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ABSTRACT

New data on the ractions pp ~ pppo. pn - pnpU and pn -- ppP  and new data on
the reactions pp —-ppfo and pn -~ ppf0 at 19 GeV/c are used to study the reac-
tions NN —~NNp and NN ~ NNf° in terms of isospin amplitudes. The results

are compared to the results of a previous analysis of single pion production in

pN-collisions at the same energy.

Contrary to the pion case, where the isoscalar amplitude was dominating, no
amplitude dominates p production at 19 GeV/c. Available data at other energies

are used to study the energy dependence of the amplitudes,
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t. INTRODUCTION

Onme of the main interests in analysing production proce~-o st fove ot rhe
nature of the exchange mechanism. For single partrcie prosuction o neh o

gy hadron-hadron collisions this may 10 some extent oo o a0 i
isospin anaivsis, where the isospin of the exchamge 1~ chione o e nniv

an analysis has been performed for single pion sreductiog noosuecon ach o
{NN) collisions 1]. In this paper we study single 2 . P proiiaclon Lo i
vestigale any difference in the production mechuzism & ok 70 0 e
production. The analysis is more difficult 1 the p an . f-e- Thak it Lpen

case because of the much lower production cross sectian libhe b

the non-resonant background.

In section 2 we give a short outline of the method of nalv<r . We il iine wors e
new data from our pd-experiment at 19 GeV o, and conn vetails of this e,
ment are given in section 3 where also the cross section. needed e evaluated,
In section 4 the resuits of the analysis al 19 GeV /¢ are proosented while in o~
tion 5 we use available data at other energies to obtaun the cnerpy copendence of

the isospin cross sections. A discussion of the resulls Loliow s in <oction
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2. METROD OF ANATYSIS

As in single pion production three isospin amplitudes are necessary and suffici-
ent to describe single p production in NN collisions. For single (o production
two such amplhitudes are sufficient. The set of amplitudes may be chosen in a
variety of ways. and the different sets are equivalent and related by limear trans-

formations.

For single pron production we used in ref. (1] a representation in which the t-
channel exchange carries isospin lx and the produced meson and ocne final state
nucleon couple to a system with isospin 1. This is a convenient choice when the
secondary particles are peripherally produced as in the case of single pion pro-
duction at high eneryy. The corresponding amplitudes get direct physical signif-
icance only when the produced meson and one of the nucleons form a physical (i.e.
not only a kinematical) suhsystem. Since the production of p and ° shows a
peripheral st ructure at our energy, this representation will also be used in the
present analysis. However, the degree of peripherality is somewhat difficult to

ascertain hecause these resonances reside on a background of non-resonant events.

We will also discuss the reactions in terms of a double peripheral representation
where the isospin amplitudes are specified by the isospins of the exchanges, 1
and | 9

1

2.4 NN, = NN p

1
Using the representation of fig, 1a, the symbol Mlx denotes the amplitude for t-

channel exchange of isospin lx with production of a p-nucleon cluster of isospin 1.
If charge-symmetric reactions are disregarded we have seven independent nucleon-
nucleon reactions leading to the production of a p meson. The crose sections for
these reactions are given by the isospin amplitudes according to the equations
ta-1g [27:
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The internal parentheses indicate to which final state nucleun the p is associat-
ed. Kinamatical factors are included in the amplitudes and the integration over
dR stands for summation of helicities and integration over a region of phase
space. Ths relations are of course identical to those for single pion production,
but since the p is observed by its decay products, different charge channels are
observgble for ¥ and p production.

We will in the subsequent analysis use only total cross sections, i.¢. cross sec-
tions integrated over the full phase space and summed over helicities. The cor-
responding isospin cross sections and the interference terms are denoted as fol-

lows:

‘I<|M,/2l >dR, ‘I<IM4/2 ~ dR

!j'< IM 12 > ¢r, < Re(M ) = dR (2)

3/2 1/2 1/..
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These quantities are constraiwed by the following inequalities {2, 3]:
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(3b)

(3¢)

There is one measured cross section less than the number of integrated isospin

amplitudes and interference terms. In accordance with ref. [1] we therefore

choose the interference term m

13

as a ""free' paramster (i.e, constrained only

by the incqualitics 3a-3c), and the other quantities (2) are then given as linear

ions
functions of m”

!TlO

1

as follows:
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The range of variation of the isospin cross sections (4a)-(4f) is then determined

by the region to which m |

13

= x is constrained by the inequalities (3a)~(3c).




As mentioned sbove we would also like to analyse the reactions in terms of the

double peripheral scheme given in fig. 1b, where the corresponding amplitudes

MM. Mm and M“ are defined.

