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Bottomonium spectroscopy

Heavy quarkonium spectroscopy 1s an excellent laboratory
to study non-perturbative QCD

Bottomonium states below BB threshold are well described
by quark model

Bottomonium states above BB threshold demonstrate
unexpected properties

= /, and Z; are charged (at least 4 quarks)

= Rates of hadronic transition to lowgr bottomonia
are higher then expected for pure bb (violate OZI)

=) p transitions are not suppressed relative to dipion
transitions (violate HQSS)
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Y (10753) state

Y(55) 2019 — Belle qHEP 10 (2019) 220):

Y(18) 77~
Y(10753) Y (6S) _ —_
R | Energy dependence of the 6(eTe™ — Y(1,2,38) ntn ™)

SR S EE S, S == Observation of new structure — Y (10753)

_ T (10860) YT (11020) New structure
= M (MeV/c?) 10885.3+1.5%22 11000.0t42+101 10752.7 + 5.9 107
= .5 +0. .0 4+0.7 17.6 +3.9
P(MeV)  366%5HT 2381007 | a55HTE e

No clear peak in the eTe™ — BB, BB* and B¥*B* (JHEP 06 (2021). 137)
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https://link.springer.com/article/10.1007/JHEP10(2019)220
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://link.springer.com/article/10.1007/JHEP10(2019)220

What is the nature of Y (10753)?

Various theoretical interpretations:

o Conventional bb state:

Phys.Rev.D 105, 074007 (2022), Phys.Rev.D 104, 034036 (2021),

Eur.Phys.J.C 80 (2020) 1, 59, Phys.Rev.D 101, 014020 (2020),

P!

nys.Rev.D |

102, 014036 (2020), Eur.Phys.J.Plus 137, 357 (2022),

p

P!

hys.Rev.D |

105 (2022) 11, 114041, Phys.Iett.B 803, 135340 (2020),

nys.Rev.D

106 (2022) 9. 094013,

Prog. Part. Nucl. Phys. 117, 103845 (2021), ...

o Tetraquark:

Y (10753) as Y (3D) state:
e width 1s consistent with predictions
(see e.g. Eur. Phys. J. C 78,915 (2018) )

¢ mass does not match existing theoretical
predictions

e D-wave state is not seen in ete™

Y (4S) - Y(3D) mixing scheme:
Phys. Rev. D 104, 034036 (2021) predictions

Phys.Iett.B 802, 135217 (2020),
Phys.Rev.D 103. 074507 (2021),

arXiv:2205.11475, Chin. Phys. C 43, 123102 (2019), ...

Channel Branching fraction (x1079)
T(10753) — wxo 0.73 — 6.94
T(10753) — wxe1 0.25 — 2.16
T (10753) — wxp2 1.08 — 11.5

e Hybrid:

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

Such decays could be observed at Belle 11


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.074007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.034036
https://link.springer.com/article/10.1140/epjc/s10052-020-7626-2
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014020
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.014036
https://link.springer.com/article/10.1140/epjp/s13360-022-02538-5
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.114041
https://www.sciencedirect.com/science/article/pii/S0370269320301441?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.094013
https://linkinghub.elsevier.com/retrieve/pii/S0146641020300922
https://www.sciencedirect.com/science/article/pii/S0370269320300216?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.074507
https://arxiv.org/abs/2205.11475
https://iopscience.iop.org/article/10.1088/1674-1137/43/12/123102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.034019
https://linkinghub.elsevier.com/retrieve/pii/S0370157320301915
https://doi.org/10.1140/epjc/s10052-018-6372-1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.034036

Global phenomenological analysis

N. HUSKEN, R.E. MITCHELL, and E.S. SWANSON

PRD 106 (2022) 9,094013
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see Eric Swanson’s talk on Wednesday

Used data:

BB, B*B, B*B*, B*B* Y(1S)xtn~,
YQRSn n~, Y@BS)x ™, h,(1P)n"n~,
h,(2P)n"n~, and o),

Poles for:

