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Abstr.act 

We observe 'f/c production in the two photon process e+e--} e+e-17c at an e+e­
center·of-mass energy of 58 GeV. We determine the radiative decay width r 'l''l'('flc) 
to be 27 ± H3(s-tat) ± lO(sys-) keN. 

1 Introduction 

1 Deceased 

1. Introduction 

The cross section for the formation of meson resonaJJces in two photon processes is 
proportional to the meson's two-photon radiative decay width, f""~-·' of the state that is 
produced. i'vleasurcments of r,.., are important for uudcrstanding the dynamics of qq 
bound states. This is especially true for heavy quark states. such as charmonium, where 
non-relativistic potential models are expected 1o be applicah\c. 

Quark potential ruodds have been used to ca.lcuiate the two-photon width of the 17c 
meson (I'-,-,(7lc)) [1). Nonrclativistic \"Crsions of the model that. includ<:> the lowest order 
QCD corrections predict the following relation between t.he leptonic decay width of the 
J J t!• and the two-photon width of the 1Jc[2): 

r ( )/I' . •I a •II' 1 • (D) I" oo ~' u(.l/V'} ~~(I + 1.96--'-) · J/v c\" -
l " (2m c)' [v·J;c.(O)I' 

Using a recent calculation of this ratio of 2.2 ± 0.2 [:3], together with the measured J /<!) 
leptonic decay width fcr(.l/Ji·) ""'5.26 ± 0.37 kc\' [:!],gives the vahw r..,....,.(llc) = 11.6 ±La 
keV. The decay width hns abo been cnkulatcd using QCD sum rules [;3) and the Bethe· 
Salpcter formalism [G]. The different theoretical approaches give predictions that range 
from 5 t.o 15 keV. 

PreYious measurements of f'..,...,.(7JJ have been made at c+(- colliders [7-12] and in 
the Antiproton Accumulator at Fermilab [1:3]. These experiments used a Yariety of 1lc­
dccay channels: 1\~J{±;;-'f, H+J.;-;r+r.-, :b-+2~<-, 2!{+2[(-. etc. (sec Table 1). The 
most. significant results were obtained from studies of the decay 1Jc ~ /\~A±;r:r:. Here 
unambiguous strange particle identification is provided hy tlw decay /\-~ -~ ;r+,.-. The 
measured results range from 6 to 28 ke V and have large errors because of limited statistics 
and uncertainties in t.hc 'f/c branching ratios. 

In this letter we report th(" first observation at TRISTAN energies of exclusive 'fJc 

production via two photons in the process c+c- -+ c+t- A'.?/\±,;:.. VVe measure the 
production rate for process<'s where neither th<'" scattered electron nor the positron is 
detected ("untagged"mode). In this case, the TJc is coupled to two quasi-real photons, 
one emitted by the electron, the other by the positron. From the observed event rate, we 
calculate a value for the radiative width Lr,(llc). 

2. Event selection 

The data were taken with the Ai\IY detector at TRISTAN at an average beam energy 
of 29 GcV. The total data sample corresponds to an integrated luminosity of 275 pb- 1. 

Details of the A:'vf'r· detector are provided elsewhere [1<1,15). For this analysis we nse track 
information given by the central drift chamber( CDC) situated in :J Tes\a magnetic field. 
The CDC has 25 layers of axial wires and 1-5 layers of stereo \\·ires and its polar angle 
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acceptance is lcosOI < 0.91. Electrons and photons are detected in the lead/proportional­
tube barrel shower counter (SHC) and the lead/scintillator end cap shower counter (ESC). 
The angular coverage of the combined shower counter systems is ico$01 < 0.98. 

2.1 Selection of 4 prong untag events 

In order to isolate the 1\.? J\±r.'f hadronic final state, \\·e select four prong events that 

satisfy tile following criteria: 

l) At least four good charged tracks in CDC, where good clwrged tracks satisfy the 
following requirements: 

a.) at least eight axial wire hits and five stereo wire hits: 

h) a normalized x1 of the track fits with values \;o::; 12 am! x~::; 12; and 

c} the tracks must originate from within r=6 em and 1-:'1:=10 em of the interaction 
point. 

2) The net charge of the four charged tracks satisfies l~q;l = 0. 

