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I INTRODUCTION

As a first experiment for the slow extracted proton beam (eg) from: -
the C.P.S. it was decided to measure, at 25 mrad laboratory production angle,

4
the momentum spectra of p, P, W , K7 and d produced by 19.4 GeV/e protons

interacting in hydrogen.

' The experimental results described in this note were obtained
between October 1965 and February 1966 during three 5~day periods of test
runhing of the ez beain ; ‘For most of this time only 1 pulse in 10 of the
C.P.S. was available for extraction, Much of the data was obtained,however,
during Health Physics surveys of the ez beam when, for rather brief periods,
all pulses:ﬁéfe‘giveﬁ ‘to‘extraction° We are very grateful to J. Freeman
.(M.P;S.) and the Hééithaﬁhysics group for the use of the beam during these
periods. . | o - '

The magnetic, spectrometer and aséoéiafed defeétors used ih the
experiment were finally well adjusted and ready to. take definitive data only
towards the end of the 3 test weeks. Unfortunately, owing to a magor break~
down -of the accelerator and the subsequent re—arrangcment of the experlmental
schedule and beam layout, the experiment was dismantled before it had run

well for any reasonable amount of time. The experiment as it was conceived,
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e refined survey of secondary particle production in p=-p collision near
the forward direction, will not now be finished at CERN for more than a year,
if ever. It 1s for this reason that the present prellmlnary'rusults are

presented in thls note.

The experimental method was based on a spectrometer that combincd
a high resolution momentum analysis with a high resolution veloclty measure-
ment. Momentum analysis was performed uéing standard dipole and quadrupole
magnets. Very accurate velocity neasurements were made, using a DISCG dif-
ferential gas Cerenkov counter ( =§ >5 10"%). Two threshold gas Cerenkov
counters were used in 01rcumstances when the high velocity resolution of the
DISC was not needed. They were also included in the coincidence signature
to provide additional rejectlon power in conditions of the worst background.

.

EXPERIMENTAL LAYOUT

The experimental-layout is shown in Fig. 1. The slow ejected
proton beam1) (e2 beam) in the Bast Hall of the CERN proton synchrotron
installation bombarded a liquid hydrogen target, 10 cm long. The incident
proton momentum was 19.40_GeV/QW The particles produced at a lab angle of
25 mrad were momentum analysed, using a ﬁggggtic spectrometer and velocity

analysed by mecans of two threshold gas Cerenkov countersz) and a high

. resolution differential gas Cerenkov counter (DISC)3) .

The magnttlc spectrometer was built up from standard elements and

consisted of a guadrupole doublet Q1 02, a dlsptr51vo clement composed of

four 2 m bending magnets in series’ M1, Mz, i and M, , and a further
quadrupole doublet Qs , Qs . The spectrometer was designed in such a way
as to give an image of the target both horizontally and vertically (point-
parallel—?oint focusing), with horizontal and vertical magnifications of
0.80 and 0,62, respectively. On the image plane, which made an angle of

about 3° with respect to the beam axis, the five scintillation counters By ,

"Bz, Bs,Bs and Bs were placed, displaced from cach other, normal to the

beam, by 10 mm. The solid angle accepted by the system was.determined by
the circular collimator CA . It was calculated to be 16,2 x 1078 sterad .

The bending angle produced by the four elements in serics was 200 mrad.
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- The: progected momentun -dispersion at: the:image plane was calculated to be
Sl 3 .em for p = 1.% . The momentum calibration.of the spectrometer was

- madésto a precision of;0.196,gbyuthe,floeting-wire;method. The. beam was

transported in vacuum through the: whole: system,  except inside the bending

- magnets where a helium-filled:bag.was used.- The five,scintillation.countersw
Ay y Az 3 Asy Ay and As.cwere. placed 5 m upstream of the counters B, each
.one covering the solid angle- accepted by the corresponding B counter. The
two~fold- coineidence: AyB. - provided- five independent channels. for momentum
‘analysis. :.Counters A were 2.5 cm wide and 7.5 cm high and. counters B were

"~ 048 em wide and . .2 cm high.

