

3.9 ;
-

3.95

h—

4

P

3.89

M(D°D °) (GeV/c?)

3.895

3.9

Events / ( 0.002 GeV/c? )

Events / ( 0.002 GeV/c? )

30F

12_—

25 F
20 E
15 F

10 |

B* - X(3872)K*
DO 5 pogo 2°

387 3875 3.88 3885 389 3.895 3.9
_*O
M(D°D ) (GeV/c?)

10|

Fits to M(DD) with a Flatté-like function 10

SR

o=,
o e LT

387 3875 3.88 3885 389 3895 3.9
M(D°D*) (GeV/c?) 12



—

Partial width [MeV]

Result and discussion

Energy-dependent [PRD 107, 112011 (2023)]
partial width for g = 0.094
2} — DD channel (gkpop)
of == Jiyp channel ) - Fit result: g = 0.2972%2 (stat. only)
s [ =" J/yw channel (r,,) = Lower limit: g > 0.094 (90% C.L.)
=k ™ Other channels () including systematic uncertainty
4 _ « Partial width for D°D*® channel is rather large
2|
0 _ e e B L L O o T

—1'0;8—6 ;4.-2-0 2 4 6 8 10
Energy difference
from D°D™ threshold E [MeV]
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Search for the double-charmonium state with n.J/y at Belle

« LHCb, CMS, and ATLAS observed new resonances in the J/WJ /U (cccc) invariant mass
distributions.

(g Sci.Bull 65 (2020) 1983 Z] arXiv:2306.07164 TLAS  arXiv:2304.08962
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+ The lowest mass combination of charmonia to which a vector cccc (Y..) could decay is

N<J /W, and this process may have a relative large branching fraction [Phys. Rev. D 73,
094510 (2006)]. 14



The energy cependency of the Born cross sections for ete™ - n.J/W

+Y(1S) Data

5r
: § e:— o § 6f +¥e8)Dat § ‘3‘_ +79)Data I Exclus|ve [arX|v. 2305.17947]
@ 4 @ 4 2 | .
. € c c of
L ) \ M g | Process
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ete” - n.J/¥ near threshold

[arXiv: 2305.17947]

—
N

B 35§
o 10:— ~, 30 4
s 8 2 25 !
S of | T S 20 I H
S 6 ¢ *|| L S b [
~ = L "'y '.““ S 15 + s‘wil.élav.u- uu;_; I rAEE
L 4F e " 2]
& f < TPITPT allalar Ll S 10 ,‘1 ]l
N f"; 5 J:
% 85 7 g 8 °% 65 7 7 5 8
M(n J/\|l) (GeV/c?) Mrecoil(¥ s) (GeV/c?)
Red solid curve: best fits __Parameters | _Exclusive | _Inclusive
Blue dashed curve: the background >
component M.ass (6267+43) MeV/c
Green dotted curve: fits without the signal Width (121+72) MeV
component Yield 9+4 23+11
Significance 2.20
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Measured cross sections of ete™ — n.J/y near the threshold

A simultaneous unbinned maximum likelihood fit
for the 1. invariant mass and y;sgJ /W recoil mass:

Vs = 6.0 - 6.4 GeV Vs =6.0-6.5GeV +s=6.0-6.6GeV

14

Events / 40.0 MeV/c?
Events / 40.0 MeV/c?
Events / 40.0 MeV/c?

Events / 40.0 MeV/c?
Events / 40.0 MeV/c?
Events / 40.0 MeV/c?

2.5 3 35 25 3 35
Mm)M__(rJhy) (GeVic) MM __(rJ/y) (GeV/c?)

The evidence for the enhancement of e*e™ — n /Uy near the

threshold.

