First result of scan data at around
10.75 GeV at Belle Il
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Bottomonium

Rev. Mod. Phys. 90, 015003 (2018)
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 Conventional bottomonium
* Unconventional charged states

Y (6S)
YA5S)
=Y, (10860)

|| \/ o . Only two bottomonium-like states Z,(10610) and
| Nl ))0) 3B
b 0) ) Be Z,(10650) [PRL 108, 122001 (2012)]:
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The study of bottomonium states:

* Rich the bottomonium spectroscopy

* Understand the nonperturbative behavior of quantum
chromodynamics [EPJC 71, 1534 (2011), EPJC 74, 2981
(2014), PRD 93, 074027 (2016)]
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Belle Il detector

Superconducting solenoid (1.5 T)
- -

K ar and u detector
‘ eglstlve plate chamber (outer barrel)
‘hti ator + MPPC
G INe r2 parrel layers, end-caps)

Electromagnetic calg

CslI(TI), waveform samp Iln =

.Pér('bfé*\llj‘ ETECIOTS)

) counter (barrel)
\erogel RI (forward end-cap)
Tracking detector

Drift chamber (He +

Trigger and DAQ

Max L1 rate: 0.5>30 kHz
\Pipeline readout

\ — :\

4 outer Iayers D

Better performance even at
the higher trigger rate and
beam background

GRID computing

Asymmetric energy e*e” collider operating
near Y(4S) mass peak

Much higher luminosity than predecessor
Upgraded detectors (better vertex and

particle identification performances)

Achieved peak luminosity: 4.7x103* cm2s1

Current integrated luminosity: ~424/fb
(~Babar ~0.5 Belle)



Bottomonium(-like) prospects at Belle Ii

Four ways to access bottomonia:

* Direct production from e*e: JF¢ =177:Y(nS)

* ISR production: J?¢ =177:Y(nS)

* Hadronic transitions from Y(nS) through 1, 1tm, etc

PC=0"% 17,1+ .. : Y(nS), hy,(nS), ..

* Radiative transitions from Y(nS)

PC=0"F,077,17F, 27 : np(nS), xp




Observation of e"e™ — w)y; and
search for X;, » wY(1S) at+/s near 10.75 GeV

[arXiv: 2208.13189]



Motivation: Y(10753)

 Belle: several ~1fb'scan pomts below Y(5S)
« New structure observed in m* ™Y (nS) transitions

V -

1 (10860) 1 (11020) New structure
M (MeV/c?) 108853+ 1.5%22 11000.0732 19 | 10752.7 £ 5.9 107
[ (MeV) 366755707 238755 15 (3550558 |,
Theoretical interpretations
[Conventional D- or S-D mixed bottomonium: \ (Tetraquark: \
PRD 105, 074007 (2022), PRD 104, 034036 (2021) PLB 802, 135217 (2020)
EPJC 80, 59 (2020), PRD 101, 014020 (2020) PRD 103, 074507 (2021)
PRD 105, 114041 (002), pLA 803, A3saan (ozey | | 27KV:2205.11475
PRD 106: 094013 (2022)' ' CPC. 43,123102 (2019)
\_Prog. Part. Nucl. Phys. 117, 103845 (2021) ) k@&lﬁ% 2210.16250 )

* Interpretations as an admixture of the conventional 4S and 3D state

predict comparable branching fractions of 1073 for Y(10753) —
mtnY(nS) and Y(10753) - wyyp; [PRD 104, 034036 (2021), PRD

105, 074007 (2022)].
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X,: Bottomonium counterpart of X(3872)?

« Two close peaks observed in the cross sections for ete™ —» ™ n™]/y by BESIlIIMand ete™ —
nttTY (nS) by BellelZ, respectively, may suggest similar nature.

* Y(4220) - yX(3872)Bland wyo* observed by BESIII.

