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We have measured the inclusive cross section for n production in 5.2 6700 r¢ i
ete- Interactions near charm threshold using the Crystal Ball detec- :
tor at SPEAR. By comparing the imnclusive n productign above and be- Scan Data 236 “B L 4'0 L 4'2 4‘4 -‘—;
low charm threshold we obtain the limits: R(e‘e™~FFX) BR(F -+ nx)< 0.3 3.878-4.004 170 g - A - - -6
(90% C.L., E, . <&4.5 GeV); BR(D~ mx) < 0.13 (90% C.L., averaged over 4-005—4.082 Bso Ecm  (GeV i
charged and neéutral D components of the ¥“). MASTER 2.063-2.!!2.2 1700 Fig. 1. Crystal Ball measurement of R (1979
' .143-4,225 2100  data), showing the center-of-mass binning used
INTRODUCTION 4.226-4,300 1100 for the inclusive n analysis (light vertical
It is expected that the charmed-strange F-meson has a signifi- 2;2?2?33 Bgo Mnes). [Contributions from the 7 are exclu-
caat branching fraction to n's.? As early as 1977, the DASP collabo- -365-4, 1500  ded, but no radiative corrections have been
r-tion found a strong threshold in inclusive n production in e’e” m—__ made. The errors are statistical only.]
intetractions at E. o ~4.4 GeV, which they Interpreted as evidence for 1 e ‘;‘: 3/ ata sam
production of the F meson.3+* 1In this paper, we present a higher p-es a ¥, ¥ are 1) |cosBy.peam] < 0.85; 11) cosbyt < 0.9, where

statistics measurement of Inclusive n production as a function of considerably larger.
Ec.m. at similar energles using the Crystal Ball detector a: SPEAR.
No evidence for strong thresholda in n production is found.

8yt is the opening angle between the 'y and
any other track in the event; i11)Ey > 30 MeV
(irrevelant for myy in the n region, but can affect w® subtraction).
Optionally, the elimination of y’s which form 2 70 with another y

METHOD ("w° gubtraction'), and/or the elimination of y’s which do not exhib-
it a reasonable lateral shower distribution ("pattern cut") has been
The Crystal Ball detector has hecen described elsewhere,® so only used., For example, Fig. 2(a-m) shows the mass distributions
a summary of the relevant paramecters js presented here. This detec- after application of the above cuts, incluhng 7% subtraction but not
tor consists primarily cf a segmented avray of Nal{l¢} crystals for the pattern cut,

high-resolution (op/E~2.6%/IE(GeV))") measurement of electromagnetic
showers. The solid angle covevage is 94% of 4t steradians with the

main array, which is extended to 98% of 4n with crystals in the end- tion. Various checks have been made to estimate the semsitivity of
¢ap regions. The angular resolution f{or photons is 1—Z°, depending tbe number of n’s found to the width and mean of the peak and the
on energy. In additiom, there are spark and proportional chambers shape of the background assvmed in the fits., The background form
for charged partinle detection and tracking (no magretic field). used in the fits shown in Fig. 2(a-m) is a quadratic times m“'2'7.

Taeble 1 summarizes the data used in the present inclusive meas-
urement. The dats for E. = 3.878 to 4.500 GeV are divided into RESULTS
bins in E, . as motfvarad hy the structure in R (Fig. 1). The had-
ron selectlon efficiency fs estimated at (93: 5)%.

The number of n’s at each enerzy was extracted by performing
fits ro the Myy Mass plots for cthe n- yy decay. To be included in
the mass plors, photons had to satisfy the following corditions:

A fit is performed to each myy distribution assuming a Caursian
shape for the n peak, the width (0~ 4%) corresponding to our 1esolu-

Figure 3 shows i, the number of n's per hadronic event, as a
function of the center-of-mass energy. The error bars do not include
the estimated uncertainty in absolute normalization (-~ 25%). It
should be noted that an n signal is observed everywhere, including at
the off-resonance point below charm threshold (3.67 GeV).
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Fig. 2. Examples of the yy-mass distribution betw:en
320 and 800 MeV for the center-of-mase energies used.
The curves are fits to the data (dashed is background,
80lid 1s background plus n) as described in the text.
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Fig. 3. € the number of n's

0
per hadronic event, versus Eg p,
The first four points are (in

order) J/y, 3.67 GeV, ¢' and y".

Fig. 4. Rp, the cross section
for n production divided by the
QED point cross section, versus
Ec.m.? a) Crystal Ball experi-
ment (first two points ave 3.67
Gev and ¥}, b) DASP experiment.*

to obtain Rp. The DASP experi-
ment reported n signals only a-
4.17, 4.42, and possibly at
4.60 GeV, the 4.42 GeV polac
implying a strong jump im n
production. A number of multi-
plicity and energy cuts were
made in the DASP experiment,
but it appears difficult to
explain the discrepancy in
terms of these cuta, as we have
been unable to generate substan-
tial energy-dependence in the
3.9-4.5 GeV region with similar
cuts, It ahould be cautioned,
however, ttat the two detectors
are very different, and hence
it 1a impossible to mimic the
DASP experiment exactly.

Using the highest point,
at 4.18 GeV (Fig. 4(a)), we

In Figure 4{a) we plot the in-
clusive cross section for n
production in the foru of
Ry=g(ete” > nX) fa(ete™ » uty~ ).
Because Ry at the J/y and ¢'
resonance 1s large (off-scale),
the contributions from the rad-
iative tails of these resonan-
ces to the other points has
been subtracted (maximum cor-
rectivn= 0.08, at the y').
Figure 4{a) indicares rhat
the croes section for n produc-
tion does not vary much in the
region above charu threshold
from the 3.67 GeV value below
threshold. This may be contrae-
ted with Fig. 4(b), in which we
have divided the published DASP
cross sections® by o(ete™ytuT)
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may set an upper limit on the produc: of the cross section for FF
production (anluding excited F’6) times the branching ratio for F

decay to n:

R(ete™ + FFX) BR(F=+ nx) < 0.31 (90% C.L.).



In this limit, we rave corrected for the smaller n-detection effi-~
ciency in FF events, compared with non-charm cvents, as indicated
by Monte Carlo simulations.

Because we observe no {ncrease in n production at the ¢" reso-
nance, we may alsc set an upper limit on the inclusive branching
ratio for D decay into n's (averaged over the neutral and charged D
components of #''): BR(D~ nx) < 0.13 (90% C.L.). The DASP upper 1lim-
it is 0.02 (unstated C.L.)," based on the absence of an n signal at
4.03 GeV. Note, however, that we observe substantially more n’s in
the 4.03 GeV region than the DASP limit.

CONCLUSIONS

In a measurement of the inclusive cross section for ® produc-
tion as a function of center-of-mass energy with the Crystal Ball,
no substantial increase above charm threshold is observed. The im—
plications for the charmed D and F mesons may be summarized in the
limits:

BR(D+ nx) < 0.12 (80% C.L., averaged over neutral and
charged D components of ¢')

R(e¥e”» FFX) BR(F+nx) <0.3 (90% C.L., E_ . <4.5 GeV) .
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