:3) The net transverse momentum satisfies I~P!.;I :::; \..1 GeVfc, where Pl.; are the 
projections of the charged track momentum V('ctors on the plane transverse to the 
beam direction, 

4) /\t least one of CDC tracks must have IPtl ~ 1.0 GeV/c and at least two nmst have 
liJI ~ 0.75 GeV /c. This requirement ensures a high trigger efficiency for the e>vent. 

5) The observed mass of the hadron system H't•is is between land 20 GeVfc2
• where 

{+'.,;, is calculated by assigning the pion mass to all charged particles. 

6) Events containing photons are rejected by demanding that no isolated shower with 
energy larger than 500 YlcV (3 GeV) is' detected in the SI-IC (ESC). The ESC 
threshold energy is relatively high in order to take into account overlapping effects 
of beam-induced backgrounds on signal events. 

2.2 Selection of [{~ inclusive events 

The /\~ is identified from its decay into ,.+r.-. To reduce backgrounds, we take 
advantage of the finite mean free path (cr = 2.616 em) of the 1\~. A secondary vertex 
(V0-) searching routine is applied to the data that looks for oppositely charged pairs of 
CDC tracks that intersect at a point more than 1 em radially distant. from ·the interaction 
point. The invariant mass and momentum of the Fe is calculated from the sum of the 
two track momenta evaluated at the position of secondary vc1·t.cx, assuming pion masses. 
V>./e require that the vertex position of the V 0 in the r- rjJ plane is located between 1 em 
and 15 em away from the interaction point and that the momentum direction matches 
the direction connecting the vertex and the interaction point within 10 d<~grecs. 
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Re-al V0 particles that arc not l\~~s can he due to gamma conversions h ----+ e+e-) 
and A ----+ p,.-(,\ ----+ P"+) decays. Such background events arc removed by positively 
identifying -,-·s and !\ 's as follows: 

1) T 
If 1.ht" invariant mass of l/0 is less than 0.200 GeV when both particles are assigned 
an electron mass. the \/0 is considered to be a gamma and rejected. 

2) ,\: 
If the invariant mass of F 0 is within 1.116 ± 0.020 GeV when one particle is assigned 
a proton- and the other a pimHnass. it. is considcrPd to he A and rejected. 

Figure 1 shows the r.+,.- invariant 1nass distribution in the range between 0.3 GeV and 
0.8 GeV for the 131 selected \1°'s. A clear /\~ peak is evident. A fit to this distribution 
usiug a gaussian plus constant background term results in a central mass value of 0.491 ± 
0.002 Gc\' and a resolution of a = 0.007 ± 0.002 GeV where both errors are statisticaL 
This indicates a 0.006 GcV systematic error in the ]\~ mass measurement. We identify 
V 0 's \Yith an invariant r.+r.- mass between 0..176 and 0.521 GeV as I\? candidates. 

2.3 ·J}c Reconstruction 

As mentioned above, we select. exclusive An events by requiring events the net trans­
verse momentum to be /:Sp~,/ ::; 1.5 GeV /c. A !\-lonte Carlo study shm~·s that 76% of 
the inclusive /{~ mesons from 1Jc decays satisfy this criterion (sec fig.2). Two events are 
consistent with a I\2 ](~ decay and arc removed from the cYcnt sample. Other exclusive 
;·;-processes that can simulate a /\? /{±;r":f fmal state arc :\A, Apf{+, and }\_pf{- pro­
duction. These events arc already remo\'ed from tllC' event sample at the 1~·2 selection 
stage. 

Since our detector has no capability to distinguish a charged kaon from a charged pion, 
we assume two hypotheses for each event: 1\_?A·+r.- and /\'~1\·-·rr+. Figure :3 shows the 
!{~ J\±r.'f mass spectrum for all events. Since there arc t.wo entries per event. the vertical 
axis is normalized to the correct number of events by dividing the total number of entries 
by two. The experimental data show a. peak around 3 GeV, which we interpret as evidence 
for exclusive 1}c production. 