Rt should be pointed out that the exchange lx of the single peripheral representa-
tion corresponds to 1 { of the double peripheral represemation.

The relation between the two sets of amplitudes is given by:

M MI/Z 132a)
10 1_.1 2.1 _
M --3“1/2’3u3/2 15h)

11 J 2. .1 J2_1
= f =M - - ac
M=V 3N aM3/2 e

The relations (5) are given in ref. (4], but with a different normalization of the
double peripheral amplitudes, denoted P, Q and R respectively. The relation
between the two sets of amplitudes is ‘Mo1 =‘/ %p, Mw -l/ %Q and M“ © IR

1y, 11

In terms of the cross sections 0, - 0 and th> parameter y = m . one gets

the following expressions for the integrated quantities:
mOi ;I<|M01 |2 >dR = -/T;-‘y +%(20’ - 20, 4 20, * 0.) {6a)
m'? 5J’<|M‘°|2 >dR =/§y +% (20, - 0,) (Gb)
m!! lll_[’<|M"|2 >dR=%as (6¢)
mo1 10 =< Re(M01 .Mw) >dR = é;’-(a1 - a,) (6d)
mm'“ lj'<Re(M°’ 'M“) >dR=y +%/§(-01 to,+0,-0, - o) (6¢c)
1011 lf<Re(M’0.M“) >dR =y .




The cross sections (6a)-i60) of course fulfil inequalities similar to those for the

single peripheral representation.

We note that in this representation one isospin cross section and one interference

term are directly measured by the observed cross sections.

To find the importance of the different isospin amplitudes, one must consider
their contributions to the observed cross sections o, These contributions are
independent of the normalization chosen, while that is of course not true for the
isospin cross sections, In particular it is interesting to find the contributions
from the various amplitudes to the total cross section iéi o since this would be
a measure of the relative importance of the corresponding exchange mechanisms
for the processes considered. These contributions, F(M;x) and F(Ml‘lz) for the

single and double peripheral diagrams respectively, are given by the following

expressions:
I\' 21 +1 lJvc 2
FM)  —— - .
M5 +1“Mr |” dR (1.1)
X
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The normalization chosen is such that T o = £ F(M x) = ii FM 1 “.
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With obvious shurt-hand notations for the contributions F we thus have:
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Referring to the peripheral isospin diagram of fig. 2a, we define the amplitudes Mlx

for single P production in the same way as in the case of p production, Since t°
is isoscalar, the isospin of the nucleon-{° system must be I--;- snd two in-

0
dependent isospin amplitudes M 1/2 and M;/z are necessary and sufficient.




If charge symmetric reactions are neglected, there are three different charge

]
channels in NN reactions leading to NNf final states, The relations between

the cross sections and the isospin amplitudes are:

(] 0 1 _ .1 2
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The notation and conventions are the same as for p-production in scction 2.1,

The set of equations can be solved to give the following vapressions:

My "2%72% 1% 9a)

=24 (9}

my "3 9% (9h)
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T v 4 - O

mOl 40‘ 402 {9¢)

Finally we tarn to the double exchange diagrams shoan in fig. 2b, and denote
the isospin amplitudes by Mjilz where | 1 and I, refer to the isospins of the

two exchanges.

We choose the normalization such that the relation between the two sets of

amplitudes is

0 00

M’/2 M {10a)
1 1 11

Myse= l/:“ (10b)

1 1.1,
since {° s an laoscagar particle the contributions F(M ”;2) and F(M ! z) to the

total cross section ‘E’ o, are equal for the two sets of amplitudes and they are

given by

i
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3. EXPERIMENTAL INFORMATION

The present analvsis is based upon data from the Scandinavian 19 GeV/c pp and
pd bubble chamber experiments. From the pp experiment dath on the chunnel
PP — PP w+1r° are needed, and these data are obtained from 307~ events o this
reaction. Further details about this reaction and the pp experiment are found in
ref. {5-7). A cross section fur the reaction pp - pp@  uid u revised (571 Cross

section for pp ~ ppfo are evaluated in section 3.2 below.

3.1 The pd experiment

The pd data to be used are preliminary and are based on ca, 10 000 measured
events, which is the part of our deuterium film (ca. 75 ') analysed uniil now,
The scanning, measuring and reconstruction procedures have been described in
ref. (1], and we give only those details that are of particular importance tor the

determination of the p- and f“—production Cross sections.

The events have been fittcd to the following final states:

pd~pptm Pypec (a)
pd=pp® ¥ Pspec (b)
pd-pn ﬂ+ m pSpec (c1)
~ppr n e (c2)
pd~pd .0 (d)
pd ~pd g o (e)
pd=nd¥mm (f)

The spectator is defined as the nucleon with the smallest laboratory momentum,
and channels (c1) and (¢2) are thus identical except for the labeling of different

nucleons as the spectator.

