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BSTRACT

* * a4
The m, K, p, and e vyields at 2 and 3 deg from 16- and 18-GeV

‘electrons on a 0.3-radiation-length beryllium target have been meas-

ured at the Stanford two-mile electron accelerator,
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It was early réalizéd that one of the most intriguihg Questions
associated with the -creation of the 20-GeV Stanford two-mile electron
accelerator related to the possibility of copious production of strongly
interacting particles. In 1960, Drell calculated the arriplitudes for a
par‘%icular set of phot'on-induced peripheral processeé which produced
s‘érongly vintera‘cting particles. 1 These calculations were used to pre-.
dict yiglds that were large enough to be experimentally useful. ™~ This
letter largely confirms that prediction.

The Tri, K:t, pi, and e* yields ffom 16- and 18-GeV electrons
on-a .0.‘3-radiation—-length Be target ha;ve been measured at the Stanford
fwo—mile accelerator and Are reported here. The measurements were
carried out at production angles of 2 and 3 deg, and at various secondary
momenta between 4 and 14 GeV/e.

Figure 1(a) shows diagral.naticalliy the beam layéut. Electron
pulses, each approximately 1.5 psec long were delivered to a 10~ by
0.6- by 0.6-cm Be target, with a typicai current of 1 mA wi;chin each
pulse, giving about 1010 eiectrons per pulse. | The pulse repetition rate
was normally 180 per second. The primary beam-momentum spread
was <-i%. After traversing the target, the electron beam was stopp.ed
in a well-shielded, '\va,ter-lcooled beam dump. A quadrupole doublet
midway between target and detector in the secondary beam séryed to
focus particles of the desired momentum onto the detector array. A
1% momentum resolution was obtained by‘usé of a bending magnet,
which deflected the beam by 3 deg. The system accepted a solid angle
of ~ 10 psr. f‘igure 1(b) d.iagrams the detector array, which was

located 220 ft from the target.
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The acceptance of the counter telescope was determined by two
3/8-in. -diam'plastic scintillators S, and S5 near the beam’ focﬁs,
and a 3/4-in. scintillator S_1 that defined an angular aperture of ~ 7
mrad. C, and C, were respéctively threshold and differential gas
Cerenkov cells for mass identification. The pressure in C1 was
normally set below the threshold .for K's. The coincidence counts of
S,5,531 5,5,5;C, (or 5,5,5,C,C,) were recorded as a function of G,
pressure.” At 21l secondary momenta the fast _parficles (_Tr, n,e), K's,
and p's (or p' s) were weéll-separated in pressure. The scintillator Sy
was uISed to detect showers produced by eiectrons interacting in the
preceding lead. .The thickpess of this lead was experimentally adjusted
to be neaf the shower maximum for each momentum sltudied‘, and the
discriminator on Sy Qas set to reject single particles and accept only

electron showers. Finally, the scintillator Sg together with iron ab-

sorbers placed in front were used to measure the fraction of the

beam.

The absolute magnitude of the electron beam current was meas-
ured with calibrated toroids accu¥ate within £5%. The beam on target,
was monitored relatively by‘ measuring the net charge emitted {rom the
electrically insulated targ.et. This charge amounted to 2bout 1.2 elec-
trons per'primary Beam electron, due mainly to delta rays, Compton
electron emissiont, and positron ahnihilation.

All results obtained with the Be target are shown in Table I.v
A systematic correction for interactions and scattering losses in the
detector array -.vhi.ch depends on gas pressuré in Cy and CZ
on momentum has been applied to the data. This correction is typica

15%. To

[t

he statistical error we have added algebraiczlly an error of
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~ 2%, which reflecté nonstatistical fluctuations in the ratio of‘81528.3
to monitor current. This combined error is quofed in Table 1. Thé'
overall normalization of the data is believed to be Aaccu‘.‘rate to =1 5%.

The 2-deg yields ét 18 GeV primary energy are shown in Fig. 2.
Figure 3 éhows representative angular distributions at 1v8 GeV. The
0.5-deg and 1-deg data were taken from Boyarski et al, = It was neces-
sary to correct their data from 16-GeV to 18-GeV prirﬁary energy as
well as to correct for a different target length (0.6 radiation lengths).
Comparison with the 0-deg data of Barna et al, > is not shown, since
rather large and uncertain normalization factors would be needed to
convert théir 1.8-radiation-length data to 0.3 radiation lengths.

It is generally believed that production of strongly interacting
particles by an electron beam is a two-step process, with the electrons
forming real photons by bremsstrahlung,. followed by the interaction of
the photons with the target nuclei. The Drell mechanism provides a
quantitative estimate of the photon-nucleus interaction. However, once '
the strongly interacting particle is produced it may still undergo further
interactions in the target, or even within the same nucleus. This dif-

ficulty, as well as the complication of going through the intermediate

. step of bremsstrahlung production makes detailed comparison of the

yields with theoretical production models difficult. Nevertheless, the
following ’qualitative observations can be made:

1. The ratio of the yields of T to W [Fig. 2(a)] 1is unity for
all secondary momenta. Calculations of the combined yields of pions
from the Drell p‘rocess and .from p production, performed by Tsai and

el B . : v e . :
Whitis, - give order-of-magnitude agreement with the experimentally-
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observed m yields, .and, at pro_duction angles 2.2 deg, give a de~-
crease in yield with angle comparable to that seen in Fig. 3(a).