To estimate the backgr01md. we made Monte Carlo simulations of the process e+ e- -t 

c+c- hadrons using the event generating program developed by AiVIY for the study of 
resolved photon processes [16,17]. The program includes contributions from Vector Meson 
Dominance (VMD). the Quark Parton 1\:Iodel(QP~vl) and resoh·ed photon processes. The 
latter uses the L/\Cl parametrization for parton densities in the photon \vith LUND 
fragmentation [18]. We also include the e+e- ----+ c+c-r+r- process. After applying the 
same selection criteria as for the real data, no r+r- events remain in our data sample. The 
combined mass spectrum from the background sources (VMD+QP~vl+LACl) is calculated 
and the result is shown as the hatched histogram in Fig. 3. The estimated background 
mass spectrum is fitted to the second order polynomial function and the result is shown 
as a dashed line. 
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\Ve have also simulated t h(~ process c+ ('- _, e~· r. -11,· -) c+ (- /\~ x±,.'F. details of which 
is described in the next section. The sum of resulting mass spectrum of X~J{±r.'f and the 
background contribution is shown as the solid histogram in Fig. :3. where the histogram is 
normalir,cd to the data as discussed belo\\'. We consider the events that arc \\'ithin ±0.200 
GeV of the tme mass of 'lc (2.980 GcV) to bt' c<wdidalc IJc events. Because of the relatively 
high momenta of the secondary particles. the incorrectly assigm'd /\·~ f{± r.'~' comhinat ions 
also prodUf(' a peak around 3 Ge\'. Jvlonte Carlo studies indicate that 8Yc of all entries 
are outside of the selected mass region. \Ve include a 4% systematic error on the number 
of IJc events for this effect. \Vc obtain a signalle,·cl of ().;j candidate <'Vents. The level of 
background is obtained by norma\ir,ing the polynomial function obtained from the I\-lonte 
Carlo studies described above to the observed event rate outside the 7}c mass region. After 
subtracting 1.6 ± 1.4( .stat) background C\'ents, we find 1. .9 ± 2.9(.~tat) IJ, events. The ?dontc 
Carlo histogram for the f{~f{±;o'f mass spectrum in Fig.:~ is normalized to 1.9 C\'Cnls. 

3. Measurement of the radiative width of 1Jr 

In order to determine the radiative width L,",(7JJ, we generated J•..Iont.c Carlo events of 
the process e+c --t c+crh --t e+c- I(?J\±~o'f using the cross section formula and t.lwcvent 
generator package of BASES/SPHI\'G [19]. The dilkrential cross section da(f+c- _, 
c+C-1Jc) factorizes into a luminosity fuuction and the two·photon cross section o(T"f ---1 
1Jc)!20]. The luminosity function is taken from the Ref.[21]. The two· photon cross section 
a(''n -) IJc) is given by [20]: 

ftvt(1Jc)f -y·,( 1Jc) 
a(T'f _, r7c) = 8r.(2J + 1). (I·P _ M,fJl + f?v~('lc)M,7,. 

where i\1,~<(2.980 GeV) and f'101 (1Jc)(l3.2 i\IeV) are tlw mass and total \\'idth of the 'lc· 
respectively [4]. 

The J}c --t K?J\±;r-'1' decay is produced using a three-particle phase space generator. 
The generated events are passed through a detector simulation program and subjected t.o 
the same event selection program that. is used for tlw real data. The resulting/\'~!{±"'!' 
invariant mass distribution is shown as the solid histogram in Fig. ;3. The detection 
efficiency(.:<~) of /{~[{±,.:r- event. frOllli'Jc decay is 0.35%(±0.01% from Monte Carlo statis­
tics). 

The linear relation between the decay width L 0 (1J,.) and the total cross section for 11c 
production leads t.o the following expression: 

where 

r ( p\IC( ) -r-rTJc)·R(rJc---1f{~f{±r,'f)= Y
1 l}c , :\'obs 

a(o!(e+e _, e+c TJJ SJ. St. L' 

Nobs = The number of observed 'IJc events, 
r:~~c{7Jc) =The radiative decay width of 'lc for Monte Carlo events, 
Ot<.t(e+c- --t e+C1Jc) =The total cross section of tbc process c+c '""-4 e+C1Jc, 
l'~~C(1Jc)fa1c..t{c+e- -;. (;+C1J,) is independent on J'~~L(7Jc) and calculated to be 

.; 

