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Introduction

* The charmonium system provides a
laboratory for the study of the strong force.

* Progress is piecemeal.

* This talk will cover recent results from:

« CLEO’s total sample of 27M y(2S),
mostly collected in August, 2006.

+ Recent Belle yy results and
BaBar B decays to charmonium.

* Note:
 We are about to enter a new BES 111 era.

« Heavy charmonia (Belle, BaBar) will be
covered in separate talks.
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I, (2S) — ync(1S)

CLEOQO: 24.5M y(2S)
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arXiv:0805.0252[hep-ex] (submitted to PRL)

Three Measurements of M1 Transitions:

A. B(Y(2S)—=yne) = (4.32+0.16+£0.60)x10-3 from inclusive 1. decays.
B. B(JAp—=yne) / B(W(2S)—=yn¢) using exclusive 1. decays.
C. BJWw—=yne) = (1.98+0.09+0.30) % taking AxB.
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* One “surprise” was the non-trivial line-shape of the 1.

« Recent Lattice QCD Results (Dudek et al, PRD73,07450(2006))
predict 'y = (2.0£0.1£0.4) keV
= B(JAp—=ync) = (2.1£0.1+x04) %

The experimental value of B(J/y—yn.) is now in line with theoretical expectations.



Note on the n¢(1S) Mass

PDG 2006 Mass

WEIGHTED AVERAGE
2980.4+1.2 (Error scaled by 1.5)
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e From P(1S,2S)—=yn.:
average = 2977.3 + 1.3 MeV/c2
* From vy or p*p~ production
average = 2982.6 = 1.0 MeV/c?
= >30 difference!
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From CLEOQ fits to J/A\p—vyn. (previous slide):
M(ne) =2976.7 £ 0.6 MeV/c? (unmodified BW)
M(ne) =2982.2 + 0.6 MeV/c2 (BW modified by
energy dependence in the matrix element).
(statistical errors only!)

Recent Belle vy measurements:
Nc—>4-body (EPJ,C53:1-14(2008)):

M(ne) =2986.1 = 1.0 2.5 MeV/c2
Ne—>KsK7t (photon 2007):

M) =29814+£0.5 +04 MeV/c?

Understanding the energy dependence of the
Y(1S,2S)—=yn. matrix element is crucial for
an accurate mass measurement from
radiative decays.



Observation of JAp — yvy

CLEO 27TM y(2S) arXiv:0806.0315 [hep-ex] (accepted by PRL)

 This is the quarkonium analogue of
ortho-positronium.

o Tag J/Ap with Y(2S)—sttrt-J/Ap.
e 37 events are inconsistent with yst%/1/1"/mc.

e 24 .2 events remain after subtracting
backgrounds (dominantly ymonP).

e BJ/p—yyy)=(12+03£0.2) x 10-5.

A search for J/PY—ync; Ne—>YY

leads to upper limits on B(1nc—7YY):
B(Mec—yy) <3x10-4 at 90% C.L.
(PDG: B(nc—vYy) = (2.7+£0.9)x10-4)
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Observation of ycj(1P) — y(0,m,)

CLEO 27M ¢(2S) arXiv:0807.3718 [hep-ex] (submitted to PRL)
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1. cut on hadronic mass

033 2. look at Ey(low)

The form of the decay is similar to J/(p—vf,
an important reaction for glueball searches.

pQCD, however, predicts rates an order of
magnitude below the observations!
(Gao,Zhang,Chao, Chin.Phys.Lett.23,2376 (2006)
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Xc0 — VP <96 1.2
o1 — Yp° 243 £ 19 + 22 14
Xe2 — yp° 2541013, < 50 4.4
Xc0 — YW < 8.8 0.13
Xel — Yw 83 x 1512 1.6
Xc2 — YW < 7.0 0.50
Xco — YO < 6.4 0.46
Yei — P 128 +76+1.5 <26 3.6
Xc2 — YO < 13 1.1 [arXiv:hep-ph/0607278])




Events / 3 MeV/c?

YcJ(1P) Two-body Decays

26M v (2S); CLEO Preliminary

(from P(2S)—"Yycr)
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w0 Can be used to
derive I'yy(yc02).
20
0
4 4.5
W (GeV)
Resonance Xeh Xe2
IyyB(KIKD), eV 7.0040.65 +£0.71 0.314+0.05£0.03
BKYkY Bkt K ) 0.49 4+ 0.07 + 0.08 0.70+£0.21 £0.12
B(KYKY)/B(x+ ) 0.46 + 0.08 £ 0.07 0.40 4 0.10 +0.06
Iy, keV 2.50+0234+£023+£0.62(br.) 046+ 0.08+0.04+0.08(br.)
CLEO Ratios (Preliminary): .o Y2

KsKs/K+K-: 054+£0.01+£003 047+0.03+0.03
KsKs/mtrm: 055+£0.01+003 033+0.02+0.02

Absolute BF'’s still hard to understand theoretically.



1cj(1P) Two-Photon Widths

Belle; arXiv:0706.3955 [hep-ex]; EPJ C53,1(2008).
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CLEO 24.5M y(2S)
arXiv:0803.2869 [hep-ex] (submitted to PRL)
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ryy(XcO) = 2.53 i 0.37stat i O.l lsyst i O.24PDG keV
ryy(Xc2) = 060 + 0.06stat + 0.03syst + 0.0SPDG keV
Ratio = 0.237 + 0.043gat + 0-015syst + 0.03ppc

Sensitive to relativistic and radiative
corrections in the charmonium system.



A Survey of Other y.j(1P) Decays
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1. B(er — baryon antibaryon); CLEO 26M (2S);
arXiv:0806.1715 [hep-ex] (accepted by PRD RC)

2. B(es — h*h~h%h0); CLEO 3.1M y(25);
arXiv:0806.1227 [hep-ex] (submitted to PRD RC)

3. B()xag — N nM); CLEO Preliminary 26M (2S);
(older data: hep-ex/0611013; PRD 75,071101(R) (2007).)

4. By — KKmwn); CLEO “first look” 24.5M (2S)
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The h.(1P) Mass

CLEO 245M y(2S) arXiv:0805.4599 [hep-ex] (submitted to PRL)

PY(2S) — he(1P); he(1P) = vy

(factor of 9 more data than previous measurement)
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35 Exclusive Analysis 3850208-004
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Combined Mass = 3525.28+0.19+0.12 MeV/c2

Compare to:
<M(%c1(1P))>=(3525.30+0.11) MeV/c? (PDG)

= Hyperfine splitting of 1P states is small (or 0).
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Properties of the nc(2S)

Belle; Photon 2007
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Mass = 3633.7 £ 2.3 1.9 MeV/c2
Width =19.1 +6.9 + 6.0 MeV/c2

Interference with the continuum
complicates the extraction of I'yy.

BaBar; arXiv:0804.1208 [hep-ex];
PRD 78, 012006 (2008)
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Previous inclusive B+ — K+X measurements can
be used to turn product BF’s into absolute BF’s:
= B(M(2S) > KKn)=(19+04x05+1.0)%
c.f. BMc(1S)—KKm) = (7.0 + 1.2)% (PDQG)

KK is still the only observed decay mode of the 1.(2S).



Conclusions

« After more than 30 years, the charmonium
system continues to provide important
insight into the strong force.

* This Talk:
« M1 radiative transitions:
P(1S,2S)—=yn(1S) and 1nc(1S) mass
© Ihp—=yyy
* %Y decays:
— v(0,0,0)
— two bodies
— Y
— etc.
* h; mass
* Nc(2S) properties

* We are looking forward to new results
from BES-III!
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