2. The K /K ratio | Fig. 2(b)] is greater than 1.3, which
would be expected from the Drell mechanism alone. 7 The order of
magnitude of the yields is consistent with such a rnecha.rﬁsm. Associ-
ated production of K’ witﬁ A or Z by photo;ls, ‘however, which coﬁld
produée a[n excess of K+ 6ver K-, has been.calculated ’fo be 2to 3
orders of magnitude lower. 8 The decrease of the cross section at
small angles predicted by an unmodiﬁedl(no final-state interaction)
Drell mechanism is no* séen in the K' or K- angular disfributions
(Fig. 3, Table I, and Ref. 5).

- 3. The large ratio of protons to antiprotons observed in Fig. 2(c)
indicates that quite different mechanisms are operative. Dr_ell has sug-
gested that photédisintegration of the Be nucleus with direct emission of
target protoné may be responsible for the large proton yield. 9 The pro-
ton angular distributions of Flg 3(c) are somewhat flatter than pre-
dicted for direct proton ejection.

A sea.'rch was also made at a secondary momentum of 12 GeV/c
for deuterons. The yield was found to be < 3% of that of the protons.

4. Large -.angie production éf e- and e+ (2 or 3 dég) can occuf

most simply by bremsstrahlung or pair production accompanied by a

results too small to account for the observations of Table I. Inelastic

R
Lzce,

scattering is probably dominant, and is difficult to calcu
5. The general trend of all yields-to fall.rapidly at high cec-
ondary momenta is, at least in part, a result of the smaller numbe:

bremsstrahlung photons capable of producing these secondaries.
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Table I. Particle yields in particles sr‘1 (GeV/c)—1 per 107 incident electrons on
a 0.3-radiation-length Be target. The errors reported here are the algebraic sums

of the statistical errors and nonstatistical fluctuations as described in the text, The ..

overall normalization of the data is believed to be accurate to =15%. All yields are
at the target, i.e.,they have been corrected for decay. The muon fraction was meas- ,.

ured at a few momenta and was found to be < 1% of the total yield. -

Prizhary Charge and Yield
electron Production secondary
energy angle . momentum Electron Pion Kaon Proton
(Ge V) (deg) (GeV/c)
18% 2 -4 - 2780%120 2520+150 114210
| -6 1280+ 80  2050%100 10311  7.1#1.3
- 8 970+ 60  1680% 80 49+ 5  5,1%1.0
-10 970+ 50 820+ 50  22,5%2.5 2,9%0.7
-12 930+ 40 280+ 30 8.3%0.9 1,2%0.4
-14 1060+ 40 - 74% 26 4.5£0,7
+ 4 . 440+ 40 2330100  230+30 26080
+ 6 98+ 12 21430 60  166x21  84%10
+ 8 1630+ 40 86+11 49+ 4
+10 | | 900% 20 56+ 3 23.241.7
+12¢ 3042 7 31+ 3 9,8%0.8
+14 | 76 2 414,6%1,5  3.5x0.6
182 3 -+ 6 ' 1480+ 60 103215  126+30
+10 | 186 8 355 3 15.1%1.8
12 64+ 3 14,2#1,7  8.0%0.9
. J42 164 5 52& 3 4.320.5 0.26%0.07
167 3 440 . 448= 6 26& 3 10.7%1.7
2 R 35.244.6  10.7#1.2  3.2%0.3 *
-10 - 252 12 156+ 44 10.7#1.2  1.120.2 o
-12 299 9 37+ 4 2.820.4 0.47x0,10.  ~

RS

a. 17.85%0.15 GeV.
b. 16.0+0.08 GeV.

c. Deuterons here were found to be less than 3% of the protons.
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FIGURE LEGENDS

(a) Beam configuration {not to scale). The target is 0.3
radiation lengths of Be.

(b) Counter array (not to scale). Sy SZ’ ‘53,” S, and Sg are’
plastic scintillatqrs; Ci and CZ are respectivelyv threshold
and differential Cerenkov detectors. |

Experimental yiélds of (a) .ﬁi,l' (b) Ki, (c) pi; and (d) ei for a

2-deg productiOn angle and 18-GeV pi'imary energy. All yields

. . . -1 -1 .. .
. are-in units of particles sr = (GeV/c) 1 per incident electron on

a 0.3-radiat"ion-1ength Be target. Errors shown on the graphs
are the algebraic sums of the statistical errors and non-
statistical fluctuations as described 'in the text. The overall
normalization of the data is believed to be accurate to ‘115%.

The error bars on the il data have been suppressed for clarity;
they r‘a‘nge from 2 to 4% (see Table I). The continuous curves in
(a) an& (b) are, respectively, the combined pion yields from the

Drell process and from p production, and the K yields from

the Drell process, as calculated in Ref. 6.

Fig. 3.

Representative angular distributions at 18-GeV primary energy
4 + + + 5. ‘s . . )
for (a) m, (b) K', and (c) protons. The T distribution contains
. - ) 4 . ) .
the adjusted data of Boyarski et al. = (see text). The units of the
yields, and the significance of the error bars are given in Fig. 2.
The overall normalization of the data is believed to be accurate

to =1 5%. 
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mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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