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High mass vector charmonia
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Too many vectors!

What i1s the nature of the
newly observed states?

Charmonium?
Hybrid?
Hadro-charmonium?
Tetraquark?
Molecular?

Can we answer? 3
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All the vector charmonium states appear in this plot

(between 3.0 and 4.7 GeV!). We extract resonant
parameters from these (and more) Rc datal!
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BESII R Scan (2-5 GeV)
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BESII R Scan (around w(3773))
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CLEOc R Scan (3.97-4.26 GeV)
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Belle Rc Scan
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BaBar Rc Scan via ISR
(charmonium+hadrons)
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Only reported mode from BaBar, nnd/y results not published
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A few comments on Rc measurements

Already lots of data (BES, Belle, BaBar, CLEOc)

Precisions are not very high, especially for exclusive
charm final states

Charmed strange final states in full range still
missing (CLEOc at E<4.3 GeV)

More charmonium final states from Belle/BaBar full
data sample?

BESIII scan with high statistics

— 1 fb-1/year now, expect 5 fb-1/year in ~3 years

— Can measure all final states with cross section > 10 pb
— May start R scan (E=3-4.6 GeV) in 3-4 years

Do you have any new idea? Join us or tell us!
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Fit by K.K.Seth
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Fit by BES

Rthe — Rcon + Rres
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Fit by BES
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Final results from BES

The resonance parameters of the high mass charmonia in this work together with the values in PDG2004 [11], PDG2006 [12] and Seth’s evaluations [13] based on
Crystal Ball and BES data. The total width ot = I'r (M) in Eq. (9)

$(3770) ¥ (4040) $(4160) ¥ (4415)

M (MeV/c2) PDG2004 3769.9:+2.5 4040 £ 10 4159420 1415£6
PDG2006 37711424 4039+ 1 415343 421 +4
CB (Seth) - 4037 £2 415144 425£6
BES (Seth) - 404041 415545 4M455£6
BES (this work) 37720419 4039.6:+4.3 41917465 415.1£79

Tt (MeV) PDG2004 23.6+2.7 52410 78+20 $3£15
PDG2006 23.042.7 80410 10348 62420
CB (Seth) - 85410 107410 119416
BES (Seth) - 8946 107416 118435
BES (this work) 304185 84.54123 7184123 715£19.0

T (keV) PDG2004 0.2640.04 0.7540.15 0774023 04740.10
PDG2006 0244003 0.86:+£0.08 0.83+0.07 0.58+0.07
CB (Seth) - 0.88+0.11 0.830.08 0.720.11
BES (Seth) - 0.9140.13 0.8440.13 0642023
BES (this work) 0.2240.05 0.8340.20 0484022 0.35+0.12

5 (degree) BES (this work) 0 13046 293457 234488
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Multiple solutions

Parameter Solution I Solution II
10— S— ——— - oo [nb] 7.88 +0.04 7.88 £+ 0.08
i N ' R(Z) 0.106 =0.004  0.106 4 0.006
s 3(Z2) —0.103 = 0.003 —1.90 4 0.006
i | o' [nb/MeV] 0.064 +£0.002  0.064 + 0.006
g Tl Bl¢—wr®)  461x107°  7.62x 107
0 o

L \/f 4 - / \\\ _

l | L ! L | I I I L | L I I | G - Ir——v% I 1 I 1 “H‘T:
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Figure 2: Fit to the eTe™ — wn® cross sections as a function of center-of-mass energy.

CZY, X.H. Mo, P. Wang, arXiv:0911.4791

Same problem exists in fitting Rc data 22



Multiple solutions In R-fit

Simplified parameterization of the resonance amplitudes

Sthe. _ jres. | con
o = A+ B(\/5 — 2Mpe)
3 2
0" (s) = | ) _Ti(s) /1275 e
= L) = S anr

X.H. Mo, CZY, P. Wang, In preparation 23



Multiple solutions in BES data

tot.
(4040)
v(4160)
v(4415) ~
3.75 4 425 45 4.75
E om. (GeV)

4 solutions with the
same fit quality!

BES official fit is only
one of the four
possible solutions!