Cross sections/pb

[arXiv: 2305.17947]

T — T
__ -&- step 400 MeV __
;_ -&- step 500 MeV _;
3 ‘ -4 step 600 MeV =
l —— é
o ——
= A —]
1
6 7 8

center-of-mass energy (GeV)

Green solid curve: the fit
Shadow area: +1o0 region
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Quarkonium at Belle II



Bottomonium

lso 351 1P1 3Po 3P1 3P2 3D2
\f
11000 o2k
Y(5S)
Thresholds:
10800 - Y(10753) BB
[ eN\zwees o BE
106001 | | e Q) BB
mm N Xb1(3P) Xb2(3P)
~ 10400 - Y(3S)
L |
E nmn e bo(2P) X61(2P) el
= 10200 - . Y2(1D)
&; Y(2S) i
© 2S MR m i
s 10000 22%2L )
hp(1P, b2
nmn b( o0(1P) b1 Xb2(2F)
KK
9800 -
nn
9600 -
bY(6!
9400 1 Np(1S) (1s
0-+ 1-- 1+- o++ 1++ 2+ + - -
JPC

- Below BB thresholds - bottomonia are

well described by the potential models.

- Above BB thresholds - bottomonia

express unexpected properties:

- Two charged Z; states are observed
(B(*)B* molecular?)

- Hadronic transitions are strongly
enhanced (OZI rule violation);

- n transitions are not suppressed
compare to n*n” transitions (heavy quark
spin-symmetry violation);

Conventional bottomonium (pure tlE statei)
Bottomonium-Llike states (mix of bb and BB)
Exotic charged states (Z{)
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o(Y(2S)n" ) (pb) o(Y(1S)n'n) (pb)

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

=S

n
LR |

Discovery of Y(10753)

o

[ Y,(10753) Y(5S) Y(6S)
= 21 \ m{]]i
LT4 i
L ’ ll }7 L'J“} | L 1} h
_ JHEP 10, 220 (2019)
Y (10753)j [X(6S)  (6S)
}}{ |
]L ”H“ﬁh'f“-e-{ = HH*&
[T
AAAAAAA \.(,,.({0175;3‘)\‘ o A;(és‘)‘ | ;'(ES)
|

.......................

« Belle: several

~1fb-1 scan points below Y(5S)

« New structure observed in t*n~Y(nS) transitions

N )
T(10860) 1 (11020) New structure
M (MeV/c?) 10885.3 +1.5722 11000.0142 113 110752.7+ 5.9 797
rMeV)  366%3Y07 sttt [msstIsty

Chin. Phys. C 44 (2020) 8, 083001

L 4
o~ *
~
§ s L-E’. -.’.h": 1

10.7 10.8

o

A dip at 10.75 GeV
may correspond to

Y(10753).
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Theoretical interpretations

O Conventional bottomonium
Eur. Phys. J. C 80, 59 (2020)

Godfrey and Moats, PRD 92, 054034 (2015)

Y(4S) B'B B'B* BB B.B: Y(5S)

Y(4S) Y(3D) Y(5S)

10.55 10.60 10.65 10.70 10.75 10.80 10.85 10.90 10.95
Vs [GeV]

 Mass does not match Y(3D) theoretical predictions,
and D-wave states are not seen in ete” collisions.

* Y(4S) - Y(3D) mixing can be enhanced due to hadron
loops.

Phys.
Phys.
Phys.
Phys.
Prog.

Rev.
Rev.
Lett
Rev.
Part

D 101, 014020 (2020)
D 102, 014036 (2020)
. B 803, 135340 (2020)
D 104, 034036 (2021)
. Nucl. Phys. 117, 103845 (2021)

Eur. Phys. J. Plus 137, 357 (2022)
Phys. Rev. D 105, 114041 (2022)
Phys. Rev. D 106, 094013 (2022)
Phys. Rev. D 105, 074007 (2022)

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

A Tetraquark

Chin. Phys. C 43, 123102 (2019)
Phys. Lett. B 802, 135217 (2020)
Phys. Rev. D 103, 074507 (2021)
Phys. Rev. D 107, 094515 (2023)
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Unique scan data near /s = 10.75 GeV

