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Study of properties of Y(107353)
on Belle Il experiment
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Belle Il RUN-I (2019-2022)

luminosity: 4.7x10°*/cm?/s ! >2fb™ ! per day!
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Belle Il advantages

e Excellent muon and electron identification

 High photon detection efficiency
* Good hermiticity: useful for modes with missing energy

e (Good vertex and momentum resolution
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Full Event Interpretation (FEI)

- Reconstructs this B, in roughly 10000 channels

* First reconstructing low-level particles (K, «,...), then
intermediate D mesons and finally B mesons.

* Most-likely particle candidates are selected using pre- P 5
trained multivariate classifiers v ieerren i) :
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Full knowledge of B, G
kinematic =0.40-
3 =
: . : - =
T Semileptonic tagging 9 Z0.30
E.- Partial knowledge of . =
B,,, kinematic . = ) 90—
Full Event Interpretation (FEI) ;i
Inclusive tagging | '::c(). [0
Indirect knowledge -
of B,,, kinematic 0.00——T—T1T 7T 71T T T T T 1T T 1 T 71
See e.g. PRL. 127, 181802 | 0 10 20 30 40 50 60 70 &0 90 100

7 Purity in %



Flavor Tagger

* |dentify flavor of a particle, useful in TDCPV
* Inspired by the Flavor Tagging concept developed by Belle and BaBar.

* Proceeds in 2 levels: EventlLevel and CombinerLevel. Each step relies on pre-trained multivariate
methods.

* High efficiency: 37% in Belle Il, 30% in Belle.
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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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Y (10753) — discovery and studies
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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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Confirmation of Y(10753) on Belle li

o Full reconstruction of 772~ Y (nS),n = 1,2,3, where Y(nS) — u*u".

AM = M(zrpup) — M(up)
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Validation by ISR events
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Signal yields &
Cross sections

—Iterative approach

Until parameters are consistent with previous result
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Fit results in the final loop

O Significant signals for Y(15,28)z 7~ at
\/s = 10.745, 10.806 GeV

O No evident signals for Y(3S)z V7~

O Fit the AM distribution with two components:

O Signal: MC simulated shapes, re-weighted with cross-
section dependence and amplitude fit result

O Background: 1%-order polynomial

O Significance for Y(18)z* 7~ at4/s = 10.653 GeV

isonly 1.7 ~ 2.30, depending on different

; background assumptions.



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 =10756.3 £ 2.7 50, £ 0.6, MeV/c? :
['=29.7 £ 8.5 £ 1.1y 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 18

—~ Belle data, anY(1S)

—4- Belle |l data, =rY(1S) | }

- Balle data, anY (2S) ﬂ

- Belle || data, rrY (2S)

-.Lr- Belle data, arY(3S)

-1'.- Belle || data, =rY(3S)

JLLLY LLLLY LLLLI RERRYLLLLY ERLLY LLLR LLLUY LU L L | 1 ‘ [ | 1 | 1 |Il I IIII|I I|Il|||||ll|llll llll|l||l 1

10.5 10.6 10.7 10.8 10.9 11
Center-of-mass energy [GeV]




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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Belle-1l preliminary, arxiv:2401.12021
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Phys.Rev.D 76 (2007) 072001 Belle-Il 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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Bail. et. al.

Phys. Rev. D 105, 074007 (2022) S-D mix




In the case of Y(107353) — zxY(1S)

10 |-
| 8 |
% | Bellell 9.8fb"  7F Bellell, 4.7 b
g AnY(1S) at 10.745 GeV é s mxY(1S) at 10.806 GeV
o 6f o 5[
o i @)
[Q\| I A 4
-'(2 4 _— [ Y ) -'(2 3 5
- i C
O i o -
= > 2F 19
w2 1" L1
gy o By g:!__‘:'_l. 1 - -". 1_,-—-.....: ... Q_Q [ ]
. 1
M(xtr) [GeV/c?] M(mt) [GeV/c?]
Castella. et. al. Bai. et. al. Maiani. et. al.
Phys. Rev. D 104, 034019 (2021) Phys. Rev. D 105, 074007 (2022) Phys. Rev. D 105, 074007 (2022)
| dr 0 v 1+ v 1 1 T T T T T T T T T T 1 T v T T 1 1 ¥
T dx 1.0} '
st | A Y(1S)n'n
L Y(10753)->Y{1S)m >
4 ———— Y(10753)->Y(28)r T 0.8 1))
| e Y(10753)->Y(38)T T ' .‘(2
i 0.6} i
| :
0.4 f,(980) 5 %
\Q 0.2} ©
- — 0.0 N TP, | .
| 038 10 02 04 06 08 10 12 14 22 X 06 08 10 2 4
m_.. (GeV) M o

S-D mix Tetraquark



Events / 10.0 MeV/c?

