A new decay mode of higer charmonium states
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Y(4660) F1 Y(4630): IBit L Z1ERZBRE

Y(4660)

® As charmonium state: Y(4630)

> y(6S) > y(5D)

> y(5S) > y(4D) B
> y(4S) > y(3D) » A A bound state Y(4660) and Y(4630)

» tetraquark state

® As exotic state:

® As charmonium state:

® As exotic state:
» tetraquark state

> y'fo(980) bound state > 'f,(980) bound state

» tetraquark state

> hadro-charmonium state

Phys. Rept. 639, 1-121 (2016)
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TABLE I: The A A, partial decay widths (MeV) of the vector char- | (Y (4660)) = 4643 £t 9MeV
monium with a mass of M = 4643 MeV. B represents the branching

4 — 72+

ratio of the A A, pair. L QHUESOY)= el Wrey
State (43S ) B (538 ) B Y(63S ) B

A& 6.57 9% 2.44 3% 0.84 1%

State w(3°Dy) B Ww(4°D)) B Ww(5°D)) B

WY 0.33 0.4% 0.19 0.3% 0.09 0.1%

C(y(4S/55/68) > A A) « afewMeV
T(w(3D/4D/5D)—> A _A) ~ lessthan one MeV

J

If the enhancement Y(4630) in the A A, invariant-mass distribution is the same atructure
as Y (4660), the Y(4660) resoannce 1s most likely to be a S-wave charmonium state.
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TABLE II: The possible assignments of the Y (4660) with the predicted masses (MeV) from various models.

State QM [47] QM [48] QM [49] SSE/EA[50] NR/GI [51] SP[10] LP/SP [52]
Y(4°S ) 4625 4450 4389 4398/4426 4406/4450 4273 4412/4281
Yw(5°S 1) . e 4641 4642/4672 - 4463 4711/4472
(635 ) o e o 4804/4828 Ce 4608 .
w(3°Dy) o 4520 4426 4464/4477 - 4317 4478/4336
U(4°Dy) e e 4641 4690/4707
w(5°Dy) e e o 4840/4855

10.  PRD79,094004 (2009).  50.  arXiv:0810.2875.
47. PRD72,094004 (2005).  51.  Phys. Atom. Nucl.72,638 (2009).

48. PRD21,203 (1980). 52.  PRD72,054026 (2005).
49, PRD32,189 (1985).
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Fig. 3 The variation of the A.A, decay width with the mass of the S-wave vector charmonium. The blue, black, and red lines correspond to the
predictions with different values of the harmonic oscillator strength 8 = 450, 500, and 550 MeV, respectively
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® The A A, partial decay width of the excited vector charmonium states around 4.6 GeV:

* T(w(4S/55/68S) > A A) « afew MeV
* T(w(3D/4D/5D)—> A _A)) ~ lessthan one MeV

® If the enhancement Y(4630) in the A A, invariant-mass distribution is the same atructure
as Y (4660), the Y(4660) resoannce 1s most likely to be a S-wave charmonium state.

® This OZI allowed mode provides a new tool to explore the higer charmonium, which can
be produced abundantly at Belle-II.
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3P, 1RBL: Y (nS/nD)— =K

Evidence of a resonant structure in the ete™ — 7w D%D*~ cross section between 4.05

and 4.60 GeV
(BESIII Collaboration) arXiv:1808.02847
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3P, 1&8: P(nS/nD)—=FKS M (Y (4660)) =4643+9MeV
I (Y (4660))=72xt11MeV

WA MeV, JiEM=4643MeV, v=5.04

State ¥ (4381) ¢ (5%81) ¥ (6%S)
F s 0.15 0.04 0.01
Fotrnsirie D87 0.37 0.14
- 0.78 0.35 0.15
b, 0.11 0.05 0.02
State ¥ (3°Dy) ¢ (43Dy) o (5°Dy)
g 81.1keV 220keV 5.9 keV
Pppsmiote 090 0.39 0.15
I oo o 0.52 0.27 0.12
Coiis 0.24 0.08 0.03
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Y'(5S/6S): £1984F 55 CLEOIRME
. PRL54 381(1985)

6.0 f\ () M. =10868+6+5MeV
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Y(5S) ISR

M (10860) =10889.0"2 MeV’

T(10860) DECAY MODES I'(10860) = 5275 MeV

Mode Fraction (I';/T) Confidence level
rh  BBX ( 702 t5L 3%
I BB ( 55 +1.0 )%
3 BB 1 ec (13.7 £16 )%
M4 B*B" (381 £3.4 )%
Pk BBX) « < 197 % 90%
i BB~ ( 0.0 £12 )%
I, B*Br + BB*nw ( 7.3 £23 )% PRD81 112003(2010) Belle
Mg B*B*r {10 1.8 1%
Ig (%B?¥ < 89 % 90%

* ) =1* .

Mo B, B, (201 £3.1 )%
M1 Bs Bs (5 +5 )x10-3
12 B;B + c.c. ( 1.35+0.32) %
13 BB ( 176 +£27 j'%
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Y(6S) ISR

M (11020) =10992.9*1°° MeV
I'(11020) =49 MeV

T(11020) DECAY MODES

Mode Fraction (r;/r)

[ ete (27t ro) % 1078

7(11020) PARTIAL WIDTHS

M(ete) r
VALUE (keV) DOCUMENT ID TECN  COMMENT
0.130+0.030 OUR AVERAGE

0.095+0.03 +0.035 BESSON 85 CLEO etTe™ — hadrons
0.15640.040 LOVELOCK 85 CUSB eT e~ — hadrons
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3p, 1E8Y: Y(55/6S)— =KD

PRD92 054034(2015) y=0.6*\96m

Table 1: The B® BX) 7 partial decay width (MeV) of the vector bottomonium (y = 10.42).

Initial State Final State r B=550 MeV r B=600 MeV I B=650 MeV Fexp.
Y (53S)  BBnm 0.05 0.09 0.13  0.0£0.6
10889.9 BB*m + B*Bn 0.60 0.54 0.42 3.7+ 1.7
B*B*r 0.37 0.32 0.25 0.5+ 0.8
Y (635 BB 0.08 0.15 0.25
10992.9 BB*r + B*Br 1.12 1.42 1.53
B*B*n 0.95 1.21 1.34
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AR B AS -

® The A A, partial decay width of the excited vector charmonium states around 4.6 GeV:

* 1“(1//(4S/5S/6S)—>AK) « afew MeV
* I'(w(BD/4D/5D)—> A _A,) ~ lessthan one MeV

® 4S/55/6S/3D/4D/5D AR R =AARES #HNMERE - ERJLTMeV

JRAB R 25 -
® 55/6S WA R =K FNETE ~ FRILTMeV
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