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ABSTRACT
We have measured incluéive v and 7 production in multiprong events
produced by e+e— annihilation in the center-of-mass energy range 4.9 to
7.4 GeV. We find the 7° inclusive cross section to be consistent in shape
and normalization with half the charged 7 cross section between x = 0.15

and 0.60 with an integrated inclusive cross section ratio of

a(r®)/ (U(ﬂ+) + o(w")] = 0.47 + 0.10.
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This letter reports for the first time inclusive vy and ™ spectra in
e+e— annihilation at high energy. Previous analyses of charged particle
ihclusiVe spectra at high energy in e+e_ annihilation have indicated that
only approximately 507 of the produced energy goes into charged particles.1
By directly measuring inclusive y and 7° production, it is possible to com-.
pare the energy going into 7° production with that going into charged pions.
It is found that the 7° cross section is consistent with half the charged
m cross section for 7 momenta between approximately 0.5 and 2.0 GeV/c.

The data were collected with the SLAC-LBL Magnetic Detector at SPEAR.2

y's are detected using a system of lead-glass counters (referred to as the

LGW) which replaces one octant of the magnet return yoke and covers a solid

3,4

angle of approximately 0.053 x 47 sr. Briefly, the LGW consists of two
arrays of lead-glass blocks (a 2 x 26 array of 10 x 90 cm blocks 3.3 radi-
ation lengths thick, and a 14 x 19 array of 15 x 15 cm blocks 10.5 radi-
ation lengths thick) and three planes of magnetostrictive spark chambers
outside the 1 radiation length aluminum coil. +y's are identified by cor-
related energy deposits in the lead-glass blocks and tracks in the spark
chambers which are not associated with charged particles detected in the
central detector. vy's which convert in the coil (as identified by tracks
in the two spark chamber planes situated between the coil and the inner
plane of lead-glass blocks) are corrected for the average energy loss
(approximately 50 MeV). n° identification is accomplished by combining
pairs of y's in the iGW. A background subtraction is made to statistically
extract the 7° peak. The LGW was initially calibrated using Bhabha events.

The y calibration was checked (and found to be correct within uncertain-

ties) by using y's from the reaction e+e_ -+ vy (for high energy y's) and
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by checking the reconstructed 7° mass (for lower energy y's). The vy energy
resolution is AE/E = 0.09/E1/2 (E in GeV), and the angular resolution is

A6 = Qu5°.

For charged particles, the analysis techniques are similar to those
described previously.S. The central detector. consists of four layers of
cylindrical spark chambers covering a solid angle of approximately
0.60 x 41 sr, and provides a momentum resolution of Ap/p =~ 0.013p (p in
GeV/c). Charged particle identification is based mainly on time-of-flight
measurements over a 1.5 - 2.0 m flight path using a Gaussian time distri-
bution with a 0.35 ns standard deviation. u/K/p separation is clean
to approximately 0.9 GeV/c in momentum.

.This analysis is based on a sample of approximately 50,000 multiprong
events (events with three or more prongs) in the center-of-mass energy
(Ec.m.) range from 4.9 to 7.4 GeV. It represents a total luminosity of
7.5 pb_l. Two prong events are eliminated from the anal?sis because of
the large contamination from QED processes and beam-gas interactions. In
the analysis, residual contamination from beam-gas interactions (v3% of
the sample) is statistically subtracted based on the event vertex distri-
bution along the beam directiom.

In Fig. 1(a) is shown the inclusive y cross section, s do/dx, as a
function of the scaling variable x = ZP/Ec.m.' It is shown for three
different Ec.m. regions, 4.9 - 6.0 GeV, 6.0 - 6.9 GeV, and 6.9 - 7.4 GeV,
clearly showing scaling behavior. Corrections for geometrié acceptance
and trigger efficiency are included and are based on a two-component Monte

Carlo which includes hadronic events (produced with limited transverse

momentum about the jet axis) and e+e_ > T+T_ events.6 Also included are
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corrections for initial-state radiation. The error bars shown reflect
only the statistical errors with the exception of the lowest two points
at eachw~energy for which an additional error has been included to account
for the increased difficulty in calculating the acceptance for low energy
v's. An overall systematic error (not included in the error baps) of
approximately #207% is roughly independent of x and mostly cancels when
different distributions are compared. Figure 1(b) shows the inclusive

cross section for the entire EC o region (4.9 - 7.4 GeV).

To examine 7° production, all events with two or more y's in the LGW
are considered. A minimum momentum cut of 100 MeV/c is made on each y to
eliminate background. All invariant mass combinations of two y's are con-
structed. In order to subtract the background under the 7° ﬁeak, the data
is partitioned according to the measured y-pair momentum. An estimate of
the background is made by combining Yy pairs where each vy is from a dif-
ferent event and normalizing this distribution to the data in a mass inter-
val well above the 7° mass. By comparing these two samples of events, the
background as a function of momentum and invariant mass is determined.