Events / 10.0 MeV/c?

Intermediate state —Y (10753) — 77,

Belle-ll preliminary, arxiv:2401.12021

ol 8
8F Bellell,9.8fb N / _ Belle Il. 4.7 b .
i g O No Evidence of Z,(10610/10650).
- anY(1S5) at 10.745 GeV ® F nnY(1S) at 10.806 GeV
5 — O B ° ° °
o S 4t O Upper limits estimated at 90 % C.L.
s n 3F | . .
3 ||t s ol . fl using Bayesian method.
2 F ) ') ) ¢ e ||e 9 >
- \T |
1 f— l 66960 904 ¢ [$094T—v—ool . | oo ® o [ I—i 1F * “‘_._“” 9900 ¢ (¢ ¢ * J‘I' :llJl !_
S LAY A T S o S L 11111 0L v ez - e W
0.6 0.8 1 0.6 0.8 1 1.2
AM, [GeV/c?] AM, [GeV/c?]
- UT, - ) 101 P N LT, . T, \
16 Z_ I Mode IVZbl )VZM T Z,, (ph) T Zy (pb ) N Z.s /\721,2 o Z, (I)b) T en (ph)
- ) 10 — 7 . T f
4| Belell, 9.81" W | Bellell, 47" 10745 GV _—
F Y (28) at 10.745 GeV 2 8F mwnY(2S)at10.806 GeV 7T(18) 00555 <49 000155 <013 _ _ _
e = | ' A7(28) 58758 <138 0061008 <014 - - -
10F =R 10.805 GeV
8 ' - "T(LS) 2577F <52 021757 <043 0055 <58 00055 <0.28
6 et L ¢ ? ¢ . 7(28) 52738 <123 0151056 <035 00105 <60 0.00000, <030
4 :_ ® g) i ¢ J—LO_LQ ® | |
B LLl 2 ® .-L-L. ¢ ! |
2 l : Tl
- d o L : . L - R 1 I P T it £ L
0.3 0.4 0.5 0.6 0.3 0_|4 0;— = 0.6
AM, [GeV/c?] AM. [GeV/c?]
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Y(10753) = wy, ?

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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Observation of Y(10753) — wy,,

[PRL 130, 091902 (2023)]

- Belle I1, 1.6 fb™ Belle Il, 1.6 fb™ - _
oF 5 u 10701 GeV s=10701Gevjs ¢ Reconstruct w — atn b Xpy — Y Y(LS)
3f- 13
2f {2« Clear wy;; signals at \/E = 10.745 and 10.805 GeV
r 15— [ ] ® ] ® —51
S b L Jo 2D fitto M(ztn 7% vs. M(yY(15))
o Belle ll, 9.8 fb’ Belle ll, 9.8 fb .
9 30 — Total fit \s = 10.745 GeV| ™™ Data | Is =10.745 GeV - 30
E - = Background — Total fit i Channel \/} ( Gev)
g 20:_ _._ g:‘: — Background _:20
~ | 1 WXp1 1074 68.91137 3.610740.4
[ : : ‘ 27 1116 28%+12 1095
‘q:, T e mt lad 1idL, . pldt ) WXb2 -O-10.0 -O—1.0 Y.
i Bell II47fb' Bell ||47fb‘-
I.I>J 8 is = 1eo 805 GeV (s = 10.805 GV WXb1 10,50 15.0283 1.6 @30% C.L.
6 ‘:"’ WXh2 3.3%33 1.5 @90% C.L.
af ;5
oF ¢ t . S
__.,:-,-_4_@__* \s:,. ______ _‘__‘L o The total y;; signal significances are 11.50 and 5.20 at
SN = 07 08 08 \/s=10.745 and 10.805 GeV
M(yY(1S)) [GeV/c"'] M(r*wn®) [GeV/c]
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[PRL 130, 091902 (2023)]