For ve1001ty selectlon, two threshold Cerenkov counters ) C1 and

Cz, and a hlgh resolutlon differential Cerenkov counter DISC3), des-

crlbed '1n the ncxt sectlon, werd used. The ges ‘used for filling the counters

Cq “and G was ‘Sither hydrogen or ethylene ‘depending ‘on the kind-of particles
to“be:deteoted. The loglc "of “the “6ledtronics was designed in'sueh: a'way that

it was possible to use €4 and Cz either as coincidence or &8 vetorsounters,

The hydrogen target ); was. 10 cm long, 4 cm dlamder and had -stain-

gless steel Wlndows of 0.0z.mm thlckness.. The target was remotely controllod

:and was. fllled automatlcally.: The vacuum box that contalned the target ex-

tended about 8 m downstream and 2 i} upstream, so that 1ts Wlndows Were not
seen by the spectrometer. In51de the vaouun box a fluorescent screen,

v¥iéwed by a closed’ circuit TV systen, could be dropped into.the ejected beam

. Porionitoring its. position and focusing. .. & second screen:was placed just

i ahgad of the bean stoppér.at the eénd.of the incident beam,: 52 m downstrean

from the target. -~ At the target the spot-size was. 0.3 cm wide and O, 5 le3a)

high, the beam divergence was 1 mrad horizontally, 0.5 mrad vertically, maklng
the beam at the beam stopper about 5 cm wide and 2 om high. The second screen
was always in place during the rurs, thus meking a continuous obgervation of\

the beam position possible, while the screen in front of "the target"wes norm-

Phe splll tlme

ally out, and 1nsertod only durlng adJustments of the hoam

wes usually about 100 msec and o' appreclable R. b.'structure was present.

The relative intensity of the incident beam was,continuously

- -monitored.by neans of a telescope of three sclntlllatlon counters in coinci~

dence, facing the target at an angle of 830
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The ebsolute intensity of the beam was measured by setting the

nmagnets at the value corresponding to the momentum of the elastically scat-

 tered protons without exciting the quadrupdleso Using the squarec collimater

CB in front of the first magnot, the acccpted solid angle (0.15°¢ 10™¢ sterad)
was determined horizontally by the width of the slit collimator CB and
vertically by the height of the B counters. With such a small solid angle,
there was no counting rate loss in the clectronics and from the known aif-
ferential cross section for proton~ proton scattering at the present energys)
the intensity of the beam was evaluated and an absolﬁte célibration of the
telescope monitor was made. The intensity of the ejected beam was about

3+ 40! protons burst when the intensity of the internal beam of the proton
synchrotron was 7 ° 101t protons/burst, which implies an ejection gfficiency
of about 4O% .

An example of the normal operation of the beam (collimator CB re-
noved, quadrupoles excited) is given, for instance, by the spectrum shown
in Fig. 10. The proton = proton clastic scattering peak is secn at the upper

end of the momentum soale.

The overall momentum resolution was found to be about * 4O MeV/c
(éﬁ -+ 2+10™3) and the dispersion cbtained from the comparison of the
cggnting rates in the five AiBi"channels agreed well with the calculated
value. The system of the five charmels allowed the detection of changes of

momentum of the primary beam as small as ~ 10 MeV/c.

During the rumning time a check of the position of the proton
elastic peak was often made in order to detect shifts in the momentum or
position of the incident beam. The observed shifts were never larger, in
a period of a few days, than those produced by a change of momentum of
~ 30 MeV/c.

VELOCTITY ANALYSIS

The DISC-Couhter

_ DISC counters have been described elsewhere3). Paraneters and
properties that are cssential to the present experiment will be briefly

discussed here.

" The actual gas DISC counter was a 2 m long differatial Cerenkov



in which optical and chromatic aberrations were corrected by an axiconic lens
doublet. Cerenkov light was focused on an adjustable annular diaphragm. The
value of the Cerenkov angle © was L) mr. Charged particles of a given
velocity B in the range 0.995 to 4 were detected when the refractive
index was properly adjusted by varying the gas (CO: in this case) pressure
to satisfy the Cerenkov relation c¢o0s® = 1/nf . n was measured and continuous-
ly controlled by electronic fringe counting in a permanently linked Rayleigh
refractometer with a laser as a light source. Particle direction had to be
inside a cone Ao about the counter axis. Aa was fixed by the iris dia-
phragn aperture as well as the velocity band with A8 (Aa x 0.0 ~ AB ).
The diameter of full efficiency of the counter was 10 cm, and was limited

by two scintillating counters to this value.