3.5/fb 1.6/fb 9.8/fb 4.7/fb 12— —————
o) ey ) _ B Belle
2 () 7 10F mm 9.8 fb? ]
=i H v 10p Belle II .
e s =
& 0 2 8- ]
& l 2 r
=5 "' £ o P B
o <. =M 47 b ]
\ O 4 - ]
I}- } g 4 3.5 b~ ]
J "- (@)] = =
/}/ *\\ J/ \%\ } %lﬁ}\{i\ » %’ 2__ I 1.6 fb—l ]
0 B e ek ] L4 I . ! | I | I L 1 | I I | I I L
SN | IS i i) | (PO ATUSSSTONN I YN (RN [ [ P N R [ (R 18.60 10.65 10.70 10.75 10.80 10.85
10.5 10.6 10.7 10.8 10.9 11 E.. [GeV]
E., (GeV)

« In November 2021, Belle II collected 19 fb-! of unique data at energies
above the Y(4S): four energy scan points around 10.75 GeV.

« Belle II collected the data in the gaps between Belle energy scan points.

« Physics goal: understand the nature of the Y(10753) energy region.
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Motivation to search for Y(10753) — wyy,

Theory: Branching fractions of 103 for Y(10753) — wyy; [PRD 104, 034036 (2021)] and

Y(10753) —» ntn~Y(nS) [PRD 105, 074007 (2022)] assuming Y(4S) - Y(3D) mixing state for

Y(10753).

Charmonium sector:

- Two close peaks observed in the cross sections for ete™ - n*n~]/y by BESIII and ete™ -
n i~ Y (nS) by Belle, respectively, may suggest similar nature.

* Y(4220) - yX(3872) and wy., observed by BESIII.

« S0 we expect the observations of Y(10753) — yX, and wxy,.

Y(4220)/Y(4320) - ww'nJ/y - Y(4220) - yX(3872) Y(4220) - wx.o
100 2 0.8 [ .
o) i _+_ XYZ BGS]]I : i BGSH[ —+- Data 100 + BESIH + This work
@ 80 __ Fit] g 0.6F 2 EES"' 2014 S 4 BESIII 2015+2016
—~~ - ' - B —_— Qo
§ eof- — -~ Fitll (P;')‘I%B’ 092084 +§ - PRL 122, 232002 = PRD 99, 091103 (2019)
B - ‘ T 0.4 (2019) > 50
% s ~ i
g L E | 502 ¢ | o
S DR SO SO S <. o = 0F————=v———m . il e by
0338 4 4.2 4.4 4.6 = 4.6 42 43 44 45 46 23



Mass distributions

:IIJ :

M(tt ) (GeV/c?)
© o
(0] oo
| | CB] i.:l |

o
o
m i T h.l

Js = 10.745 GeV
P S N N NN SR TR NN A SO S SN NN SR SN SN A NN S S S
97 98 99 10 10.1

M(yY(1S)) (GeV/c?)

M(x*m ) (GeV/c?)

o
o

O
o))

o
©oh

—L
T

« Red boxes contains 95% of signals.

« Blue boxes show the fit ranges.

I T ;
=l : peanneeaas = T -
o G b EERP |
: V5 = 10.805 GeV
P ) S S PR AN NN T TR SO N (SN SO SO SR SN N T S W'
.6 9.7 9.8 9.9 10 10.1

M(yY(1S)) (GeV/c?)
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Two dimensional unbinned maximum likelihood fits

Observation of Y(10753)— wxy,

PRL 130, 091902 (2023)

to the M(yY(1S)) and M(n*tn~n?) distributions.

Events / (10 MeV/c?)

Belle ll, 1.6 fb™!

