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Charmonium spectrum below open charm threshold
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X ™ ppK'K

* Study of X, — BB is a good test of color octet mechanism in X, decays

* X — pp: theory consistent with experiment
* Xy ™ AA: BR from experiment larger

* X, decays into excited baryon pair
not measured yet

process theory experiment
B(xco—ppP) — 224427
B(xci—pp) 6.4 a1
B(xe2—pp) (i 6.8 £ 0.7
B(xaoo— AA) — 47 £ 16
B(xea— AA) 3.8 26 + 12
B(xsa— AA) 3.5 344 17
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XcD Xel Xc2

. A2+ 7.7 815492 131112

e(%) 384+01 624+01 68+0.1

B(xes — ppKTK ™) (107%) 1.244+0.20 1.35 +0.15 2.08 +0.19




X, — pK*A(1520)
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2(%)

B(A(1520) — pK ~)(%)

62112

9.0+0.1

22.5

48 + 10

1214 0.1

22.5

794+ 13

1244+ 0.1

22.5

B(xes — pKTA(1520) + c.c.) (107%) 3.00 +£0.58 1.8140.38 3.06 £ 0.50
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X, — A(1520) A(1520)
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Xe0 Xecl Xc2

28.11 98 < 6.9 280+ 74
(%) 171+ 01 163 +£01 12240.1

B(A(1520) — pK)(%) 22.5 22.5 22.5

B(xes — A(1520)A(1520)) (107%) 3.18 £1.11 < 0.86 5.054 1.29




XcJ — pB(p
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1.05 11 1.15 12 1 1.05 11 1.15 12 1 1.05 11 1.15 12
M(K® K) (GeVic?) M(K" K) (GeVic?) M(K" K) (Gevic?)
Xc0 Xel Xc2
Nobs 424+82 <133 244468
(%) 13.9+0.1 17.74+01 17.720.1
B(¢ —+ KTK~)(%) 48.9 48.9 48.9
B(xcs — ppo) (107°) 6.12+1.18 < 1.58 3.04+0.85




Summary Xx_, — ppK'K

X0 Xel X2

B(xes — ppK K ™) {ID_’J‘) 124 L2018 135 L0153 0.1% 2408 1-0.19 -1 .30

B(xcs — pKTA(1520) + c.c.) (1[}_’1) S.00-L 058 L0050 181 -+ 038 3038 306+ 0501 10.54

B(x.s — A(1520)A(1520)) (10~%)  3.18 £1.11 +£0.53 < 1.00 5.05 + 1.29 + 0.93

B(xes — ppd) (10~%) 6.12 4+ 1.18 - 0.86 < 1.82 3.04 & 0.85 & 0.43
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XCJ_>VV

* experimential BR of X_, — yV not well known

* X, — YV (), prediction by pQCD much lower
than CLEQO's measurement

Br. are in unit of 10-¢

Mode CLEO! pQCD? QCD®  QCD+QED?®
Xc0 — VP° < 9.6 1.2 3.2 2.0
Xoi — vp° 243 £ 19 4+ 22 14 41 42
Xco — Yp° < 50 4.4 13 38
XcO — YW < 8.8 0.13 0.35 0.22
Xoi — YW 83+ 15+ 12 1.6 4.6 4.7
Xco — YW < 7.0 0.5 1.5 4.2
Xco — Yo < 6.4 0.46 1.3 0.03
Xcl — VP < 26 3.6 11 11
Xco — YO < 13 1.4 3.3 6.5

1. PRL 101,151801 (2008), 2. Chin. Phys. Lett. 23, 23776 (2006), 3. hep-ph/0701009 11



KK, 10, it ® mass distribution
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Results: X, = W
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Mode CLEO! pQCD? QcD®  QCD+QED® BESIII
Xeo — 1P° < 9.6 i a2 2.0 <10
Xc2 — ’TPD = Bl 4.4 13 38 <20.8
XC-D — W 8.8 0.13 0.35 0.22 <12.9
Xo1 — YW 1.6 46 47
Xc2 — YW A i e 0.8 15 4.2 <6
Xc0 — Y < 6.4 0.46 1.3 0.03 <16.2
Xel — YO < 26 3.6 11 11 258452420
Xe2 — YP =48 1.1 | 6.5 /-‘"' <8.1

First observation

1. PRL 101,151801 (2008), 2. Chin. Phys. Lett. 23, 23776 (2006), 3. hep-ph/0701009
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X,— PP, dw, ww
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* ®®, dw and ww provide information about OZIrule violation in x_decays

e OO and ww are singly OZI suppressed

*x_,— ®® and ww only allowed for L=2 (suppressed ?)

e Dw is doubly OZI suppressed, not measured yet

(3]
T T T

Entries n

78

N

53

3

M,, (GeVic?)

335 34 345 35 _3.55 36 3.65

BESII result, PL B642: 192-202, 2006
BR( Xo™ OD)=(0.94+0.21+0.13)x107

BR(XC2—> OP)=(1.70+0.30 £ 0.25)x 103
No x_— ®®

14



X,— PP, dw, ww
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X,— PP, dw, ww
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First observation

Gk

Mode Nnet e (%) B(x10™")

Xc0 — P 133123 224 7.8x04x08
Xe1 — ¢ 9254 + 17 26.4 4.1+03+04
Xe2 — GO 630 +£26 26.1 10.7+0.4+1.1
- 2KTK™)

X0 —+ 0P 170 +16 1.9 02+07+10
e ik 112412 23 50+05+06
X2 — P 219+16 22 10.7x£0.7+1.2
-+ K*K ntn "

“Combined:

X0 = b _ — 8 3408
Xecl — ¢ — — 440340,
X2 — PP = 7/ 10703 11.2

YO — Ww 001 £ 3 13.1 05 +0.3=+1.1
Yel = ww 507 #29 13.2 6.0+ 0.3+ 0.
Y2 = ww ﬂ:y«.ﬂ' 8. TE1.1

= 2rtra") —

X0 —= wo T 147,13 501209

Xl — w¢

2 (022 =006 £ 0.02|

Xc2 —+ 15.7 < 0.2
—+ K7K

s

Evidence
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Summary

_X., - ppK'K X, — WV, X_, — W @ BESII|
- first observation of X _, —/A(1520) A(1520)

- first observation of X _, — y@
- first observation of X _, — @p,ww

- first observation of X ; ; — @w
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