High velocity resolution (AB/B > 5° 10"% ) and self-collimation
‘contributed to the very high intrinsic background rejection of the DISC, as

{1lustrated in Fig. 2.

The experimental set-up (Fig. 1) provided a focus in the middle
of the two pairs of quadrupoles Qs , Q4 and Q5,6 » Such an arrangement
reduced the problen of tracking these two pairs of gquadrupoles for reparal-
lelizing the beam in the DISC. In fact no time was devoted to the experi-
mental setting of current in Qs , Q¢ and calculated values were used. Not
“all the particles counted in counters A and B could be detected in the
\ ' DISC or in the defining counter # 1 and ¥ 2 , although DISC efficiency was
nearly 100% except when a pulse was required in coincidence from each of
the nine photomultipliers viewing the diaphragnm,for very tight collimation
ana'background conditions. :It dropped then tobsomewhere in the range 50%
'tb'82,59§ and this reflected the rough match between the spectrometer and
DISC. Overall efficicncies will be reported further for the different
cases.,
The DISC high velocity resolution made possiﬁle a clear identifii
cation of the various long-lived charged particles ut s Wi, Ki, pﬁ5 di,
(7> 107% 5) +that could be produced by high energy proton collisions when
the velocity measurement was made concurrently even with a moderately

accurate momentum analysis. As a matber of fact, since
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for particles with a known mass, the factor yz givesa strong
dependence on mass and energy of the monentum resolution through velocity
neasurcment. For 19 GeV/e deuterons, y® is 10° and for 17 GeV/c pions
it is 1.6+ 10* . So with AB/B ~107% , (Ap/Plyigg VYOS 10~ for 19 GeV/e
deuterons and 0,16 for 17 GeV/c pions. Experimental results showed that
the deutoron spectrum can already be measured with the DISC by itself and
that it had to be supplemented with the momentum counters for the pion

spectrum,.

The velocity calibration of DISC counters had the property of
being absolute, as a result of the design of the optics. The velocity was
directly related to the refractive index of the gas. Refractometry by

interference and electronic fringe counting was used.

The relation between velocity and the number of fringes was unigue.
Tt did not depend on the wavelength of the monochromatic light used in the
refractoneter (in our casc, the red line of a He~Ne gas laser). This was a

consequence of the achromatisation of the DISC eounter which had the effect

of improving the velocity resolution by more than one order of magnitude and
of providing an absolute ealibration free from crrors, like temperature (

fluctuations, impurity of the gas.

The relation giving N, the number ofvfringes versus (1-5), had
been calculated by least square f£it to ray-tracing through the useful volume
of the counter, for various wave lengths, various positions of the mirror

and the axicon.

This relation was for COz
N = 6046,43 + 5984300 (1-p) + 40744000 (1-p)° (1)

Tt was of the utmost importance to verify if such a relation de-~

rived from the optical properties of C0® and the measurement of the
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nechanical paremeters of the optical clements gave consistent values with
the velocity of particles calculated from their masses and the magnetic

properties of the spectrometer.

It was also necessary to relate the numbers of fringes expected
for any particle at any momentum with the momentum scale defined experimentaliy
by wire measurcments in order to elininate possible systematic errors. This

feature was important for the association of two high precision measurements

 (momentum and velocity),as it mppened in the present case.

The check of this relation was made as follows. Different
paitioles w+, K+, p at momenta defined by the magnetic spectrometer were
sent through the DISC. Counting rate versus fringes countswas plotted to
get a velocity curve for a given particle at a given momentum, chosen in
the region of interest for the experinent(sece Fig,2).The deuteron region was

simulated by protons of nearly half the momentunm.

The error between the number of fringes observed, and the number

calculated from the relation (1) is plotted in Fig. 3.