Vs =10.701 GeV

[ ]

Belle II, 1.6 fb™" ]
/s = 10.701 GeV ]

— nN W
o o o o
T T T[T T T

o)
LN L

9.75

- —=— Data
— Total fit
 —— Background

Belle I, 9.8 fb™
Vs = 10.745 GeV

11.10

Belle 11, 9.8 fb™ ]
Vs = 10.745 GeV -

—&- Data
— Total fit

— Background

[ e O i p——————————

Belle II 4 7 fb! Belle I, 4.7 fb™ ]
Vs = 10.805 GeV \s = 10.805 GeV -
4.50 -
M. ) . ) B
9.8 9.85 9.9 9.95 0.7 0.8 0.9
M(yY(1S)) [GeV/c?] M(x*cn®) [GeV/c?]

120

10

110

—130

Channel

Vs (GeV)

Nsig

X1 68.91137 3.6157 £0.4
10.745

WXb2 27.6111:¢ 2.8%1%+0.5

WXb1 15.0+%35 1.6 @90% C.L.
10.805

WXb2 3.3%33 1.5 @90% C.L.

The ete™ - wXpy (J = 1, 2) cross sections peak at

Y(10753).
gl -8~ Belle Il data Belle II, 1.6, 9.8, and 4.7 fb™ ]

o °f == Belle data g © .8_
g I — Total fit 54 S—
- =+ Solution -

3 ¢t 1B 3
oA )
Q0 2 Ko
L 2 e
o I ELING)
0- et " ‘--" @rsa=gmgrr=r* (. 1-#--'--:-'.;:10
107 1075 108 10.85 10.7 H0.75. 108 10.85

s (GeV)

The points at /s = 10.867 GeV are from Belle
measurements [PRL 113, 142001 (2014)].
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Discussion

~1.5 at /s = 10.745 GeV [PRL 130, 091902 (2023)]

o(ete”oxpy(1P)w)

o(ete™—Y(NS)ntn~) T _0.15at 5 = 10.867 GeV [PRL 113, 142001 (2014)]

d Y(5S) and Y(10753) have same quantum numbers and similar masses, but the difference on
the above ratio is large. This may indicate the difference in the internal structures of
these two states.

o(ete™—xp1(1P)w)
0(e+e——>xb2(1P)w)

= 1.3+0.6 at +/s = 10.745 GeV [PRL 130, 091902 (2023)]

d 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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Search for X, Ny

| —Data Belle I, 3.5 fb! | —e— Data Belle II, 1.6 fb™' 10 /

R [!] S———— /s = 10.653 GeV :?ﬂi‘; /s = 10.701 GeV | PRL 130, 091902 (2023)
2 I - Expected .
§ Expectedx, | "7 Smp::tt:::gb ] / \ w(—) T )
Q 5 P
= | ' Y(1S)(—ete /utu)
IR A
:0-' ------------- '.'-:.-:"..‘ e -0 . . - . .
<. mg L Belle I, 9.8 fb”" Bellell.a7fb’ 1 - INO significant X, signal is observed.
@ | s = 10.745 GeV s = 10.805 GeV - .
"q:'; ol °* ° ° ° :10 « The peaks are the reflections of efe™ - wxy.
> | ]
w 15

10f ]

D2 tos 104 105 108 03 04 105 Too 105 From simulated events with m(X,) = 10.6 GeV/c?

M(wY(1S)) [GeV/c"’] The yield is fixed at the upper limit at 90% C.L.

m(X,) = 10.6 GeV/c?

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

0.33 0.10 0.14

0.46

(0.14, 0.55) | (0.25, 0.84) | (0.06, 0.14) | (0.08, 0.37)
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Measurement of the energy dependence of the efe~ — BB, BB*

Vs = 10.745 GeV, 9.8 fb'!

