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Discovery of Upsilon January, 1976

Fermi Lab, E288, eel

/ -
UP-ARM g d_a.'
MAGNET o P dm
= g
-~ > U3
gl -
_ =7 w2
il =
TARGET @ s /\Y ul
PRIMARY ; ey 8
PROTON 5}’“ .. (_!)
—v—e.. J Pb-GLASS pars
IS
>
@%\ 2
D2 o
COLLIMATOR i NE
~ D3
\ - - o
~
DOWN -ARM S -
me+e- (GEV) *
0 20 30 40
meters Fig. 2: Electron-Positron Mass Spectrum: d¢/dm per nucleon
Fig. 1: Schematic oug am of the Apparatus: Ui -3 and Di-3 are sets of scint{llation versus the effective mass. A linear A-dependence is

trigger counters, proportional wire chambers, and scintillation hodoscopes. assumed Note bin width changes


https://history.fnal.gov/historical/experiments/e288_high_mass.html

Discovery of Upsilon
Fermi Lab, E288, pu?2
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Run 2 of experiment started Jan 29th 2024 Collected ca. 0.55/ab = BaBar

— During Run 1: Achieved world record inst. luminosity of 4.71 x 10°*cm 2§~
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Y (10753) — discovery and studies
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« Y(10753) was firstly observed at Belle in the process of
ete” - Y(nS)nn (n=1,2,3).

* Many hypotheses to this new particle

* Hybrid, tentraquark, mixed bottomonium, etc.

e Scan data on Belle Il to study its properties to reveal its nature
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Y (10753) —mass and width
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Agree with previous Belle measurement.

6 Improve uncertainties ~2 times smaller
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Y(10753) — decays

We have searched for

Y(10753) — z7Y(2S) **
Y(10753) - wy,; ™
Y(10753) = nY(25)*
Y(10753) = ntn~ 7',
Y(10753) = nY(1S)
Y(10753) — 77~ Y,(1D)
Y(10753) — 77~ Y4(1D)
Y(10753) — z7Y(1S)*
Y(10753) = znY(2S5)
Y(10753) = wn,
Y(10753) = vy,
Y(10753) — 7*Z7



Y(10753) = 7z Y(nS)
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Y(10753) —

»

The (7r+7t_7r0)(n0n_w) Xpy €Xcess maybe due the

cascade decay of Y (55,65) = Z,w — [y,,pln

[PRD 90, 014036 (2014)].
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Y(10753) = nY(2S)

M(IT) [GeV/)
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Clear signal is seen.

Equivalent signal yields at 10.610 GeV as 10.75 GeV but

much less luminosity.
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Strong violation of HQSS, comparing with O(1073) for Y (1,25)

Possibility of a new B*B* bound state?
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Unbinned maximum likelihood fit to the 6°°™ together with Belle measurement.

[JHEP 10 (2024) 114]
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Parameters of Y _,, fixed to:

m = 10645 MeV/c?, T =9 MeV obtained from ete~ — BB, i
Only Hint of Y. is found. Rapid increase of o(B*B*) just above the threshold

Y, (10650) is predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647].
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Event 4.0 MeV/c?
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Much smaller Born cross sections than e¥e™ — wy,,;and e"e™ = 77~ Y (nS)
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Y (10753) correlation to XYZ?

X

£

Y(4230), another quarkonium-(like) state which was also found in e e~ — zzJ/y and wy,.

Y (10753) may also have a strong coupling to X, or Z,.
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Y(10753) = yX,

The partner of X(3872) in bottomonium sector, namely X,, is predicted to
decay to wy, ;, nxyy,;, an) (nS), etc.
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The yield is fixed at the upper limit at 90% C.L.

No evidence is found in neither X, — wy;,; nor X, — 7T+7T—)(bj
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Events / 10.0 MeV/c?

Events / 10.0 MeV/c?
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No Evidence of Z,(10610/10650).
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Spin flip if exotic nature inside,
leads to possible large BF of

Y(10753) — a)nb [CPC 43, 123102(2019)].

No evidence found.



Other spectroscopy studies

JPC=1--

4 T Advantages of ISR:

Allows to study energies below E . .

ST Wide energy range available.

Belle Il Preliminary J.Ldt =4279fb" - Belle II Preliminary J.l,dt =427.9 fb’! Belle II Preliminary ILdt = 127.9 b
(,:];\ T T T 1 7 -g.‘ —T I ———y S — - . . - - I . -
. . 27 - -+ Signal -
; : 1 (X) — § Belle (a) — =2 - Total ]
O 40 2- - ! t Bellell - % 20k — Z(3900) _
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- i B - e S i
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We can see the Y(4008) evidence and Y(4230/4320) signal.

The significance of Z.(3900) is 5.36, showing Belle II's potential of charmonium-(like) states studies.
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Gy (e'e—K*K'Ty) (pb)

Events / (40.0 MeV/c?)

e"e” - KK J/y via ISR:
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PRL 131, 211902 (2023)

- ¢ BESIII (2022) ¢ This work — Fit result
[ --Y(4230) - Y(4500) - Y(4710)
0 = rmsis | :."U'.'-I-‘- |~ vs|

* No clear signals were

* More data are needed.

observed at Belle 1lI.
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eTe”™ — ppJly via ISR:

The cross section for ete™ — P_.p is
estimated to be < 0(0.1 pb) [arXiv:

2508.08694].
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Two photon process oy

X(3930) —> DD, 530’ Phys.Rev.Lett. 126 (2021) 12, 122001 LLLL

Phys.Rev.left. 96 (2006), 082003 y -
| - 3 oo X(3872) = wtr Iy, 3.20 R
s 10 o " T _X(3872)
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0, L N 4 b Phys.Revlett. 104 (2010) 112004 210
MED) (ol s LA | charmonium(-like) particles.
- i ! | YN AL I
L] e USRI M . .
b q ol L7 S b Important in various QCD
4.2 4.4 4.6 4.8 5 M(yy(2S)) GeV/c®

M(0J/v) (GeV/c?) measurements.

Long suffered from high background from continuum
background and low efficiency.

A new detector to tag two photon process is proposed by Fudan University:
“Workshop for Two Photon Process and New Detection Technology”
May 16-17 in Fudan University.

https://indico.ihep.ac.cn/event/29263/

Dipole magnet near the Belle |l detector 18




Summary

Belle Il is the only detector working in bottomonium energy region.
Unique data provide unigue results!

New data, upgraded detector, more intelligent tools, more
importantly, brighter beams.

Belle Il is targeting ~1/ab till this summer. Will bring more interesting
results, not only in quarkonium but also other area.

i !
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Y(10753) — 7777 Y(1,2,35)

Y(10753) - nY(1,25) /A\ Y(0753) = wyyy

Y(10753) — wn,

N

Y (10753) = 2z Y4(1D)