We found.nb systematic effect from the use of different kinds of
particles for the check of the calibration. The residual error is
N = 16.5 il1é.5 fringes. This error includes contributions from the
nagnetic measurement and systematic effects from transients in gas pressurc

as ho time was devoted to wailt for stabilizatior of the gas. If the gas was

cllowed to. stabilize. for % minutes, the error was reduced to 3.5 % 16.5
fringes. The agreenent between the theoretical relation (1)
and the experimental results is particularly remarkable in view of

the complete independence of the two methods.

This gave us confidence that the momentum scale and velocity
scale were very well matched and excluded efficiency fluctuations of the
conplete set-up. This verification proved also that our velocity scale

wms.absolute with an error not execeeding * 2.75° 10~% in g .
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Experimental procédure

For the measurement of a spectrum.data taking'was going along

the following procedure,

The. momentum accepted by the spectrometer was varied in steps

with theuveldcityci’the DISC'eounter adjusted according to the relation (1),

The diaphragm opening was adjusted for a reasonable compromise be-
tween a wide acceptance in 8 B and in angular divergence Oa of the bean,

and on the other side a good rejection of unwanted background.

In any case the width of the acceptance in & was much more than
nceded to insurc constant efficiency even in case of a possible error in

tracking.

Our settings were : PARTICLE DIAPHRAGM - WIDTH IN FRINGES 'AAS

T 100 850 + 1,410"%
xt 6 360 + 0,610™4
D 100 1120 + 4,9107%

The ch01ce of the openlng of the dlaphragm of the DISC was nade

. from prev1ous knowledgb of the purformanco of this instrument and was not

optimized to this partloular experiment., The difforent values of dlaphragm

_.openings is reflected in ths variable overall efficiency found for the

3

spectrometer for ulfferent partlcles.

Electronics

The electronics assoeiated with the DISC was of the tjpe designed
specifically for the application to high counting rates and low light levels,
Enphasis had been put on the ease with which complicated logic can be in-
stalled and tested at any point. The small size of the units hés:enabled
us to move our barrack during the course of the experimehf withoﬁt.losing

adjustment as the fast clectronics fitted in a single rack.




From the DISC we extracted nine signals which were put simultan-

eously in parallel in groups of 3 and in groups of 2,

Coincidences were made as follows 3 x 3 called triple
' L x 1 simple quadruples
L x 1 and L4 x 2 guadruples V
8 x 1 octﬁples.

Bach of these coincidences were also brought into coincidence

with the defining counters D¢~ and D2 .

Altogether 10 different combinations of coincidences were available
at any time. Between these combinations the rejection and the counting ef-

ficiency varied - fig. 2 -, but no loss of information resulted from this.

The comparison of the different counting rate enabled us to check
the experiment during its course, and to estimate possible background con-
tribution. This follows from the fact that the ratio of efficiency between
Triples = Quadruples - Octouples must remain constant and eqﬁal to its peak
value (as measured on clean partlcles as. for exanple dxffracted protons)
throughout the complete spectrum., 001n01denoes between some of these outputs
were nade with counters Az Ba. = As. B3 - A4 B4' and the threshold Cerenkov

counters.

One particular point worth mentioning is the reduction of the
background to a negligible level in this set-up, even with the hard beating
of the diffracted protons. For example, 10 points were measured above the
kinematic limits for K production and 5 for 7 . and no count was registered,

No, background subtraction has been applied to the data.

. Extracted beam cnergy and consistency of the data

There are two different ways of measuring the beam energy.
From a wire measurecment the magnetic spoctrometer has been calibrated.
In this scale the dlffructed proton peak was found at 19. 28 GeV/e, the
deuteron peek at 19.69 GeV/c., From the two-body kinematics the energy
of the extracted beam was then deduced as being 19.406 and 19.402 GeV/eL
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From the v91001tz moasuremen on the diffracted protons peak and on the deutoron

poak, the bean energy was found 1ndop»ndcntly as 19, 473 and 19, 420 GGV/G.
The dispersion of these energics is very similar to what can be expected
from a check of the shifts of the position of the proton elastic peak. The
extracted beam encrgy has been taken as 19.40 GeV/c in the measurements

to be reported.