Cross sections
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Entries / (2 MeV/c?)
(o)
o

D
o

o

M,. fit at scan energies

D
o

Bellell | B*[B*10.653 GeV ‘“§ | Bellel 10701 GeV ‘g 200 Belle Il 10.746 GeV “;5 100}- Belle I B*  10805Gev
i BB*| 3510 %’ 1.6 2 | | o8’ é’ 4.71b

\ +| g i H * §1so {Mt g 80_' BB>I< %

| | f ' | / i\l = w

_ BB | ﬁ 20/ JJ i t M ”ﬂ M } a0 w | i Y(4S) ISR
W&WW*’%"J»' %Mﬂmm 3+ H’ﬂﬂh " TUAS ****“*mi g aﬂmw”wuﬁﬂ%ﬂ*{m R
........... NPT P i A SN I . s A I .
T TR “W 11 o ATV A
L B S Y ‘°WMWW“W'*”“WW
2 5% 53 535 54 %2 525 53 535 '514'2] D Y S a— 5_'35'M“‘[C';:'\;1/'c] %2 525 53 '555'M;c‘[;:t1/;2]

- ete” — BB, BB* and B*B* signals at /s ~ 10.75 GeV can be clearly observed

- Contribution of Y(4S) — BB production via ISR is visible well (black dotted histograms)

« At /s =10.653 GeV, the sharp cut of the data at right edge is due to threshold effect
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Energy dependence of the cross sections

o)

s W'

. Preliminary
©

©

E.. [GeV]

Solid curve — combined Belle + Belle II data fit
Dashed curve - Belle data fit only

New: rapid increase of ogxg+ above the threshold

2 [}

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 g(e*e™— BB*)
near B*B* threshold by destructive interference
between ete”— BB* and efe”— B*B* — BB*

Inelastic channels [t~ Y(nS) and h,(1P)n]
could also be enhanced (PRD 87, 094033
(2013))
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Comparison of ohb and oggt Ogg* T Og*g*

o) & o ..
c 2t { ¥ total bb = Sl ¥ total bb
2 B Preliminary g Belle g 't Preliminary z Belle
g i ¥ Belle Il £ ¥ Belle Il
b i b
1.5 } Black dots: Belle + BaBar 0.4
- [PRL 102, 012001 (2009),
PRD 93, 011101 (2016),
CPC 44, 083001 (2020)] 03
. Open blue circles: Belle . I{ g
LA [JHEP 06, 137 (2021)] %ﬁ
. Filled red circles: Belle II 0.2 { I
[this work] :
0.5
aEr 3;% ﬁ‘iw —— |
i 5 ; I
0"""' . T S TR SR 0..JI.J..J..‘.I.l.ll.lt.l..x.l..J.IJ
10.6 107 108 10. 11.1 11 2 10.6 10.7 108 109 11 111 11.2
o [GeV] E., [GeV]

 Agreement at low energy
- Departure at high energy is due to B”B{"”, multi-body B®B®n(m), and bottomonia



Search for efe"—wn,(1S) and e e —wyxyo (1P)

A Tetraquark (diquark-antidiquark) interpretation of this state predicts enhancement of
Y(10753) — wn,(1S) transition [Chin. Phys. C 43, no.12, 123102 (2019)].

M(np w)
[(T m+7—)

30

d The ete”—wxy; (1P) (J = 1, 2) was found to be enhanced at vs = 10.745 GeV (PRL 130,

091902 (2023)). The e*e™—wyxpo(1P) transition was not observed due to low
Bl xpo(1P) = yY(1S)] = (1.94+0.27)%.

O We reconstruct only w » ntn™n® and use its recoil mass to identify the signal.

