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Motivations

 Charmonium decays as a probe for non-
perturbative QCD mechanisms

o Several challenges in low-energy charmonium
decays



Several well-known puzzles In
charmonium decays

m y(3770) non-D D decay
B “pr puzzle” in Jy, y' = VP decay
® M1 transition problem in Jiy, ¥ =y 1., (1)

Conjecture: These puzzles could be related to non-
pQCD mechanisms in charmonium decays, see the talk
by Qiang Zhao at quarks and nuclear physics, Belijing.




aQ Charmonium spectrum
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a Experimental results

$(3770) DECAY MODES

In addition to the dominant decay mode to DD, v(3770) was found
to decay into the final states containing the J/4' (BAl 05, ADAM 06).
ADAMS 06 and HUANG 06A searched for various decay modes with light
hadrons and found a statistically significant signal for the decay to ¢ only

(ADAMS 06).
Scale factor/
Mode Fraction (I';/T) Confidence level
rn DD (85.3 +3.2 )%
M DODY (48.7 £3.2 )%
M DTD- (36.1 £2.8 ) %
M J/omrta— ( 1.93+0.28) x 103
s J/ya%x0 (80 +3.0 ) %104
e J/un (9 x4 )x107?
r; J/jy=° < 28 %104  CL=90%
s “xeco (73 £0.9 ) x 1073
Mg  ¥Xe1 (29 +06 )x103
Fm Y Xc2 < 9 x 10—% CL=90%
M, ete (9.7 £0.7 )= 100 S=1.2
[T o7 (31 +0.7 ) x 10—%

Particle Data Group 2008

CLEO-c:
onon-pp = —0.21 £ U'UQj—Lg:é{ll

B((3770) — non-DD) < 9%
at 90% confidence level

PRL 104, 159901 (2010)

Erratum to Phys.Rev.Lett.96:092002 (2006)

BES-II: non-D D branching
ratio can be up to 15%

obs _
O DD= (1.08 =20.40 £ 0.15) nb

M. Ablikim et al. Phys.Lett.B659:74 (2008)




Particle Data Group 2008

Mass m = 365609 +£0.04 MeY' |, (5=1Kh) Mass m = 3772.92 +0.35 MeV
Full width ' = 309 £9 keV Full width I' =27.3+1.0 e

k M, =2.36+0.04 keV M. =0265+0.018 keV' (5:1.3]/

Yanong Zhu, PhD Thesis,
(unpublished).
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‘ Less than branch ratio 1% in y(3770) 3g decay.



a Theoretical interpretation

€ S-D wave mixing scheme.
J. L. Rosner, Phys. Rev. D 64, 094002 (2001).

€ Four quark component in y(3770) .
M. B. Voloshin, Phys. Rev. D 71, 114003 (2005).

€ FSI effects from intermediate state.
N. N. Achasov and A. A. Kozhevnikov, Phys. At. Nucl. 69, 988 (2006).

¢ NRQCD calculation.
Z. G. He, Y. Fan, and K. T. Chao, Phys. Rev. Lett. 101,112001 (2008).



pQCD calculation:
BR(non-D D) < 5%

€ Short-range pQCD transition;
& Color-octet contributions are
included:;

€ 2S-1D state mixings are small;
€ NLO correction is the same order
— 0-5-\__%_ NLo  °f magnitude as LO.
> - ———— "~ 4 Results do not favor both CLEO
2 4. and BES
- 4 NNLO ?
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Z.G. He, Y. Fan, and K. T. Chao, Phys. Rev. Lett. 101,

112001 (2008).



Z.G. He, Y. Fan, and K.T. Chao, Phys. Rev. Lett. 101,
112001 (2008).

infrared divergences. We find that for the (3770) the
D-wave contribution 1s dominant, and the effect of S-D
mixing is very small. Numerically, our results do not favor
either of the two experimental results measured by the BES
and CLEO Collaborations. We hope that our theoretical
result can serve as a clue to clarity the long-standing puzzle
of the (3770) non-DD decay. We urge doing more precise
measurements on both inclusive and exclusive non-DD
decays of #(3770) in the future. If their total branching
ratio can be as large as 10%, it will be a real challenge to
our current understanding of QCD, and new decay mecha-
nisms have to be considered.

I

long-range interaction such as
Intermediate meson loop (or FSI)
mechanism ? If it does, how to quantify it?




Non-D Dbar Decay of psi(3770)

long-range transition mechanisms in y(3770) non-D D decays

Short-range pQCD transition

via single OZI (SOZI) process Long-range OZI evading

transition
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Intermediate meson loop scheme in y(3770) non-D D decay
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FIG. 2. The t- [(a) and (b)] and s-channel (¢) meson loops in (3770) — VP.

s-channel meson loops can be a source of y(2S)-y(1D) mixing.