* So expect the Y(10753) state to decay into yX, with X, = wY(1S), as well as a potential
resonance in the line shape of o(ete™ — WXpy)-

Y(4220)/Y(4320) - Tt ) /4 . Y(4220) - yX(3872) Y(4220) - o)X
100 2 0.8 i .
B S b —+—Th|s work
I DG BESIT = | BESI ~ BRI 2014 a5 + B
2 80 _Fit] S 0.6F ~ Fit 2 4~ BESIII 201542016
2 b --Fitl Dy 22001 & PRL122,232002 | = | PRD 99, 091103 (2019)
e[ (2017) £ 0.4 (2019) 2 50
e B —~ : % I
.T 40 ._ (qV] B ;Q) <l
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% 20 >E<>, : 0 b4 Tet "
: ® % 2224 46 b s '
N I ST T A o =
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[1] PRL 118, 092001 (2017); [2] JHEP 10, 220 (2019); [3] PRL 122, 232002 (2019); [4] PRD 99, 091103 (2019) -7-



Unique scan data near /s = 10.75 GeV

* In November 2021, Belle Il collected 19 fb! of unique data at energies above the Y(4S):
four energy scan points around 10.75 GeV.
* Physics goal: understand the nature of the Y(10753) energy region.
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Analysis goals

ete” = wxpy:

e Determine the Born cross section foreTe™ — WXpj Using unique scan data
samples at /s = 10.701, 10.745 and 10.805 GeV.

 Study the energy dependence of Born cross section for ete™ — WXpj by
combining with Belle data at /s = 10.867 GeV [PRL 113, 142001 (2014)].

ete™ - yXy:
* Search for the X}, using unique scan data samples at +/s = 10.653, 10.701,
10.745 and 10.805 GeV.



Analysis overview

w (- ntn 70

e’ A e

Y(1S) (= eTe™/utu7) Y(1S) (> eTe /u™u7)

- Event selection criteria

4 or5 charged particles

e standard Belle Il PID: 90-95% efficiency with 1-5% misID
* Xpj Photon energy > 50 MeV

* 0.105 < M(yYy) < 0.150 GeV/c2 for ° (90% efficiency)

* constrained kinematic fit to t*m ’yete™ /utu” final states
* best candidate based on fit quality

- Data driven corrections and systematics from control samples

-10-



Mass distributions
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Events / (10 MeV/c?)

Observation of e™e™ — W)y,
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Two dimensional unbinned maximum likelihood
fits to the M(yY(1S)) and M(t* ™ m)
distributions.

Channel /s (GeV) Nsig 01(;(])21 (pb)
WXb1 10745 68.91137 3.6107 +0.4
WXb2 27.6711:¢ 2.8%1%+0.5
WXp1 15.0%83 1.6 @90% C.L.
WXb2 10505 3.3%53 1.5 @90% C.L.

The total xy; signal significances are 11.10
and 4.50 at /s = 10.745 and 10.805 GeV.

Note that the g, (€™ = wxp1/WXp2) is only
(0.76+0.16)/(0.29+0.14) pb at 1/s = 10.867 GeV [PRL
113, 142001(2014)].
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Observation of Y(10753) — w)y,

al -@- Belle |l data Belle I, 1.6, 9.8, and 4.7 fb™
a , -4 Belle data —5 -8.
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’;‘5 6 . -+ Solution | . ‘:4 ';%
I -+ Solution Il : :
S | 38 3
14 |1
o | 2o
2. 2 1 @
| :

0_

10.7 _10.75 10.8 10.85 107 1075 0.8 10.85

/s (GeV)

Combine Belle Il measurements with Belle
measurement [PRL 113, 142001(2014)] to fit cross

Oetesuyp; (VS) = | [PS2(+/5) + BW(v/5)e'?|?, [eeB(Y(10753) = wXp1) | (0.63+0.39+0.20)eV | (2.01+0.38+0.76) eV
BW(/S) = V12T BT |PS,(1/5) leeB(Y(10753) = wxp2) | (0.53+0.46+0.15) eV | (1.32+0.44+0.55) eV

s — M2 + iMT | PS,(M)
M and I" of Y(10753) are fixed according to Ref. [JHEP 10, 220 (2019)]. -13-



Search for X,
ete™ - yXp (= wY(1S))

[ —Data Belle Il, 3.5 fb" | —e— Data Belle II, 1.6 fb {10 L _ -
10l —rom  V5=10653GeV| 1™ (5210701 GeV * No significant X, signal is observed.
N L bJ i " —
<§ [T Expected X, M b | The peaks are the reflections of ete™ — WXp]-
ég 5- } ~ } i
e Ll I N
~ 30 Belle II, 98fb' Belle Il 4.7 5
8 s = 10.745 GeV s = 10.805 GeV -\
: &
o :
@ 1. Fromsimulated events with m(X,) = 10.6 GeV/c?