~ E .. — E*\? «\ 2
Mrecoit (7 m~m°) = ( ) ;:2 ) - (%)
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Events/1 MeV

Events/1 MeV
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Invariant mass distribution of mtm 1"

—e— Data

— Total fit

----- Signal fit
Background fit

gl !
. .
.~
-
~
L [oromcsobmtadan b o o o | i

e

Belle 11, 9.8 fb™
Vs = 10.745 GeV

9.2 < My (mttn 1Y) < 9.6 GeV/c?
" (np(1S) included)

9.78 < Miec(nttn™n?) < 9.95 GeV/c?
(xpy(1P) included)

IlllllrllllllllIIIII]I]]IIII]]IIIII

\

Preliminary

-lllllllllllllllll

-

~ o

A double-sided Crystal Ball + a
Gaussian for w signal

2" or 3" order Chebyshev polynomials
for backgrounds

The purities of w-meson signals are

L

uk TYGERGTNY SRR

12.9% for n,(1S) and 5.3% for xy,;(1P)

PURTU R SRS T NP TR SR Sprynpepey LY, b
0.7 0.72 0.74 0.76

2 B
0.78

0.8 0.82 0.8

M(rn*mt %) [GeV]

PR Yo B 8 ol Yot
4 0.86 0.88
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Recoil mass spectra of ntn n®

Yield  (0.23+0.49 £0.25)-10° (1.24 1.4 £0.9) - 10°

x10°

%’ 400005— Data . . %’ 120:

= aso00b. — Total f Preliminary = - . A 3rd polynomial for

X E ——n (1S » 100 Wl K IREE,

£ 300005 ... 22213; UL at 90% CL g - Preliminary Np(1S)

G 250005 i °OF - A product of a 4th
20000F- 60— —— Data _ olynomial and a
15000 Belle I, 9.8 fb” - — Total fit Belle 11, 9.8 fb POty :

5 » 9- a0 1P) /s = 10.745 GeV square root function
10000 /s = 10.745 GeV - X, 1.2
S000E- 20F- -+ %,,(1P) UL at 90% CL for xpo(1P)

- N T T T T YR - oF « Polynomial orders are

= 0 — S chosen with maximum

o le}

= =i - p-values

c C
g 0 & .
0 « The yields for x,1(1P)
-200 .
~500 and xp»(1P) are fixed
-400
om0 [PRL 130, 091902
-600
92 925 93 935 94 945 095 955 96 9. 78 98 982 9.84 986 988 99 992 994 (2023)] .
M oeoi(@ ) [GeV/c?] M,eeoi(®@* © 10) [GeV/c?]
Channel ete” — mp(1S)w ete”™ — xpo(1P)w No clear 1, (1S) and xpo(1P)

signals are observed.
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Born cross sections

_ N-|1— )2 Preliminar
oplete™ — Xw] = | | ey
e-L-(1+6sr) - Bint
Channel ete” — np(1S)w ete” — xpo(1P)w Upper limits at the 90%
cL t using th
Yield (10%) 023 +£049+025 12414409  pog - oo B TS L
Born section section (pb) 0.5+1.1+06 2.6 £3.1.42.1 Eligg%-)?ev- D 57, 3873
Upper limit at 90% C.L. (pb) <25 <8.7
Iggfg)“]?rk model in Ref. [CPC 43, 123102 This measurement and JHEP 10, 220 (2019):
IT(T(10753) —= ny(18)w) = 2.647470 MeV; | oB(T(10753) - my(1S)w) < 25 pb |

!_F(T(10753) — Yrtr~) = 0.087032 MeV 'L o?(T(10753) — T(2S)r*n) ~ (3£ 1) pb |

Our results do not support the prediction within the tetraquark model that the Y(10753)—wn(15)
decay is enhanced. 35



Quarkonium prospects
at Belle II



Production of Charmonium(-like) states at B-factory

¢ B decay (B - KX ;)

v' CKM favored process, large branching fractions 1073~10*

JPC=0-+’I',"‘\\\ JPC=1 —
PC _ o+ 11— 1++ 1 1% q
V] 0~t, 17,1t ... ; (ﬁ:t . v
€ Initial-state radiation (ISR) Ei ¥ C
v ]PC — 1—— \a )
4 Two-photon process B decays

v ]PC — O_+,0++,2++,2_+,
4 Double charmonium
v e.g. ete” - J/PX(3940) [PRL 98,082001(2007)]

g

s a ++ Q++ _ \‘\ _,"’
yy collisions 273" Double c€  (Z41
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Charmonium(-like) states via B decays

A Confirm Z. states Z(4050)", Z(4200)", Z(4250)" and search for neutral partners

d Full amplitude analysis to B - Kw]/{ and B - Kwy.; to determine the spin-parties of
X(3915), Z(4050)* and Z(4250)".