The deuteron peak, shown in Fig, 4 and Fig. 5, is centred at
33560 % 16 fringes, corresponding to a velocity of 0.9955048 * 0.0000028.
The nomentum as deduced fron the magnet setting is p = 19,69 * 0,01 GdV/c,
The mass of the particle without sléwing down corrcction in the peak is‘
n = 3% =..1873%,3 MoV * 1,6 which is in good agrecment with the mass of
the deutcron 1875,58 MeV,

BESULTS

- The analysis of the data required the determination of the absolute

value of ‘the differential cross sections with quadrupcles energised. The..

following procedurc was therefore adopted. As explained in Chapter .

11, an absolutc calibration of the monitor telescope in terms of primary
bean intensity was made using the slit collimator  CB. From the known.solid
angle in the normal mode of operation, the differential cross sections could
then be calculated. The errors involved in this method arise from the errors
in the two solid angle dcternlnatlons (~5% each) and fron the monitor
stability. This latter faotor was probably not bettcr than 10% , because

the ratio of "hydrogen 1n“_ to "hydrogen out" oounts was only about L

.,fqr the monitor.

The above procedure could be checked by calibrating the monitor
telescope directly with the spectrometer working in the normal mode, on the
proton - proton clastic poak;; When allowancé was made for a counting.losg:of
30% the same values were dorived, buf with a bigger orror becausc the error
in the ¢orrection for the :counting loss was large. As a rosult of parasitic
operation,\thé'béam'intensity could not be temporarily lowered in order to

make these measurements more reliable.
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Taking into account other sources of error (for instance, absorption
in moterial along the becam) the total systematic error in the cross sections

to be quoted is about 20% .

The empty target background correction that was applied to the data
was usually less than 10% . %

4. Deuterons

Dcuteron production has been studied with particular attention to the
process p4—p» rt +d, For 19.40 GoV/c incident protons and at 25 nrad, deuterons
from this process have a momentum of 19.69 GcV/c, O 41 GoV/c higher than that
of the elastically scattered protons.

Tn order to find the expected deuteron peak the setfing of the DISC
was checked with protons of the same velocity, i.e. about 10 GeV/c momentum.
The DISC overall cfficiency was found to be 71?% from these tests,using

moderate velocity resolution (quadruple coincidences).

" The counting rate obtained using the coincidence AB DISC is shown
as a function of the momentum in Fig. 4, where only the statistical errors

are given,

A peak is clearly evident at the expected momentum for the deuterons
produced in the two-body process. ‘The pressure curve, taken at this peak,

also gives clear evidence for deuterons (Fig. 5).

Unfortunately, no pressurc curve was measured at the momentum of
the clastic peak where the full elastic proton intensity (~10° times the
‘deuterons) was passing through the counter. These data are necessary to
know the contributioh of pfoton background in the deuteron counting rate
at this momentum. The rise in the momentum spectrum below the deuteron
peak is thus not clearly duc only to deuteron proiuction as there could be
considerable proton background contributions. In future expériments, this
point will have to be studled carefully as the production of boson resonances
by p + p~» & + B could be cbserved as bumps in the deuteron momentum

spectrum in this region.



The dlfferentlal cross section for Pp - 7t a was evaluated from
the area of the peak after subtractlon of the background represented by the
dotted line. In the lab system the value for the differential cross sectlon
of pp- 7 d at 25 mrad for the deuteron is then found to be (1,0% 0,3)ub/sr.
In this figure a 367% correction: has been included to take into account the
absorption of the deuterons in the counters. The corresponding c.m.s. scat-
tering angle is 10.1° and the c.m,s. cross section is (0.020 * 0.006) pub/sr.

The quoted errors include the contribution of the estimated systematic errors.