The yield is fixed at the upper limit at 90% C.L.

0 ® ¢l T - ‘ — 0
105 106 103 104 : - 10.7

M(wY(1S)) [GeV/c?]

10.6 GeV/c? 0.33 0.10 0.14

m(X,) =

m(X,) = (10.45, 10.65) GeV/c? | (0.14, 0.55) (0.25, 0.84) (0.06,0.14) | (0.08,0.37)




About Y(10753):

. I‘eeB(‘JOXm/bz)
oo B(mtmY(15,25,35)) 2 - 5for Y(10753)

. I‘eeB(‘JOXm/bz)
TeeB(mtm=Y(15,253S)) 0.2 for Y(10860)

* Y(10753) and Y(10860) have the same quantum numbers and are only 110 MeV/c? apart.

This analysis shows that the eTe™ — wXp Process observed near Y(10860)
by Belle could be due to the tail of the Y(10753). The large difference between
the small value of the wyp; to T ™Y (nS)production rate at the Y(10860)

and the value at the Y(10753) may indicate different internal structures for
these two states.
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Our measurement:
o(ete” - wyp1)/o(eTe” - wyp) =1.31+0.6

About Y(10753):

» A pure D-wave bottomonium

 From PLB 738, 172 (2014), for a pure D-wave bottomonium

I'(Y(10753) - wXpo): T(Y(10753) - w)p1): T(Y(10753) - w)p2) = 20:15:1.

* Pure Y(3D) interpretation contradicts theory: Godfrey and Moats, PRD 92, 054034 (2015)

Y(4S) B'B B'B* B;B; B:B. Y(5S)
» 4S - 3D mixing scheme ‘ ‘ ‘ ‘ ‘ ‘
102F [ Xoo® ./_/"
~ T X @ ’ et
E—l = 10.55  10.60 1:)“::) 1::'37‘?)) 1075 10.80 10.85 10':;(;5) 10.95
f ) : : ; 2o Bogs . : : :
g 1073
= * Inthe 4S - 3D mixing scheme for the Y(10753),
s .- [(Y(10753) — wxp1): T(Y(10753) - wxyz)~1:5
PRD 104, 034086 (2021)
104k

05 06 07 08 09 1.0

SN -16-



Belle Il potential —10.75 GeV

Other active ongoing analyses based on unique scan data at Belle II:

ete > B (*) B (*)

Quarkonium spectroscopy (conventional and exotic)

Hadronic and radiative transitions

ete” - r*rtY(nS)

Annihilations in exclusive final states
ete - yX, * Precision study of the vector states using ISR

ete” - nY(1S,29) * New physics in Bottomonium decays
ete” = wn,(1S)

ete” - n'rrY(1D)
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Summary

Belle Il bottomonium program includes
» Early run near 10.75 GeV, Nov. 2021 (Done)
> Y(3S), Y(5S), Y(6S), and scan above Y(5S) in the future [PTEP 2019 (2019) 12, 123C01]

Based on early run data near /s = 10.75 GeV

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

* The value of I,,B(Y(10753) = wXp1/WXp2) is in the range 0.20-2.9/0.05-2.0 eV, which
is consistent with I, B(mt*m~Y(nS)) (n=0, 1, or 2) [JHEP 10, 220(2019)]. But this is quite
different from the Y(10860), where the value of I',,B(Y(10860) = wXp1/WXp2) is much
smaller.

* No evidence of a X, signal is obtained with X, masses between 10.45 and 10.65 GeV/c?, and
the upper limits at 90% C.L. are set.

Thanks for your attention!
18-
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Bottomonium(-like) prospects at Belle Il

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

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

- Improve precision of already known processes and states, e.g., Z,

- Measure the effect of the coupled channel contribution

- Study B®B**) and Bg*)Bg**) threshold regions (challenging for Super-KEKB)

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

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

- Search for new physics:
LFV, LFU, light Higgs, ...

ole e ~—=(bb)] [nb]

bb B Physics Yy Z,
L 10! LFV/NP cc bb 7, Y:?
= 5 0 ¢
‘ bb 2, Yy? bb
N _ bb
bb B®B™ 1 B, l ApAy
Yo?
Y(3S)
33fb
 10-1 Yo(?)
scan ~1fp
~7fb
Y(2D)?
1 / 5pb" 1 1 1
10.25 10.50 10.75 11.00
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