QA Confirmation of X(3872) width measurement with D°D%n® mode, search for more
open-flavor decay modes, e.g., B - K(DD), B - K(DD*), B -» K(D*D*), B —» K(D*D**)... with
more B mesons

d Absolute branching fractions are unique for Belle II

d Systematic investigations of charmonium plus light hadron final states: B — K(cc+h)

B = MYK ) = 2,05 GeV?/

40 ! — T T T T T ]
as b o 180F 30 |- ©) J %30
% as } g’ 160F r ] %
- 25 i‘ A it 5_:_190 20 |- i lc1\|720-
g 2f ! i'}‘ £ 100F - |
@ 15 E 2 ‘ H 2 50 r ] ;
§ : -"' %_ L o 60 10 E 10
w 10 =~ V‘J]{ HH’ 40 ] :>j
5
0t il !* 22 o E il S 0.0255 0.051 0.0765 0
36 38 4 i? d 1 46 48 |2 14 |6 18 3880 4080 4280
M (x,,"), GeVic Mg, Gover M(oJAy) (MeV) M(D°D°n°%2M(D°rM(n ) GeV/c® AE (GeV)

Z(4050/4250) — 1ty 7(4200/4430) — n+]/¢ X(3915) = w]/P B — KX(3872)(— D°Dn?)
PRD 78,072004 PRD 90,112009 PRL 94,182002 PRL 97,162002 38



Bottomonium(-like) prospects at Belle II

Four ways to access bottomonia:

« Direct production from ete; JF¢ = 177: Y(nS)

« ISR production: JP¢ = 177: Y(nS)

« Hadronic transitions from Y(nS) through n, mm, ...
JPC=0"%, 177, 1t~ ... : Y(nS), np(nS), hy(nS), ...

- Radiative transitions from Y(nS)

JPC = 07%, 0*F, 1%, 27 np(nS), xp(nP)




Bottomonium(-like) prospects at Belle II

Run at Y(6S) and Y(5S) and high energy scan:

Run at Y(3S) and Y(2S):

- Search for missing mm/n
transitions in inclusive decays to
constrain further models

- Search for new physics:

LFV, LFU, light Higgs, ...

ole e ~=(bb)] [nb]

Measure the effect of the coupled channel contribution
Study B®WB*? and B{”B{™ threshold regions (challenging for Super-KEKB)

Improve precision of already known processes and states, e.qg., Z;

Search for new missing bottomonia n,(3S), h,(3P), Y(D), exotic states Y,, Z,, etc

s 100

Y(3S)
33fb1

s 10-—1

bb

100 LFVINP

l

B Physics
cc
bb

scan
~7fb"

Yp
bb
Z:?

)

Yu(?)
~1fb"

10.25

10.75
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Summary

The g > 0.094 (90% C.L.) is determined for X(3872) —» D'D*?

Evidence for ete™ - n.J/¥ near the threshold

New decay modes of Y(10753) — wyp; are observed

The rapid increase of Og*g* above the threshold may imply a resonance of
B*B* or bb

The stringent upper limit is set for the ete™—wn(1S) at /s = 10.745 GeV
We expect more promising quarkonium results in the near future at Belle II
with larger data samples

Thanks for your attention!
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Fit bias

* Lineshape converges to a fixed form for large g

a.ll.

ggpange In lineshape with respect to g
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]
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As g increases,
width increases.
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