One can compare thls value w1th the results of previous measurements.
The exlstlng data above 3.6 GeV/c (at which momentum the angular ‘distributions

become monotonically decreasing with angle) consist of

a) angular distribution measurements up to L4.65 GeV/e ©» 7)),

H
b) some isolated points‘aﬁ.éo mrad (leb) and up to 8.9 Gev/ca);

¢) three points, at 11,6, 15,0 and 22,9 GeV/c, and at large production
angles, typically 45° c.m. ° '

0rear‘°)' fitted all these data reasonably well with a single

transverse momentum dependence

S 'éh“ (c-mo) = .A. eXp(—’apJ. )

where s is the square of the c.m. energy and *~ p, the transverse momentum

of an outgoing particle., The value presented in this paper is a factor of

7 lower than the value predicted by Orear;.but still’héérl&v103 times

greater than the value at ~ AD° Colle This shows that even at these energiles,

the production of deuterons in the forward dlrectlon is greatly favoured,

One can make an estimate as to the value of the total cross section
for the réaction' Pt+tp- a4 d by combining the présent value of the dif-
ferential cross section atA19.4 GeV/c and 10.1°(c.m. ) with a value derived
from the data of Baker et alg) by intérpolating»those data to 19.4 GeV/c
and about 39° (c.m.). Depending on how one comnects the two points, one

finds by integration
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10772 ¢ o (pp>7" &, 19.h GeV/c) g 107! e® |

The highest momentum at which this cross section has been measured previously
is 465 GeV/c” ), and there the cross section is (1.0 % 0.2) 10"29 pmz .
Therefore, the total cross section for the two—body deuteron productlon 15
strongly energy-dependent as it changes by a factor of ~ 300 when ‘the proton
momentum goes from L4.65 to 19.4 GeV/c, corresponding to a variation of roughly

8”4 .

2. Positive pions

The @ production was measured at the high-energy tail of the
spectrum from 17.21 GeV/c up to the maximum momentum allowed by the kinematics
(17.94 GeV /oc),using the coincidence AB Cy Cz DISC. Somé‘ other data were taken
in a lower momentum region from 8.1 GeV/c up to 15.35 GeV/c using. the coinci~
dence ABCy C2 . The overall efficiency for pions of the AB G4 Cz2 DISC at |
8.1 GeV/c was found to be 82,5% .

In Fig., 6 the data obtained in the high momentum range are plotfed,

along with their statistical errors.

At 25 mr, 19.40 GeV/c protons are expected to produce a mono-
energetic peak of at at 17;94 GeV/e via the two-body reaction:

pp>mha (2)
while the three-~body reaction
+ . .
PP~ np - (3)

can glve rise to ‘a continuum whose. uppor dimit is gain 17.94 GeV/c. The

continuum coming from the four-body réactions
T R o : T
pp=> T NN Co R - (l{_)
has an upper limit at 17.66 GeV/c.

The curves drawn in Fig. 6 show
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2
a) the double differential invariant phase space é%%% , normalized

to the data points at about 17.70 GeV/c; the experimental resolution

has been folded into the curve;

b) +the peak due 4o reaction (2), as determined in the previous section.
The resolution has been fblded.in again.‘ It.has to be remarked that
the c.m. production angle for reaction (2) is 9.2°, When the 7 is
detected, whereas it was 10.1° when the 4 was detected.

A correction factor 1.3 has been applied for this difference in C.m.

production angles.

Tt can be concluded that the sum of these tWOacurﬁes is well fitted
by the experimental points. Moreover, Fig. 6 shows that the. partial dif-
ferential cross section for pp - W+'p11 from the upper 100 MeV/c of the'w+
momentum is of the same magnitude as the differential cross section for
PP -~ 7t a4 . This 100 1eV/e¢ of the 7" momentum corresponds to 50 MeV
kinetic cnergy in the pn system and is therefore roughly equal tofthe

maximum Fermi encrgy of the 2 nuclcons in a deuteron.

4 similar conclusion can be reachcd from measurements of the
complete 7t momentum spectrum (including the_ﬂ+'d peak) measured by Reay
ot al.‘1) at O° and 17° (lab) at én énergy ofAZ,ngQV, aﬁd'from the_data
by Fickinger et al.'? (ﬂ+.speotrum)‘ana>Sechi;Zéfn73) (n*a oross section)
at 2,05 GeV : the cross section for PI?**F+cd is about equal in magnitude

to the cross section

[do *
. (pp->pnm) aMy,

taken between the limits Mdeuteron*if%Mpﬁié Mdeutefon

cludes therefore that deutcron production at. energics above 1. GeV is the

+ 50 MeV., One con-

result of the same mechanism as is found to be operative at a few hundred
MeV*'* ), namely the simple chance proximity in the momentum space of the two
constituents, proton and ncutron, to within the Fermi momentum? 4