I KcVjl:l.2 pb by usiHg OASES. 
B(17r _, I\.~J{±~o'f) =The branching ratio of 1Jc -~ /{~/\'±;o'f = 1.8:3 ± 0 .. 57%, 
c1 =Trigger efficicnc,r = 0.79 ± 0.09(sys). 
and L =Integrated luminosity= 2/.) pb- 1 • 

The e;<periment utilizes a number of different trigger conditions. none of which are totally 
redundant. Thus. tbc trigger efficiency is estimated from a comparison of the fractions of 
events triggered by different sets of indi,·iduai trigger modes with Jvlonte Carlo expecta­
tions. The systematic error is estimated from the variation of the trigger efficiency when 
different combinations of trigger modes arc chosen. 

The result of our analysis of the reaction c+~:·- -) c+e- K?J\±~o'f is 

L,(,lo) · !J(~, ~ K?J{±c") ~0.49 ± 0.29(sta) ± 0.09(sys) kcV. 

The systcmatif error includes the uncertainties in the luminosity measurement (2%), 
trigger efficiency (9%), background subt.ra<"tion ( t2Vo). and the event selection criteria 
(10%), all added in quadrature. (The syskmatic error of ·1% on the number of TJc events 
is included in detection efficiency.) 

The computation of the radiative width L,-.(7Jr.) is affected b.v the large uncertainty 
in the 1J, branching ratio. The current.ly accepted POG value for B(1h --t f{~f{±r.'f) is 
1.8:~ ± 0.57%[4]. Using this branching ratio value leads to r...,.",.( TJc) = 27 ± 16( sta) ± 1 O(sys) 
keY, where t.he error of the branc:hing ratio has been added in quadrature as one of the 
systematic errors. Our result. is larger than, but consistent \Yithin errors with the PDG 
world average value of L,;·(7J,) = 7 . .1~::~ keV. 

4. Summary 

\·Ve observe a signal of T'f ---111c production in the reaction e+e- _, c+(,-1\?J\±r.'f. A 
total of 4.9 ± 2.9(sta) 'lc events arc seen for an int<ograt.ed luminosity of 275 pb- 1 • This is 
the first observation of 1Jc product.ion at TRISTAN energies. The product of the radiative 
decay widt.h and the branching ratio r....-I(IJ,). B(ll~ -) f{.?J\±~o'f) is determined to be 
0.'19 ± 0.29(sta) ± 0.09(sys) keV. 

The determination of the decay width f..,-r(llc) is affected hy the large uncertainty in 
thP TJ, decay branching ratio. Using the world a\·eragc value of the banching ratio, we 
obtained f'l-r(IJc) = 27 ± 16{8la) ± 10(sys) kcV. 
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!'.,,(~,) (kcV) 

Experiment Average of various modes 1/.: _, !\~ J\±r.OF mode 

PLUTO( 19861[7] 28 ± 15 28 ± 15 

TPC/2-,( 1988)\8] GA~~:~ < 18 

TASS0(19891[9] 19.9 ± G.LJ,8.6 19.:3 ± 7.5 ± 7.7 

CLE0(!9901[10] .).9~?:i ± 1.9 10.9~1:~ ± 3.-l 

1:3(199:31[31] 8.0 ± 2.3 ± 2.4 -

ARGUS(19941[12] I].:)± 4.2 15..1 ± :1.7 ± 5.0 

E-760( 1995)\l :l] 6.T~U ± 2.:3 -

PDG Ave.(1996)j-l) 7.5~/:~ --

The present experiment 27±16±10 27 ± 16 ± 10 

Table l: Experimental results for L,...,.(7lc). The values of L,..,.(1}c) for l}c ----4 /{~[{±1f'f mode 
arc calculated from the original values using the prcsC'nt PDG branching ratio 1.83% for 
this decay mode[-4]. 
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Fig. 3: hn·ariant. I(_~J(±r.~-mass distribution. The experimental data points are plotted 

with bars indicating the statistical error. The background contribution obtained from 

the Monte Carlo calculation is indicated by the hatched solid histogram. Its fit to the 

polynomial function is shown as a dashed line. The solid line shows the background 

contribution normalized to the observed data outside the 7lc mass region. The sum of the 

1}c Monte Carlo events and the background contribution is shown as the solid histogram. 

The l]c Monte Carlo events are normalized to the experimental data. 
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