
1 

Submitted to Physical Review Letters 

LBL-7966 c. ~ 
s.LAC~PllB'!"2165 
Pr-eorint 

INCLUSIVE Y AND rro PRODUCTION IN e+e- ANNIHILATION 

D. L. Scharre, A. Fong, T. P. Pun, A. BarbarO-Galtieri, J. M. Dorfan, 
R. Ely, G. J. Feldman, J. M. Feller, B. Gobbi, G. Hanson, J. A. Jaros, 

B. P. Kwan, P. Lecomte, A. M. Litke, D. Luke, R. J. Madaras, 
J. F. Martin, D. H. Miller, S. 1. Parker, M. L. Perl, I. Peruzzi, 
M. Piccolo, P. A. Rapidis, M. T. Ronan, R. R. Rose, T. G. Trippe, 

. V. Vuillemin, and D. E. Yount 

July 1978 

RECEfVED 
lAWRENCE 

BEv\{flE" :'ABORATORY 

OCT ~ 1978 

LIBRARY AND 
DOCUMENTS SECTION 

Prepared for the U.S. Department of Energy 
~ Contract W-7405-ENG1~{;i8 

I 
\ 

TWO-WEEK LOAN COpy 

This is a Library Circulating Copy 
which may be borr"wed for two weeks. 
For a personal retention copy, call 

Tech. Info. Dioision, Ext. ~782 ____ ===~/, 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain COlTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any walTanty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



iii 

INCLUSIVE y AND ~o PRODUCTION IN e+e- ANNIHlLATION* 

SLAC-PUB-2165 
LBL-7966 
July 1978 
(T/E) 

D. L. Scharre, A. Fong, T. P. Pun, A. Barbaro-Galtieri, J. M •. Dorfan, 

R. Ely, G. J. Feldman, J. M. Feller, B. Gobbi, G. Hanson, J. A. Jaros, 

B. P. Kwan, P. Lecomtet , A. M. Litke, D. Luke, R. J. Madaras, 
tt J. F. Martin, D. H. Miller, S. I. Parker, M. L. Perl, I. Peruzzi , 

M. Piccolott , P. A. Rapidis, M. T. Ronan, R. R. Ross, T. G. Trippe, 

V. Vuillemin, and D. E. Yount 

Stanford Linear Accelerator Center and Department of Physics 
Stanford University, Stanford, California 94305 

and 

Lawrence Berkeley Laboratory and Department of Physics 
University of California, Berkeley, California 94720 

and 

Department of Physics and Astronomy 
Northwestern University, Evanston, Illinois 60201 

and 

Department of Physics and Astronomy 
University of Hawaii, Honolulu, Hawaii 96822 

ABSTRACT 

We have measured inclusive y and ~o 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 ~o inclusive cross section to be consistent in shape 

and normalization with half the charged ~ cross section between x 0.15 

and 0.60 with an integrated inclusive cross section ratio of 

a(~o)/ I(a(~+) + a(~-)I = 0.47 ± 0.10. 
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This letter reports for the first time inclusive y and ~o spectra in 

e+e- annihilation at high energy. Previous analyses of charged particle 

inclusive spectra at high energy in e+e- annihilation have indicated that 

1 only approximately 50% of the produced energy goes into charged particles. 

By directly measuring inclusive y and ~o production, it is possible to com

pare the energy going into ~o production with that going into charged pions. 

It is found that the ~o cross section is consistent with half the charged 

~ cross section for ~ 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 

angle of approximately 0.053 x 4~ sr. 3,4 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. y'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). ~o identification is accomplished by combining 

pairs of y's in the LGW. A background subtraction is made to statistically 

extract the ~o 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 ~ yy (for high energy y'a) and--~ 
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by checking the reconstructed ~ mass (for lower energy y's). The y energy 

resolution is ~E/E ~ 0.09/E~ (E in GeV) , and the angular resolution is 

M ~ 0.50
• 

For charged particles, the analysis techniques are similar to those 

described previously.5 The central detector consists of four layers of 

cylindrical spark chambers covering a solid angle of approximately 

0.60 x 4~ sr, and provides a momentum resolution of ~p/p ~ O.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. ~/K/p separation is fairly clean 

to approximately 1.1 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 

(E ) range from 4.9 to 7.4 GeV. c.m. It represents a total luminosity of 

-1 7.5 pb Two prong events are eliminated from the analysis because of 

the large contamination from QED processes and beam-gas interactions. In 

the analysis, residual contamination from beam-gas interactions (~3% of 

the sample) is statistically subtracted based on the event vertex distri-

but ion along the beam direction. 