Since the two-body deuteron prddﬁétion'éhowéfa very steep angular
dependence, probably as an exponential in- the transver§e_m9mentum, as dis-

cussed in the preceding scction, onc can conclude that also the differential



cross section of the most encrgetic pions obeys the same law, This law was,
of course, alfeady well cstablished for sccondaries of energles well below
the upper limit, Al though the significahce'of the collimation of the sécond-
aries_in the forward direction is not yet clear;'Such d general phenomenon. -

cannot be of small imporiance.

3. Pogitive Kaons

The measurement of the X production near the high momentum tail
of the spectrum was made diffieult by the fact that at the same momenta protons
and pions are ~ 10° times more abundént The data have becn taken using the
DISC counter set at high resolution in 001ncldence with the
AsBs counters. The efficiency of the DISC operating in these conditions
was found to be about 5095, 4 ‘

The K data are shown in Figs 7 and 9. For the kinematic conditions

of the experlment, the maximum nomentum of XK' produced in the reaction-
. . +~
p+p-> K + p+ A

is 17.56 GeV/c. 1If therc were-a violation of strangeness conservation by
the production of a’ K" in association with a neutron: rather -than 8. A

the K© spéctrum would oxtend above this momentum, The. lack of evonts ob-
scrved above the KA “kinematic limit, Fig. 7, leads to the conclusion that

a strangeness non-conserving process is lcss than 2% of the normal reactions.

‘The sharp increase of the x* yield just below the kinématié 1inmit
is well fépfésented by a smooth %-body KAp phase space. Any - déviation fron
thls would be due to an onhancemont of 1nteractlon in the low-¢nergy A-Dp
system. Such an enhanccment has been already observed in similar p=p-cxpori-
ments at 3.2 and 3.7 GeV/e by Melissinos et al.15) and at 4 and 5 GeV/e by
Blioff et al.16) Considering the magnitude of the effect observed at the
lower momenta and the statistical. uncertaintias in the preséht dafé}%it nay
be sald that the spectrum ShOWn 1n Flg. 7 doos not exclude the presence of
o small enhancement in the A=p system. Tho p=-n “enhancément (namely
the deuteron) shown at the cnd of the at spectrum in Pig., 6 would not have
been seen had the # data been taken with the poor statistical accuracy of thic



the K+ . TIf the A-p enhancement has a similar character to the low
cnergy p-n interaction, its energy dependence may be expected to be
similar to that noted for d production in sectionlV.Z, and the phenomenon
should appear in the K spectrum as clearly as the deuteron does in the n
spectrum, The chance of observing the A =-p enhancement thus appears to

be quite high. The background conditions were so good, morecver, that simply
s considerable increase in statistical accuracy would result in a firm con-

clusion on this point.

, " The ratio of K" to- T cross'seetipﬁe>is>essentially constant,
~ Y20 5 up to the highest momentum. . o

EES S S

4. Negative Pions and Kaons

The production of 7~ has becn observed from 8 GeV/c to 18 GeV/c..
using the coincidence requirement AB Cq Cz . The pressure in the threshold
counters ¢4 and Cz was set to reject. K and p . The data afe‘SﬁoWn in o
Fig. 8. :

The date on K productlon, which are plottod in Fig. §;$WéfeF%éken
using the coincidence AB 0201 . - The pressure in the two Gerenkov countors
was set in such a way that the threshold of Ci was between the plons and
the kaons, while the threshold of Cz was between the kaons and the antiprotons.
Very little time was spent on the negative particle spectra° The background
conditions were extremely favourable and it was felt that the negative
particle measurements presented the leaut difficulties and could beudonexA

rapidly later.

Tnteresting structure could be present in the 7 spectra.
A di-baryon state of triple charge has been proposed17) as a member of a
representation in SU(6) together with the deuteron. Such a state would:

show up as a bump ncar the end of the T spectrum.