Y(4S), Y(10750), Y(5S), Y(635)

Note:

fit to the two-body data only also required
Y (10750)

Indirect confirmation of the Y (10750)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.094013
https://agenda.infn.it/event/33110/contributions/197837/attachments/106368/149820/Kmatrix.pdf

Global phenomenological analysis

N. HUSKEN, R.E. MITCHELL, and E. S. SWANSON

PRD 106 (2022) 9,094013
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Large gaps between
scan points near 10.75 GeV

Large uncertainty 1n the scattering
amplitudes 1n this energy region

More data 1s needed


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.094013

Belle 11 & SuperKEKB

- e+ 4 GeV 3.6 A | SuperKEKB :
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Belle Il

New IR

New beam pipe SuperKE KB

& bellows

e Asymmetric e+e— collider at KEK (Tsukuba, Japan);

o | ZLdt=424 fb~! collected up to now ( ~ BaBar, ~ 0.5 Belle);
| — e [ around Y(4S) mass + energy scan
Low emittance positrons ‘ 1
toinject " | u Positron source
ey * " & New positron target /
s . (captureisection KL and muon detector
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Low emittance electrons

to inject EM Calorimeter

CslI(TI), waveform sampling electronics
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Belle II detector upgrade: S — | N - Beere
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e Rich physics program 7" Belle I1 TDR, arXiv:1011.035 06 1065 107 1075 108  10.85

Center-of-mass energy [GeV]


https://arxiv.org/abs/1011.0352

Events / (10 MeV/c?)

Observation of e"e~ — wyp;(1P) at \/g near 10.75 GeV

(PRL 130 091902 (2023))

2D unbinned likelithood fit

Belle Il, 1.6 fb” Belle Il, 1.6 fb™ -
4= \s =10.701 GeV \s = 10.701 GeV 4
L D -
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L - Background -
20 - —120
10f 10
1--.-‘---1:'....‘--....:1-'1“- W, o SR . oo o c— - -O
: Bellell, 4.7 fb™ Belle II, 4.7 fb™ ]

8 \s = 10.805 GeV \s = 10.805 GeV -

[ —10
6 i
4 ]

i -15
2 ¢ ;
-- YYTEE o2 . -0
9.75 9.8 9.85 9.9 9.95 0.7 0.8 0.9

M(yY(1S)) [GeV/c?] M(rtn ) [GeV/c?]

Born cross sections from signal yield
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Belle @ \/E = 10.867 GeV:

PRL 113 (2014) 14, 142001

oleTe™ = wy,,) = (0.76 £ 0.16) pb
oleTe™ = wy,,) = (0.29 £0.14) pb

first observation of Y(10753) — w y;,,(1P)
no peak at Y (10860)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.142001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902

Observation of e"e~ — wy,(1P) at \/g near 10.75 GeV

(PRL 130 091902 (2023))

2D unbinned likelithood fit

f o

Belle Il, 1.6 fb
s =10.701 GeV

Belle Il, 1.6 fb™" 3
\s = 10.701 GeV 4

Channel /s (GeV) N cp (pb)
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efe” s wxm 10745 68.97157 3.6707 £0.5 0>
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Born cross sections from signal yield

Belle @ \/E = 10.867 GeV:
oleTe™ = wy,,) = (0.76 £ 0.16) pb
oleTe™ = wy,,) = (0.29 £0.14) pb

-@- Belle |l data Belle Il, 1.6, 9.8, and 4.7 fb™'
- Belle data 19
— Total fit ]
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==+ Solution |l i
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1
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PRL 113 (2014) 14, 142001

first observation of Y(10753) — w y;,,(1P)

no peak at Y (10860)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.142001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902

Search for X, at \/g near 10.75 GeV (PrL 130091902 (2023))

The same final state y
0 —6- | o Reflection from Y (10753) — wy,,; »
/ Ap: bottomonium counterpart Shapes of Y (10753) — wy,; were taken from MC and
/ LN B candidate of the X(3872) ? normalised to data
e ehys. Rev. Lett, 91, 262001 (2005) e No significant X, signal is observed