Y.-J. Zhang, G. Li and Q. Zhao, Phys. Rev. Lett. 102, 172001 (2009)



Talk by Q. Zhao at QNP

The V = VP transition has only one single coupling of
anti-symmetric tensor form

Transition amplitude can thus be decomposed as:

Long-range non- Short-range

PQCD amp. pPQCD amp.

T~ 7

M = ME+ P MU = i[g; + g5 Fs(py)]

Xl €apurPy E‘S,Pﬁf? /M y3770):




B The Effective Lagrangians and couplings

- . g, dk
£¢D1’j — ngE{DB#D —_ B#DD}I!}#’ — F{j;(ﬁ??ﬂ}_,ﬂf} — ﬂfﬂﬁ??ﬂ}[}[}

. 67‘_Mi;3??m
£'\';ij,. = —fgvﬂfrfaﬁw,ﬁ‘rvﬁﬁ“ﬂ* D + H.C.,
£TD*E]" = _EgTan]nEHJB#HBHD*JBB#EJ*F? + HC,
.E'Pf_]ﬂ* = gﬂﬁyﬂ{ﬁa#? - B#E_’ ?}D*# + H.C.,
Coupling constants: gyiroptp- = 1271 8y@mop s = 12.43
ooy = g ST, Sprprn = g;’f’ﬂ, For other coupling, we
J P can obtain by SU(3)
gp'pp = \/’Zf’tgp, gppp = &p°ppMp, flavor symmetry.

where f, = 132 MeV is the pion decay constant, and
Mp = /mpmp- sets a mass scale. The parameters g,
respect the relation g, Zmpff,,r [20]. We take A =
0.56 GeV~!and g = 0.59 [21,22].



For J/y couple to charm mesons pair, we adopt:

g/ ypp- = 3.84 GeV™

gJ/JLIDD = 7.44

8 (3770)DD* — 8w(3?m}uﬂ/MU Mp = /mpmp-

Y. Oh, W. Liu, and C. M. Ko, Phys. Rev. C 75, 064903 (2007).
A. Deandrea, G. Nardulli, and A. D. Polosa, Phys. Rev. D 68 (2003).




Constrain the long-distance parameter

y(3770) Iy DA
- e
n (a) (b)
P — + —4 R A% — mi\2
BRJ;&,&H (9.0 =4) X 10 F () :( x)}
1’& —
where A = Meax + Eri'\Q'CDv with J'J\QCD = (.22 GeV.
€ Soft n production a = 1.73

€ n-n' mixing is considered
€ aform factor is needed to kill the loop integral divergence

The cut-off energy for the divergent meson loop integral can
be determined by data, and then extended to other processes.



Constrain the short-distance parameter and the relative phase.

Relative strengths among pQCD transition amplitudes (SOZI):

0,0 . ! !

pla’ KK ., on. on.  én  dn
§s -8 -55 -85 -85 -8 i mpti
S S ) 5 5 J - Flavor —bind assumption

= l:l:cosap:sinap:(— sinap): cOsa p

{ 7 = cosap|ni) — sinap|ss), 8p = —19.1°

n' = sinap|nn) + cosap|ss), Particle Data Group 2008

With @ = 1.73 fixed, we can then determine the other
two parameters gg = g?uﬁu = (0.085 and 6 = —66° by
experimental data, i.c., BRy, = (3.1 £ 0.7) X 1074 [8]
and BR,; <0.24% with C.L. of 90% [28]. In Table I



Results for y(3770) = VP mode.

BR (X107%) t channel s channel  SOZI Total

J/ 8.44 0.13 e 9.0

J/ 0.1 258X 1072 -+ 44x107?
pIT 34.45 7.69 X 107> 853 24.0
K**K™ +c.c 10.97 6.83 X 107 572 8.91
KK + c.c 11.80 438 X 1075 5.72 9.90
dn 1.25 1.13 X 107> 1.16 3.1
on' 0.87 253 X107 186 3.78
wn 6.83 9.64 X 107¢ 188 4.69
wn' 0.58 2.87 X 107 0.97 0.39
pn 1.88 X 107% 1.77X 107> -+ 1.8X 1077
pn’ 1.08 X 1072 1.54 X 107> -+ 10X 10?
w’ 257X 1072 1.82x 107> -+ 25xX10°°?
Sum 75.34 0.16 25.84 63.87

By var}'illg_ d, but keeping the ¢n rate unchanged (i.e. gs will be changed),

we obtain a lower bound for the sum of branching ratios ~ 0.41%.



X. Liu, B. Zhang and X.Q. Li, PLB675, 441(2009)

BR (%)

08 10 12 14 16 18 20 \ 22

Z.G. He, Y. Fan, and K. T. Chao, Phys. Rev. Lett. 101,
112001 (2008).




Summary

* Intermediate meson loop effects seem to play arole in
y(3770) non-D D decays.

« However, the quantitative calculations are sensitive to
cut-off energy and exhibit model-dependent aspects.

 More experimental data from BES-IIl will be able to
clarify that non-perturbative mechanisms are also
Important in the psi(3770) mass regime.



Thank you!
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