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We present here some results of a mass anal-
sis of the secondary particles produc ed at 15.9'

to the circulating beam in an aluminum gtar et
bombarded by 25-Gev protons in the CERN proton
synchrotron.

The apparatus (Fig. 1) essentially was a mass
spectrometer where the momentum o pf a article
was determine xn e md the magnet M and its velocity
was measure yd b timing the particle between

1 and 3. The distance between 1 and 3counters an
of fli htwas 27 m, which corresponds to a time o ig

nter 3 was atof 90 nanoseconds for light. Counte
61 m from the target and subtended at the target
a solid ang e ol f 1 61X10 steradian. A time
sorter, prece e y zd d b zero-crossing circuits and
ated by the coincidence 123, was used to disp aygate y e co

the time difference between the pulsulses in counters
1 and 3 with the pulses in 1 suitably delayed.
The total time range displayed in the cthe 100 channels
of the time sorter was -15 nsec.

T ical spectra for positive and negative par-
ticles are shown in Fig. 2. The p pion eak (which
in fact con ainst ' a small contamination of muons
and electrons~ in xca es~

' d' tes that the time resolution
of the apparatus is about 0.9 nsec. gThe reater

'dth f the proton peak is caused by the spread
in flight times due to the finite momentum band
(&P/P -3%) accepted by the magnet.

The results obtained for negative particles
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(K,P) and for positive particles K,P, d shown
as percentages of the pion intensity, are given
in Figs. 3(a) and 3(b) as a function of momentum.
The momentum spectra of the positive and neg-
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FIG. 1. I ayou ot f the apparatus and simplified
block diagram of the circuits. FIG. 2. Typical delay spectra.
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(a) POSITIVE PARTICLES
ernI tted at 8« = 15.9'
and measured at Slm
from the target
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FIG. 3. Intensity of the dif-
ferent particles emitted at 15.9
and observed at 61 meters from
the target. (a) Intensity of deu-
terons, protons, and if Tnesons
relative to that of 7I+ mesons.
Deuteron intensity has been
measured both with an Al and
with a Pt target. (b) Intensity
of antiprotons and of & mesons
relative to that of ~ mesons.
(c) Intensity of deuterons rela-
tive to that of protons for the Al
and the Pt targets. The indi-
cated errors are statistical.
The intensity of the various par-
ticles relative to pions at the
target can be deduced from the
figures by correcting for pion
decay over the 61-m path. This
effect reduces the ratios by a
factor that varies from 1.8 for
p = 2 Gev/c to 1.25 for p = 5 Gev/c.

ative pions are shown in Fig. 4, in arbitrary
units. With -3 X10"protons/pulse in the cir-
culating beam, the flux of negative pions of 2

Gev/c recorded by our apparatus was -45 counts/
pulse. The target efficiency is not well known,
but it is thought to be of the order of 50%.' Fig-
ure 5 is a plot of the time of flight versus mo-
mentum for the observed peaks, together with
the curves calculated for pion, K-meson, proton,
and deuteron masses. It can be seen that all the
experimental points fall on the calculated curves.

A number of comments can be made on these
results.

(a) K mesons. The intensity of K mesons could
be determined at p = 2.08 Gev/c. Above this value
the resolution of our apparatus does not allow a
reliable separation of the K-meson peak from the
pion peak. Positive K mesons seem about twice
more abundant than the negative ones at 2 Gev/c.
Correcting for K-meson and pion decay over the
61-m path from the target to counter 3, one de-
duces that at the target K+/TT+ = 25 /o, for the mo-
mentum indicated.

(b) Antiprotons. The ratio of the antiprotons to
negative pions emerging from the 4-mg/cm' Al
target at 15.9' is 0.3% at 2 Gev/c and 1.1 /o at
4.7 Gev/c, as can be deduced from Fig. 3(b) by
correcting for the pion decay over the 61-m path.

By comparing the position of the proton and
antiproton peaks at 2.08 Gev/c we could compare
the time of flight of these particles and hence
their masses. Systematic errors in the timing
were looked for by comparing the positions of

the positive and negative pion peaks, observed
in the same runs. The drift over several hours
was -0.02 nsec. Our preliminary result is
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FIG. 4. Momentum spectrum of the pions (slightly
contaminated with muons and electrons) emitted at
15.9 from the Al target, and detected at 61 m from
it. The spectra at the target can be deduced by cor-
recting for pion decay over the 61-m path.

Mass p/Mass p = 1.008 + 0.005.

The quoted error is largely the statistical error
in the position of the P peak. The error in setting
the magnetic field was 1 part in 500.
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FIG. 5. Time of flight versus momentum for the
various particles. The curves are the delays relative
to light for a flight path of 27 m, calculated for pions,
K mesons, protons, and deuterons. The experimental
points are the average values of the measured delays.
The statistical errors are not indicated, as they are
smaller than the size of the circles.

(c) Deuterons. Our results indicate that in 25-
Gev proton-nucleus collisions a large number of
deuterons are produced with high momenta and
at large angles. We have observed deuterons
with transverse momenta up to 1.7 Gev/c.

The assignment of the observed peak to deu-
terons is justified on the following grounds:

(i) The experimental times of flight determined
from the "deuteron" peaks correspond to a mass
that agrees with the deuteron mass to about 1%
over the whole momentum range explored.

(ii) The possibility that the observed peak is
caused by a particles of twice the momentum
was ruled out by a pulse-height analysis that
showed that the particles were indeed singly
charged. No n particle was observed while
counting 480 deuterons at 3.30 Gev/c.

In an attempt to understand the deuteron pro-
duction further, we have recorded data also
using a platinum target [Figs. 3(a) and 3(c)].
Work with a beryllium target is in progress.
The deuterons observed with the Pt target at
p = 5.2 Gev/c are about 10'%%uo of the pions and 3%
of the protons of the same momentum.

The ratio of deuterons to protons is practically
independent of momentum both for the Al and the

Pt target, and is higher in Pt than in Al by a
factor -1.6 [see Fig. 3(c)].

The only information previous to this work on
deuteron production in high- energy collisions
came from emulsion work on cosmic-ray jets. '
There it was found that a considerable fraction
of the particles producing "gray tracks" are
deuterons (about 30%%uo up to an energy of. 50 Mev,
-15%%uq at 800 Mev integrating over all emission
angles and all primary energies in the collision).
The jet deuteron had been interpreted as a tail
of the evaporation process.

As far as we know, this is the first time that
deuterons have been observed in high-energy
collisions at energy above 800 Mev and with high
transverse momentum. It is felt that the fact
deserves further systematic investigation.

It seems improbable that the deuterons ob-
served in our experiment can be accounted for
by evaporation processes, as well as by "direct"
or "indirect" pickup processes. On the other
hand, the comparison between Al and Pt supports
the idea that the process is at least favored by
nuclear matter.

With the present sensitivity of the apparatus
no evidence for antideuterons could be obtained.

(d) Other long-lived particles. At present, we
have no evidence in our data for the existence of
particles with mass between that of the K meson
and proton, or of the proton and deuteron. Our
detection limit comes from the background,
which is about O. l'%%uo of the pion intensity and due
mostly to random coincidences.

This work is part of a program of survey and
study of the properties of the secondary beams
of the 25-Gev proton synchrotron, undertaken
by several groups at CERN.
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for their close cooperation with our group.
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