(—efe luu™)

Search for resonances in M(@wY (19)):

" —e—Data Belle I, 3.5 fb' | —e— Data Belle Il, 1.6 fb' 10
_ 10— Totalfi /s = 10.653 GeV :?fig; 's = 10.701 GeV ] .. . .
D | - oo, - B, : * Set upper limits with the Bayesian
D s I approach:
IR -
2 il } .
~ 30 Belle Il, 9.8 fb™ Belle II, 4.7 fb! -
(2 30} ~ \s = 10.745 GeV 's = 10.805 GeV Jo Vs, GeV M(Xy), GeV/c? 0}%’ pb
g | ; 10.653 10.59 0.55
TRt ! s 10.701 10.45 0.84
a N o 0 o 10.745 10.45 0.14
100 ; 103 Hu“-m TR ERLT - oo 103 10.805 10.55 0.47

M(0Y(1S)) [GeV/c?)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001

e~ — BB, BB* and

B*B* cross section at Belle I1

Measurement of the energy dependence of the e¢™

10NnS 1n
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the E. = 10.75 GeV data sample
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Full reconstruction of one B meson 1n hadronic channels

Use M, . to identify BB, BB* and B*B* final states

cim

AE

y from B* — By is not reconstructed

For convenience AE — AE’

5.35
M, . [GeV]

5.3

5.25

AE' = AE + M, — my
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https://link.springer.com/article/10.1007/JHEP06(2021)137
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M, . fit at scan energies
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B%B* 10.746 Gev | &
— -1 ()
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BB* | 5
2 40f
=
LLi
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|

Good description of the data

— B*B*
. Belle |l _ 10.701 GeV
- ==Y BB* 1.6 o
</ >

Belle IT
' Preliminary Jj

Y(4S) ISR
5.05 5.3 535 5.4

Distinct signals for different final states — BB, BB* and B*B*
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60 |- |
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BB*
 B*B* 351

_ 10.653 GeV

Visible contribution from Y (4.5) produced via ISR (included in the fitting function)

Sharp cut of the data at right edge for E=10.653 GeV = fast rise of B*B* near threshold

BB

—

s(BOBM)
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Energy dependence of the cross sections
Combined Belle + Belle II:

simultaneous fit to
e cxclusive cross sections (previous Belle measurement JHEP 06 (2021). 137 + this work)

and
e total cross section (Chin.Phys.C 44 (2020) 8, 083001)

3 _ | e |
= 2 Belle BB g | Prelimina BB
h . = minar
& 0.05 [ $ BelleII 3 i g
S ol 4 S 04F | |
04 BB
' | total cross section
0.3 | . {
o2t [T |
SR T AL i
4 R
1‘\l {” 1‘} }l,' | ‘." |
“\ i:' o ~]r "0 ‘ T TP TTR SO
o] S—— Py et Mt g™ L
10.55 10.6 10.65 10.7 10.75

E., [GeV]


https://link.springer.com/article/10.1007/JHEP06(2021)137
https://iopscience.iop.org/article/10.1088/1674-1137/44/8/083001
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://iopscience.iop.org/article/10.1088/1674-1137/44/8/083001

Gb[_) VS UBB -+ GBB* —+ GB*B*

Preliminary

E ié&é&

I total bb
2 Belle
¢ BelleIl

g 2 |
§b :
15 1
R
T
0.5_—
¢
B %
T

307 108 10,

fwﬁﬁﬁé%w
109 11

11 1 11 2
. [GeV]

e In agreement at low energies — cross check

O_dressed [nb]

05|

0.4 1

03|
02!