X.H. Mo, CZY, P. Wang,
In preparati



Multiple solutions in BES data

Same for all
solutions
Sol. |

(same as BES)
Sol. 1l
Sol.lll

Sol. IV

Parameter  1/(4040) Y (4160) (4415)
M (N:GV) 4034 + 6 4193+ 7 4412 + 15
I, (MeV)  87+11 79+ 14 118 £ 32
Y (keV)  0.66+0.22 0.4240.16 0.45+0.13
o'V (radian) O (fixed) 2.7+£0.8  2.0=£0.9
2 (keV) 0.72+0.24 0.73+0.18 0.60 & 0.25
»'?) (radian) O (fixed) 3.1+£0.7 1.4+1.2
'Y (keV) 1.28+0.45 0.62+0.30 0.59 & 0.20
»'? (radian) O (fixed) 3.7+£04  3.8+0.8
T (keV) 1.4140.12 1.10+0.15 0.78 £0.17
oY (radian) O (fixed) 4.14+0.1  3.240.3

X.H. Mo, CZY, P. Wang, In preparation
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solution 1

- solution 2
solution 3
solution 4

o produced data

\_" \..-.n\.

total section

Multiple solutions in BES data

Leptonic partial widths
are very different in
different solutions.

Toy MC (100 points, 1%
error) shows that when
data are more precise,
the difference in I,
could be very
significant.

Which solution is
PHYSICS?

X.H. Mo, CZY, P. \)fang,
In preparation



Choose one from multiple solutions

Parameter

(4040)

(4160)

(4415)

M (VeV)
I (MeV)

4033.5 = 0.3

4192.8 = 0.3
8723 £0.49  79.00 £ 0.53

44194 + 0 4 Toy MC with 100
118.114+0.56  data points

I (keV)  0.664+0.005 0.417+0.004 0.454 +0.003

with 1%
relative error

0.096 £ 0.003  measurement.

o) (radian) 0 (fixed) 2701 £0.012 2002£0.012 o
P2 (keV) 0.72340.006 0.731 £ 0.005
o' (radian) 0 (fixed)  3.051£0.001 1.43240.014

Which solution

I (keV)  1.283+0.005 0.620 +0.006
3,732 £ 0.006

0" (radian)

0 (fixed)

0.590 £0.003  chould we
3. 7890013 choose?

Y (keV)  1.307+£0.006 1.087 4 0.008

o (radian)

0 (fixed)

4,082 = 0.005

0.774 = 0.003
3.218 = 0.009

X.H. Mo, CZY, P. Wang, in preparation !



Summary

 Rc measurements
— R scan: BESII & CLEOc + prior BES
— ISR: Belle & BaBar

* Vector charmonium spectroscopy
— How to describe the resonances

— Use not only inclusive data, but also charm cross

sections
— Multiple solutions

* Future
— More data from BESIIlI (<3% error in R)

— Better models
— Fit v’'s and Y’s simultaneously

Thanks a lot!
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ete— nrry(2S) via ISR
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e'e— nFnJ/y via ISR
¢ Non resonant J/ynm ?
¢ Re-scattering ee —» DOD®) — J/yrr ?
goF T~ Tt~ —r 3 ¢ Another broad state ?
[ ¥ 1 — Check the latter hypothesis and

R : Influence of interference of Y (4260) with
S60F  ii e Solution One - non-Y contribution:

% ' X e Sohdian s 4 — Fit with 2 coherent BWSs

S a0l 3 — Two-fold ambiguity in amplitude

B F (constructive-destructive interference) +
2 model uncertainty due to y’ tail

E

w 20 -

I | Parameters Solution I Solution 11

j

m g Ll faih{:!—'—;:-ﬂl‘r'l P
M(r*m JAy) (GeV/c?)

M(R1) 4008 + 40+ 114

B-T,r.—(R1) 5.041.4%53 1244247148

M(R2 4247 4 127117
2-BW fit with interference better describes (72) T
the data: Y(4260) parameters are different Dtot (£22) 10R L 19 4 10
(especially peak cross section - large B-Tor— (R2)QG.0 £1.247  20.6 + 2@
uncertainty) & 1242975, 111+ 7735

Belle: C.Z.Y & C.P. Shen et al., PRL99, 182004 (2007)



Multiple solutions
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3 F 6F —  Sol-| 3
‘ ‘ A _ A ----- Sol.I _
N = : Parameter Solution I Solution II Davier [§]
B ul —
L . 2 m, [MeV] 775.9+ 0.5 —
- = T, [MeV] 146.0 + 0.8 -
= < 6] [x1073] 1.62£0.06  21.97 4 0.04 -
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Figure 3: Fit to the ete™ — 77~ form factors below s = 1 GeV? measured at CMD2

CZY, X.H. Mo, P. Wang, arXiv:0911.4791
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