In Fig. l{a) is shown the inclusive y cross section, s do/dx, as a 

function of the scaling variable x = 2p/E . It is shown for three c.m. 

different E regions, 4.9 - 6.0 GeV, 6.0 - 6.9 GeV, and 6.9 - 7.4 GeV, c.m. 

clearly showing scaling behavior. Corrections for geometric acceptance 

and trigger efficiency are included and are based on a two-component Monte 

Carlo which includes hadronic events (produced with limited transverse 

+ - + - 6 momentum about the jet axis) and e e + T T events. 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 each energy for which an additional error has been included to account· 

for the increased difficulty in calculating the acceptance for low energy 

y's. An overall systematic error (not included in the error bars) of 

approximately ±20% is roughly independent of x and mostly cancels when 

different distributions are compared. 'Figure l(b) sh~s the inclusive 

cross section for the entire E region (4.9 - 7.4 GeV). c.m. 

To examine ~o 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 ~o peak, the data 

is partitioned according to the measured y-pair momentum. An estimate of 

the background is made by combining y pairs where each y is from a dif-

ferent event and normalizing this distribution to the data in a mass inter-

val well above the ~o 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 y 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 

~o's with momenta less than approximately 400 MeV/c from the background. 

Figure 3 shows the inclusive ~o cross section, s da/dx, as a function 

of x, corrected for geometric acceptance, trigger efficiency, and initial-

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

contains a systematic error {ranging from ±20% for the lowest x point to 

.- 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 

charged ~ cross section. 7 The shaded region between the dashed curves 

represent~ the estimated ±20% systematic error in the relative normalizations 

of the inclusive ~± and ~o 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 ~ productl.on is C1(~ )/ C1(~ + C1(~) = 0.47 ± 0.10 where the ±20% o ± • 0 'I +) - ] 

systematic error is included in the relative normalizations. 

It is of interest to determine whether the observed ~o production can 

account for the observed Y production. Due to the large errors and limited 

x range in the ~o production cross section, we have taken half the charged 

cross section shown in Fig. 3, and assumed equal ~o production. From this, 

a predicted y spectrum can be obtained which is shown as the solid curve 

in Fig. l(b).· Again the shaded region represents the uncertainty in the 

relative normalizations. The observed y cross section is consistently 

higher than that predicted from the charged pions. However, this excess 

is not significant when account is taken of the systematic errors. 

In conclusion, there is no evidence that ~o production is significantly 

, + -different from ~ or ~ production. There may be some excess production 

of y's over what is predicted from the measured ~o production cross section. 

This work was supported primarily by the Department of Energy. Support 

for individuals came from the listed institutions plus the Deutsche 

Forschungsgemeinschaft (D.L.). the Laboratori Nazionali di Frascati dell' 

INFN (1. P. and M.P.). and the Swiss National SciE!Oce Foundation (V • V.) • 
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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 data 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. 



-7-

FIGURE CAPTIONS 

1. (a) Inclusive y cross sections, s da/dx, as functions of x for the 

2. 

3. 

E regions 4.9 - 6.0 GeV, 6.0 - 6.9 GeV, and 6.9 - 7.4 GeV. c.m. 

(b) Inclusive y cross section for the entire E range. Curve c.m. 

represents the predicted cross section based on the assumption that 

the nO cross section is half the observed charged n cross section. 

Shaded region represents the estimated systematic error in the rela-

tive 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 nO cross section as a function of x. Curve is half the 

inclusive charged n cross section. Shaded region\represents the 

uncertainty in the relative normalizations. 
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