&l -#- Belle Il data Bellell, 1.6,9.8,and 4.7 fb" |
O | Belle data y 10 Q — .
g & Bole # FE  Aty/s =10.867 GeV:
AE 6_‘ N ===+ Solution | _:4 Ag
x| 5 == Solution 1A - —
> L #3  opgm(ete” = wyy,) = (0.76 £ 0.11 £0.11) pb
o | AN 2o
€ 7 _ g opom€e e = wy,) = (0.29£0.11 £ 0.08) pb

B A e ST ATY OV Py TP PO TP FaCLrrTy 1% TP X AL TS, 14200101

10.7 10.75 10r.8 10.85 10.7 10.75 10.8 10.854“-'{0.'5.-,_

/s (GeV)
What we thought was
olee= wyx,,(1P)]<11.3 ppb @ 10.750 GeV N _
4 Y(SS) — (X)ij(lp) IS
Two solutions (constr. or destr. interference): | probably just the tail of
0.63+:0.39+0.20)eV

I, XxB[Y(10750)2 wy,,(1P)]= ( Je the Y(10750)!

2.01£0.38+0.76 ) eV

( )
T, XB[Y(10750) wy,,(1P)]= §(1’°§3i0-40i0-15;eV

32+0.44+£0.53)eV



[PRL 130, 091902 (2023)]

[PRL 130, 091902 (2023)]

Disagreement with S-D model?

ol -8~ Belle Il data Belle 11, 1.6,9.8,and 4.7 fb" |
o) - -~ Belle data 10 -8_
o vt — Total fit a 1 =
- 6 P % «ee.Solution | ERBER
=~ > ....Solution Il 1
3 B 3
T 4 T
+(D 1 +0)
QO o 1, &
o | ER

.ff "~ ':'E'T‘f':': .1..-?*[' ':'.':::;q-t-l.;-' ~ <t g “..r'-l.-l-1.:-l-.l- ':'. ik LT 3P
10.7 10.75 10.8 10.85 10.7 10.75 10.8 10.85 10.9
/s (GeV)

olee? wy,,(1P)]<11.3 pb@10.750 GeV

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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00 05 1.0 15 A 20
B[Y(10750)=x(1P)w] %10~



[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 ?
T4 11 |
© | 12 o
+ L +
L 2 1, &
T TELLartd St o LYY RPN r v LY ST ETb ittt} AT YT $¥:s-PTPE
10.7 10.75 10.8 1085  10.7 1075 10.8 10.85 109
/s (GeV) ,
p ™
Measured ratios: | Ny
: Li et al (2021) | . e S
B[Y(10750)2 wy,,(1P)] ; Pureg
B[Y(10750)= wx (113‘]:1'3i0'6 | )
: b2 / Guo et al (2014) | . /7
i )
B[Y(10750)= wy,,(1P)] | .
" 7 <7 (pr,vate extrapolatlon) TP I S P S ST SR | S
B[Y(10750)2 wy,,(1P)] 102 107 10’ 0 107 10 10’ 10'
ole te  =wys(1P)] ole te —wxs1(1P)]
ofe "e” swxpz(1P)] ole " e” =wxy(1P)]
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-N( (10753)

\!\\\“ <
N

.
N

~ Analogy

< Xy
N
N\
W
)
N
¢

~ ‘\

o~ =

S Tt . R e
~ - oz

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 L
) i < i | 0 _ S R L e
S TP S BT . = 0 e
07738 4 4.2 4.4 4.6 © 4.2 4.4 4.6 4.2 4.3 4.4 45 4.6
\'s (GeV) I's (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 (1.8) urphys..c 74 201499, 3063



Searchfor X, > wY(1S)ine"e™ - ywY(1S)

[PRL 130, 091902 (2023)]

n’g - (a -+ Data Belle II Preliminary
S 10_—( ) T [ede =35
- - Expectel V5 = 10.633 GeV
o . Smooth bkg

—

~ o

3 .

c 1 u J

) = . ¢ |

> 1L

L oM. oo T S T .: 1. re—

102 103 104 105 106 107
M(wY(1S)) [GeV/cT]

* No significant X, signal is observed.
* The peaks are the reflections of e"e™ — WXpy-

Events / (10 MeV/c?)