011}

Preliminary

5’

I total bb
¢ Belle
1§ Belle II

A R
10.6  10.7

Ll
10.8

e oy by by |
10.9 11 111 112

E.., [GeV]

e Deviation at higher energy is due to BS(*), multi-body BB x(x), and bottomonia
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https://iopscience.iop.org/article/10.1088/1674-1137/44/8/083001
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://iopscience.iop.org/article/10.1088/1674-1137/44/8/083001
https://link.springer.com/article/10.1007/JHEP06(2021)137

Discussion

New measurements significantly supplement previous Belle results
JHEP 06 (2021), 137

solid curve — fit to combined Belle+Bellell points,

dashed curve — fit Belle points only

Above the B*B* threshold o(ete™ — B*B*) rises very rapidly

Similar behaviour seen for the D*D¥* cross section
(PRD 97, 012002 (2018))

Possible interpretation: resonance or bound state near threshold
(Mod. Phys. Lett. A 21,2779 (2006))

Also explains narrow dip in ete”™ — BB* near B*B* threshold

Gdressed [nb]

0.05

¢ Belle

¥ Belle Il

10


https://link.springer.com/article/10.1007/JHEP06(2021)137
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012002
https://www.worldscientific.com/doi/abs/10.1142/S0217732306022195
https://link.springer.com/article/10.1007/JHEP06(2021)137

ete” — B{'B."”

The first combined analysis of the bb system above BB threshold

N. HUSKEN, R. E. MITCHELL. and E. S. SWANSON PRD 106 (2022) 9.094013
OF (a) BB | 4§ (b) B*B 200 +#' (c) B* B’
60:‘+ 200 ; 150F ! :
40k , ﬂ' )’ : o ¢ ¢

BB channel — the current data
doesn’t constrain the fit function well

Need to improve the accuracy in
BB channel



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.094013

Measurement of the e"e™ — BUBYX cross section in the energy range
from 10.63 to 11.02 GeV using inclusive D and D production at Belle

(arXiv:2305.10098)
o i MC at Y(55) energy
e Reconstruct inclusive D, and DV at each energy scan point, S 02- D "
™~ - -events
o = P s used to separate continuum and bb- events; g 0 1sl
pmax w =
o(D X) and 6(D"X) ot Wil
e Measured cross sections can be expressed as: _ -
) . 005-_ .....
o(D.X)/2 = BB, - DX) - o(BBX)+ BB — DX) - o(BBX)
_ _ | Beaiiihiis s
G(DOX)/Q, — ‘%(Bs N DOX) . G(BSBSX) 4 t%(B N DOX) . G(BBX) 0; H_c—~—0;2014 __._10160;8*1 1
X
P

Solving eq’s system: o(B.B.X) and c(BBX : 3
g eq’s sy (BB, X) (BBX) (e — BBX) = ofete- — BUBO)

AB(B, = D.X) has large uncertainty _
up to BB’z threshold (11.004 GeV)

B(B, — DX) is not measured, only prediction


https://arxiv.org/abs/2305.10098

Method

No B, at energy point near Y (4S5):
Measure with high accuracy %4(B — D X), 9B(B — D'X)

At energy point near Y (355):

o(DX) |y(s5)/2 = BBy = DX) - 6(BBX) |y (s5) + BB — DX) - 6(BBX) |y s,

o(D°X) |y s55)/2 = B(B; = D°X) - o(BBX) |y 55, + BB — DX) - 6(BBX) |y s,

B(B, = D°X) B o(D°X) y(s5) = BB~ DX) - o(BBX) ss)
gg(BS —> DSX) G(DSiX) |Y(SS) — L@(B — DSX) ) U(BBX) ‘Y(SS)

We can measure using Y (55) data We can measure using Y (45) data from JHEP 06 (2021) 137

( =

At scan points:

o(D.X)/2 = BB, — D X)-c(BBX)+RBB — DX) - c(BBX)
o(D’X)/2 = C- BB, — DX) - a(B B X)+B(B — DX) - 6(BBX)

Solving eq’s system: energy dependence of the 6(B.B X) - B(B, — D X) and o(BBX)

————

19


https://link.springer.com/article/10.1007/JHEP06(2021)137
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B.B X and BBX
Cross sections



Y (49) data:

BB - D, X) =

AB(B — DX) =

Y (5S) data:

Results at Y (45) and Y (5.9)

This measurement

o(D; X) Iy 45

- = (11.28 £0.03 £0.43) %
2 -o(ete= - bb) \Y(4S)

o(DYX
(D7X) Iy, = (66.63+0.04 £ 1.77) %

2 - o(ete~ — bb) ‘Y(4S)

B BB, = D'X)

C —
AB(B, > DX)

=0.416 £0.018 = 0.092

PDG
full recon

(10.4+1) %

(71.6 £4.6) %

PDG
same method

(8.3 +0.8) %

(61.6 £2.9)%
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Results at Y (45) and Y (5.9)

Fractions of BSB X events produced at Y (5S5): Belle 2013 Belle 2022
ClIC ClIC

This measurement|  prp g7 (2013)3.031101  PRD 105 (2022) 012004

olete™ — BSBSX) ‘Y(SS)
f. = - =(23.0x02x+2.8)% (17.2x3.0)% (28.5x32x3.7)%
o(ere — bb) |y,

T . Source Systematic uncertainty (%)
0 improve accuracy we (et e = b= DEX) s 1.4
0'(6+6_ — bb — D;t X)|T(4S) 0.7
f=0230%02+28)% s(ete > BB X)|rss 1.4
S (55)
B(B? = Di X)
fpx = (75.1 £4.0)% olere” = W)lres 45
BBX THEP 06 (2001 137 Correlated contributions
— tracking 1.1
fgﬂown =49+ 06)% — K /7 identification 2.3
JHEP 06 (2021) 137 —Tg 0.6
. . _ + et
with one constraint B - KTK7m) o
Total 12.0
fs+Ipax /=1 pelle

PRD 105 (2022) 1.012004
BB, — DX)=(602+58+23)%

Result from the fit: I = (22.03:(1)) Y0
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.031101
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012004

Results for o(e

e~ — B.B.X) and o(e

o) TR A Clear peak , % *

= g i ;2% 5 g"ﬂ *. near Y (55) ;E% 3 #

- I L ¥

% 40 I A < t

- I I @

Tw - \ Small non-resonant o 2001 +++ +

any i ' ' ' contribution T - + + +

— 'G) i

2 20 o [ b

‘Xw B + T N B

m v ? |

m“’ R { 1 | ‘\ 100 i Shape similar to

0 i ¢t | | | | Hintof apeak i o(e*e” — bb)

. 0 T —t near Y (6S)

D I

\CD/ B _

© L C 1 | . C 1 O v v b i |
10.7 10.8 10.9 11 10.7 10.8 10.9 11

E.n (GeV) E.. (GeV)
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Summary

@ Belle II has a rich quarkonium program
e Unique data sample collected near £, ~ 10.75 GeV
e The first observation of Y(10753) — w y,, (1P)
e Measured energy dependence of ete™ — BB

@ Belle data still 1n business

e Measured energy dependence of o(ete™ - B B X) and 6(e*e™ — BBX)

Thank you very much tor your attention!






Observation of e"e™ — wy,; ;(1P) and search for X, — ©Y(1S)
at \/g near 10.75 GeV (PRL 130091902 (2023))

The same final state 14
( - zTn 7"

Q)
Wt
20
AbJ ~ ) (> efe /utu)
A/ 4

Y(1S)

(—ete luTum)
X,,: bottomonium counterpart candidate of the X(3872) ?
Phys. Rev. Lett. 91, 262001 (2003)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001