In Fig. 2 is shown the invariant mass distribution for all vy pairs
with total momentum greater than 600 MeV/c. The curve is the estimated
background. The background is fairly small in this momentum range, but
gets progressively worse at lower momenta. It is impossible to separate
7°'s with momenta less than approximately 400 MeV/c from the background.

Figure 3 shows the inclusive w° cross section, s do/dx, as a function
of x, corrected for geometric acceptance, trigger efficiency, and initial-

state radiation. 1In addition to the statistical error, each data point

contains a systematic error (ranging from +20% for the lowest x point to
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*£10% for the highest x point) added in quadrature, which reflects the
uncertainty in the background subtraction. The curve is half the inclusive
charge? 7 cross section.7 The shaded region between the dashed curves
represents the estimated *20% systematic error in the relative normalizations
of the inclusive'vri and 7° cross sections. Within errors, the two cross
sections agree over the range of measurement. If these two inclusive cross
sections are integrated over the region x = 0.15 to x = 0.60, the relative

© to nt production is o (n°)/ O(ﬂ+) + c(n—)] = 0.47 * 0.10 where the *20%
systematic error is included in the relative normalizations.

It is of interest to determine whether the observed w° production can
account for the observed Y production. Due to the large errors and limited
X range in the 7° production cross section, we have taken haif the charged
cross section shown in Fig. 3, and assumed equal m° production. From this,
a y spectrum can be obtained which is shown as the solid curve in Fig.
1(b). Again the shaded region represents the uncertainty in the relative

normalizations. The observed y cross section is consistently higher than

1

. )
that attributed to no's, where o(w ) = 5

P(w+) + c(w_i]. However, this
excess may not be significant when account is taken of the systematic
errors. If this excess is real, it could be explained by no production
on the order of half the n° production.E3 Unfortunately, the small solid
angle of the LGW does not permit direct observation of n°'s.

In conclusion, there is no evidence that ° production is signifi-
cantly different froﬁ ﬂ+ or m production. There may be some excess pro-
duction of y's over what is predicted from the measured n° production
cross section.
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The relative insensitivity of the acceptance and trigger efficiency
to major changes in the Monte Carlo gives confidence in these correc-
tions. The major uncertainty arises from the correction for events
with zero or two produced prongs which are not in the d;ta sample.
This measurement is similar to previous measurements of the inclusive
charged particle spectrum (see G. G. Hanson, SLAC-PUB-2118, to be

published in Proc. of the 13th Rencontre de Moriond on High Energy

Leptonic Interactions and High Energy Hadronic Interactions, 1978).

The major change involves elimination of tracks which are not pions.
K's and p's are eliminated by time-of-flight separation. (At higher
momentum, the separation is based on extrapolation from the lower
momentum data.) Muon and electron contamination (on the order of a
few percent) is corrected for in the Monte Carlo acceptance calcula-
tion.

One of us (D.L.é.) has addressed the question of whether all of the
center-of-mass energy can be accounted for by extrapolation of the
observed inclusive particle cross sections to low momentum. This

extrapolation was done using a jet model Monte Carlo which includes
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effects due to the rest masses of heavy particles (kaons and nucleons),
missing neutral kaons, neutrinos from T and charmed particle decays,
and we have made the additional, untested assumption that there is no
production on the order of 50% or more of the w° production. With

these assumptions, this model can account for both the charged and

neutral inclusive cross sections with no unaccounted for energy.
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FIGURE CAPTIONS
(a) Inclusive Y cross sections, s da/dx, as functions of x for the ; o
Eg‘ regions 4.9 - 6.0 GeV, 6.0 - 6.9 GeV, and 6.9 - 7.4 GeV.

(b) Inclusive Yy cross section for the entire Ec.m‘ range. Curve
represents the predicted cross section based on the assumptions that
the 1° cross section is half the observed charged 7 cross section and
1°'s are the sole source of Y's. Shaded region represents the esti-
mated systematic error in the relative normalizations.

Invariant mass distribution for y pairs with total momentum greater
than 600 MeV/c. Background curve results from combinations taking
Y's from different events.

Inclusive 1° cross section as a function of x. Curve i;'half the

inclusive charged 7 cross section. Shaded region represents the

uncertainty ‘in the relative normalizations.



10.0

I | T I T !
= €6.9 S E <7468V L = _
- ©6.0 € Eg < 6.9GeV [ 3
- : x4.9 < Ec.m.< 6.0GeV [ ]
- ¢ L _
L 2k (a) L (b) -
- Yid : ]
: vt h L ]
"
E 1 | 1 N i
0 0.2 0.4 06 O 0.2 0.4 0.6

X 34158¢

Fig. 1



Combinations/0.01 GeV

150 |- | _

100 |- - ]

50 —

O O.1 0.2 0.3 0.4

3415A5
XBL 787-1383

Fig. 2



[

7L
\\\;
A -
i
l [ AN I I
- S
(ar0-ar) 225

0.6

0.4

0.2

J415A2

6 —78

Fig. 3