10 30 10
x (b) - Data Belle IT Preliminary q; - ( C) « Data Belle II Preliminary t\’}: f (d) -«Data Belle II Preliminary
e —ary, — o't B —a'e'—p
o ~ Expectodlx V5 = 10.701 GeV| 2 p9f | ,E,p,;’,yxb\/; ~ 10745 GeV| 5 [ ...E,Mfa‘x:/; = 10.805 GeV
I .-~ Smooth bkg o | i - Smooth bkg o SF [ --- Smooth bkg
i s ™
4 " : by ) }
: 2 3 |} 114 [P
2 ;u ‘ I. l L § ‘ 4 § 2J Fr. |
B ....;.':.__ | w : b ! L ! ...': e |
0 w S e s S ——— — ——— —— — — M = D bt e 0 R ] el B R M i A it st
10.2 10.3 104 10.5 10.6 10.7 10.2 10.4 10.5 10.6 10.7
M(wY(18)) [GeV/cT] MY (1S)) [GeV/cT

05 104 108 108\ 107 10.3
M(wY(1S)) [GeV/c] \

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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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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Suppress background with w-Dalitz plot.
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x10°

. Belle II, 9.8 fo
— — Total fit Vs = 10.745 GeV
g_ S X‘bO,I.2(1 P)

C - x&#1P)uppermnn { ‘

L

A A A l

378 08 082 084 986 088 99 092 904

M. __ (a1 7% [GeV/c?

recoil(

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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Candidates per 10 MeV/c?

Belle I, 9.8 fb
Vs = 10.745 GeV

m n,(15)
T e nb(1 S) upper limit

Candidates per 10 MeV/c?
o
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200— {

A l I A A A l I 'S ' a ' i l | 1 A 'S
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recoll

[arxiv:2312.13043]

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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Cross section (pb)

Measurement of ete™ — BB

_ B>I<
a S
s Y(6Y) ¢
5 - | k3
I 3 - Lo Y (10753) ?Y(SS) &
200~ ! § 200 - A é 200
! L o )i O
. Y(55) RS J L |
100 — | 100 - ;' | { H f}]ﬂ‘ :,? .
1 : | ,‘/\ : ; -}ﬁ. -:a:‘
| | : . . L. N
' : } ) :’/' \\ A } )"'\ { { HH
I 1' { ;;‘ < ' /D l \,’ N o J’ \\ / I
0 _J l"'/h\\—'m— ————tme e T NE gl - 0 _l_ ........ Vo l , ....... N “\—/ ....... 6 i
~ 106  10.7 10.8 —106 107 10.8 109 11 |

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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— %) (K
Measurement of ¢ T'¢e~ — BB
Update the measurements with Belle |l energy scan data

N;f 200:‘ 10746469V B* B /)/:X
5 | 941b Preliminary PH ) // N
2 1501 = ~, Y €
3 = BBI | 79
! )/
100 - ) | +' V/ff .
BT
ot et WY
ek i A *]1 +  Reconstruct B,.. with FEI
E——... + 16 channels
L ol w LT H% ﬂﬂj i jﬂ i B
. WH_#M - Wﬁﬂ' ﬁﬁ H P {\%ﬁ“‘uf » Ignore y from B* — B
: r
%nmll..llu,ll.m_,l.l.m.l+lwlg. * Yield signals from simultaneous fit to M, . (SR and SB)
2 5225 525 5275 53 5325 585 5375

M,. [GeV/c]
arXiv: 2104.08371
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arXiv: 2104.08371 [Belle Il Preliminary]
0.1

Prominent features:

5 Belle # Belle |l BB

0.05 |

O'd ressed [n b]

— Sharp rise in BB’

— first point only ~2 MeV
above BY"B% threshold
— Indication of bound state?

— Dip in B'B at the B'B”
threshold

E_ [GeV]

To verify the existence of a B*B* pound state near the threshold, a detailed scan must be
performed In this energy region.
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Summary

o Unique data in Belle |l leads to unigue results!
o More analyses are ongoing

° Y(10753) - K"K~ Y(nS)

°© Y(10753) = n(n")Y (nS)

° Y(10733) = vX,, X, = nny,;, anY (nS)
o efc...

O Belle Il has collected 424/fb data, including ~380/fb Y (4S) data.

O More results other than Y (10753) will come out.
o Long shutdown has finished, will accumulate more data.
O More data, more new results
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BACK UP



Y(10753)->Y(1S)K*K-

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

—— ——

39