e"e” — w y,;(1P): Signal yield

2D unbinned likelithood fit

_ Sig | 1 — T4
to M(yY (1)) vs. M(zTn~7") Bom(e+e - 0))(19]) - N>& |1 — 11}
e e L & Biny (1 + Sisg)
oF 1 Channel /s (GeV) N®® oB (pb)
&J 1- t ot t t 11 e'e  — WX 0. O:ég‘e < 16.6
> P T Bele 1,567 | ete —wxpr  10.701 0.02g <l.2
g 30:— :T:tt:lm s = 10.745 GeV :Data \s = 10.745 GeV_f30 6"'6— — wXbQ O 1— g % < 25
2 20; "'E: — Background 120 6 6__6_ —> wXbO 3 O__Z_E% < ]_1 3
b ~ " ete” = wym 10.745 68, 9“%{‘1’;; 3. 6"(15 2 + 0.5
c | 3 ; A 1. 1 \\ ete” — wxpe 27.61550 28712 +£0.4
q>) 05 ------------ _Bellellfb" - _—____ Il,4.7 fb” ;O 6 e'e  — WXbo 3. 6“3? <114
Wl 8r Is = 10.805 GeV 's = 10.805 GeV - T 16.8
| o)‘)» ete” - wysr 10.805  15.018¢3 < 1.7
j: eTeT — WX 3.312%2 < 1.6
2f
. Belle @ \/E = 10.867 GeV:
9.75 9.8 9.85 9.95 0.7 0.8 0.9
M(yY(1S)) [GeV/c2] M(mn0) [GeV/c?] o(eTe” = wy,;) = (0.76 £ 0.16) pb
Fit function: Signal + Peak. BG + Comb. BG o(ete™ — wy,,) = (0.29 £ 0.14) pb

X7 — Crystal Ball , o — BW @ Gauss (resolution) 07 PRL 113 (2014) 14. 142001



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.142001

o(eTe”™ = wy;,), pb

Observation of Y(10733) — w y3,1 5

o(eTe™ = wy;,), pb

L 4
* L ]
“: ----------- Sugm of = m =

-@- Belle |l data
—= Belle data
— Total fit

===+ Solution |

- =+ Solution |l

r

10.75

o(eTe” — wyy; ,) peaks at Y(10753)

No obvious peak at Y(10860) is found

| | r | | | H
10.8 10.85

/s (GeV)

L

'0
L 2

Belle II, 1.6, 9.8, and 4.7 fb™ -

/\
L o o AT

15

10.7

it aermerarara | Pk L TN Sy
10.75 10.8 10.85

Belle II + Belle data @ \/%) = 1119-(5230612)(1}46\1;2001

Fit function 1s BW + PHSP:

| \/(Dz(\/g) |

\/ 1241, B, T

s — M? — iMT

!

(M

)

(DZ(\/;) i |2
a

M and I of Y(10753) are fixed to values obtained in
JHEP 10 (2019) 220

'ece By Solution I, eV Solution II, eV
FeeB(T(10753) — wXbl) 0.63 = 0.39 =0.20 2.01 £0.380.76
FGGB(T(10753) — wXbQ) 0.53 +=0.46 = 0.15 1.32 +0.44 4+ 0.55
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https://link.springer.com/article/10.1007/JHEP10(2019)220
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.142001

e"e” — w y,;(1P): Signal yield

2D unbinned likelihood fit

Sig _ 2
to M(yY (1)) vs. M(zTn~7") Borny .+  — - N> |1 —11]
: : Belle Il, 1.6 fb™" - o (6 € = a))(bj) -
apiedegod 5 10.701 Gev-Js L eRB. (1 + dr)
2— 1 Channel /s (GeV) N®® cp (pb)

Experiment vs Theory:

Measured ratio:
oleTe™ = wy,)

~ 1.3 +0.6
o(ete™ = wyn)

at odds with expectations for a pure D-wave bottomonium (Phys. Lett. B 738, 172 (2014))
oleTe™ = wy)

135

olete™ > wyn)
tension with prediction for a S-D-mixed state (Phys. Rev. D 104, 034036 (2021))
oleTe™ = wy)

= (0.18 = 0.22)

o(ete™ = w )

X7 — Crystal Ball , w — BW @ Gauss (resolution) 29 PRL 113 (2014) 14, 142001



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.142001
https://www.sciencedirect.com/science/article/pii/S0370269314007011?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.034036

o(eTe”™ = wy;,), pb

Observation of Y(10733) — w y3,1 5

o(eTe™ = wy;,), pb

L 4
* L ]
“: ----------- Sugm of = m =

-@- Belle |l data
—= Belle data
— Total fit

===+ Solution |

- =+ Solution |l

r

10.75

o(eTe” — wyy; ,) peaks at Y(10753)