5. Antiprotons

One point at 10 GeV/e was measured using the signature AB?i Cz »
The cross section found was 7.7 £ 1.3 ub GeV/c™ sr™ (1ab). The error

quoted is statistical.
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6. Protons

Fig. 10 shows thc rusults of the proton neasurenents using the
coincidence signature AB . A striking inclastic poak about 0.95 GuV/G below
the elastic is scen. Thls pcak corrogponds to excitation nalnly of the
N%* (1688) and the appcarance of the spectrunm in this reglon is similar to
that observed in cxpoeriments at other encrgies and angles corresponding to
the samec momentum transfor18>. Tt should be noted that the present experi-
nent did not really cxplore the isobar rcgion in any detail as is clear from
the spacing of the points in Fig. 10. Detailea:méasuréments could be -

sonsitive to observation of rather small structures.

The proton spectrum was mecasured very carefully in the momentunm
interval between 13.9 and 15.3 GeV/c to see if there were any structure.
The inset of Fig. 10 shows that the spectrum in this mqmentum range is’
rather -smooth and,does.not cxhibit fluctuations greater than 1% in
~ 100 MeV/c intervals. | ' '

CONSTRUCTION OF COMPLETE PARTICLE SPE CTRA

At cnergics around 20 GeV no data existed, until now, on partioie
production at secondary momenta ncar to the kinematic upper limit., Other data

taken at high energies and differont angles can bo used to construct the

. general shape -of the nomontum spectra for our condltlons. Dekkers et al.'®

- hadve measured 7*  and K _spectra at 0 and 100 nrad for 18.8 GLV/G protons

and:Collins Gt¢a1;2°) have given prellmlnarj data on ﬁ pro&uctlon at 15;rau
for 30 GeV/c proton momentum. The cross sections glven by ‘these experiments
have been transformed to our momentum and angle using the formula given

by Cocooni, Kocster and Perkin321). In Figs. 8, 9 and 10 the dashed curves
show:the. trend of the cross soctlonU cstlmanod by this procedure. These
curves fit on to our data qultc Well glVlng complcte hlgh energy secondary
particle spectra for the first tlﬂo.‘ Of course, the curves would actually

have begn neasured by our spcctrometer had ‘time permitted.



VI

CONCLUSTIONS

The preliminary results presented in the above paragraphs show
that the high encrgy end of sccondary particle spectra can be well measured
using an extracted pfotbn'beam and a spectrometer of high resolution both
in nomentun and particle velocity. The detection of the reaction
pP+Dp -~ o a as a small bump at the end of the at spectrum demonstratcs
that two-body proccsses of quite low cross scetion can be detected.

Hence, it appears of considerable interest to continue this experiment for

a useful amount of running time in cssentially its present form.

Tt may be added that no fundemental experimental limitations, in
the present study, due to the very high beam intensity, were encountered,
Indecd, cven higher beam fluxes, say ~ 10'2 protons per pulse would have
been useful in studying the very small cross section processes. It is. not.
easy to sce eny method other than the present one to investigate such reactions.
This is particularly truc of p production for which only one point was
neasured in our present study. Carcful neasurencnts of the high energy cend

of 5 spectrun might well yield very interesting results.
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PIGURE CAFTIONS

Figure 1 Expérimental layout of the slow extracted prbton beam and the

spectrometer at 25 mrad produdtion angle,
Figure 2 Pressure curves of the DISC differential Cerenkov counter.

Figure 3 Difference between the observed and calculated number of
fringes in the DISC,

Figure 4 Deuteron momentum spectrum. Plotted is a AsBs DISC
(qﬁadruple coincidences) with the DISC tuned to deuterons

of the appropriate momentum.

Figure 5 Pressure curve of the DISC (quadruple coincidences)
at the momentum setting corresponding to deuterons from

the reaction pp- 7 a.

Figure 6 @ momentum spectrum (lab system).
Figure 7 K' momentum spectrum (lab system).
Figure 8 7° momentum spectra (lab system).
Figure 9 K® momentun spectra (lab system).

Figure 10 Proton momentum spectrum (1ab systen), In the inset

the region 14.0 to 15,2 GeV/c is shown on an enlarged scale.
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