No obvious peak at Y(10860) is found

| | r | | | H
10.8 10.85
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'0
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Belle II, 1.6, 9.8, and 4.7 fb™ -
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L o o AT
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10.7

it aermerarara | Pk L TN Sy
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Belle II + Belle data @ \/%) = 1119-(5230612)(1}46\1;2001

Fit function 1s BW + PHSP:

| \/(Dz(\/g) |

\/ 1241, B, T

s — M? — iMT

!

(M

)

(DZ(\/;) i |2
a

M and I of Y(10753) are fixed to values obtained in
JHEP 10 (2019) 220

'ece By Solution I, eV Solution II, eV
FeeB(T(10753) — wXbl) 0.63 = 0.39 =0.20 2.01 £0.380.76
FGGB(T(10753) — wXbQ) 0.53 +=0.46 = 0.15 1.32 +0.44 4+ 0.55
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Method

e Reconstruct inclusive D, and D" at each energy scan point, N3 bb-events
0.18—
P . . - :
o Xp= is used to separate continuum and bb- events; 016
pmax 0.14:—
0.12;— i
- — 0 0.1 |
o(e"e” - bb - DX)ando(e"e™ — bb — D"X) 008
0.06(—
0.04— —
e Measured cross sections can be expressed as: 0.02;-
ﬁ1|%| | I

011

0 01 02 03 04 0.5 l06I - 671 - [O.)8;PI=\/CS)}3.:2DS1
o(ete” - bb - D X)/2 = BB, » DX) -o(ete” > BB X)+ BB — DX) - o(ete” - BBX)
o(eTe™ = bb —» D"X)/2 = BB, — D’X) - o(ete™ - BB X)+ BB — D'X) - o(ete™ - BBX)
Solving eq’s system: o(eTe™ — BB X) and 6(ete™ — BBX)
o(ete™ - BB X) = o(ete™ - BBD)

AB(B, = D.X) has large uncertainty )
up to BB 7’7" threshold (11.004 GeV)

BB, — D'X) is not measured, only prediction



Fit the D, mass distributions in the different x, bins at Y (55)

o 3051:) 3 1=0.576 o x
S — frac1=0. = B
> | frac2=0.305 j > 4F Data j
= | frac3=0.086 = Shift=0.17443 MeV
N 25/ traca=0.033 S a2 el 1 Fudge factor=1.17
5 _8 3.9 ¢, are fixed from MC ucge tactor=1.
B sigma1 =0.0032 delta1=0.13512 B U are ﬁxed from MC
50| sigma2=0.0056 delta2=0.53990 3 | 4
- sigma3=0.0121 delta3=0.86631 - common shift and n
~ sigmad4=0.0347 N deltad=-7.59237 o g fudge factor for 4
_ N gaussians
150 ) -
i 2 |
- - T
i all parameters - -
10— . are free 1.9
i i - |
- =
51 -
i L 0.5
i I I [ | | | I | | | I | | : | I l | I I | | I | | | l | I | l | I |
q 9 1.92 1.94 1.96 1.98 % 02 9.9 1.92 1.94 1.96 1.98 22 02
Mp, from Y (5S) GeV/ Mp, from Y(5S ), GeV/c

fi =Gl + G2+ G3 + G4 % i =Gl + G2+ G3 + G4 + CHEB?



X, spectra at
Y(5S) and Y (4S) data

Red points — on-resonance data

We fit the large x, part of the on-resonance

spectra to find the continuum contribution
in the bb region

Fitting function — shape of the x,, spectra
for the data below the Y (49)

Blue hatched histograms —{it results
Open dashed histograms —
extrapolation of the continuum component

We subtract the continuum component to
obtain pure bb spectra
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