Of the kinematioally acceptable hypotheses only those consistent with the obsery -
od track bubble densities were retainod. To purify the sample further. additional
criteria were applied as described in ref, {17, but still ¢a. 30 of the events

had ambiguous interpretations. The ambiguities have for the purpose of extracting
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. . -0 + - .
a re able sample of the reactions pn -~ pp? 7 and pn - pn® 7 been treated in

the following wov:

0" o s\hu,\vs‘t‘nmp(‘lmp with ia), which is a 4C hypothesis, are rejected.

2 An event with an ambiguity between a coherent and a non-coherent hypothesis
1= ¢lassified as coherent if it is a 4-prong event, otherwise both imterpreta-
tions are accepted with proper weights,

3} Ambiguitic~ hetween the ﬂo-channol (b) and the neutrorn channel (c), and al-
s the internal ambiguities of channel (c), have been resolved by favouring

the hypothe=is with the most peripherally produced nucleons,

There 1= also the possibility of wrong assignments between the proton and neutron-
spectator channels (¢1) and (¢2) where we choose as the spectator the nucleon

with the smallest momentum, From the channel pp - ppu#rr— observed with hydro-
gen target T - 7 . we can estimate the cross section for the neutron spectator
channel, and we find them to be equal within errors. This does not mean

that we slways make the right choice but only that there is no net flux from either

channei .

The above procedure resulted in 810 accepted events for the #° -channel (b) and
3064 cvents for the neutron chanpel (c1), when a probability cut of 10 % has been

applied.

3.2 Cross sections

Toesteact tree pn eros. s ctions from the corresponding pd cross sections
we rely on the spectator modet procedure as described in our earlier report
[1]. A5 correction for Glaaber screening has been applied. No correction

for the Pauli exclusion principle has been made since it is assumed to be negligible.

In fig, * we =how the offeciive mass distributions of the two pions for the follow-

ing four channels of inferest:




BRI e A 53 10 0o e S S e e St

+ .
pp ~pp T W iA)

pn - pp 7 +B)
~pon. T (C
pn = P nﬂ 1€y

pn — anF TTn (D)

F and B label the durections forwurd and backward in the CNM systenn vediats ot

the beam direction.

A p signal is clearly seen in the reactions (B), (C) and 1) while it 1 reccction
) (+ )

{A) appears as a shoulder. To show that o and { produciion exist and 0 Jdu

ale the cross sections, different cuts to the data have been applicd vt ¢ and

() .
f cases as described helow,

3.2.1 p cross section

In fig. 1 the same two-pion mass distributions as in fig. 3 arc displaved with the
additional requirement that the M0 (N + 2m mass s above 1750 MeV ' - wherve
M _ (N + 2m represents the mass of the (N + 2m-combination with the minimum

momentum transfer. The p-signal is now clearly seen also in the reaction
+ -
pp —~pp T W .

To obtain the cross sections for p-production in reactions (A)-(1)), we have fitted
to the mass distributions of fig. 4 an incoherent sum of a relativistic Breit Wigner
term * and a peripheral background term. (For the #' 1 mass distributions a
Breit Wigner term for f is included.) The background terms are obtained by
Monte Carlo generated events as a peripheral phase space including Lransverse
momentum cut-off, leading particle effect and pronounced resonance production,
This peripheral phase space describes all relevant distributions well, in particular
the low mass peak of reaction (D) as seen from the curve of fig. 3d. The values of
the central masses and the widths of p and 2 were fixed to those of tables 1 and 2.

The results of the fits are given in table 1. The hest fitg are shown as full curves

* The Breit Wigner amplitude squared is parametrized as

Mm I'T I

mn 21
BW « 3 202 02,, withfsf‘oﬁ-q(?-)" e
™M -mo) +m01"' o




draan o the mass phots of fig. 4, and the broken curves indicate the fitted back-
ground ternts, No correction has been applied to the p cross sections to account

for the effect of the mass cut,

{t should b purnted out that in the channels where similar fits easily can be made

to the uncut m =~ Jdistributions of fig. 3, compatible results are obtained.

A described iy section 2 the produced p must be associated with one of the final
state mcleon s to obtain the cross sections needed for the isospin analysis. To
show to whar evtent p oactually clusters to one of the nucleons, we display in

figr, 5 the Dalits plot of .\Iqupﬂ_no) versus Mz(p 1r-1ro) in channel (B) where

B
the ﬂ’ﬂ’,)—rna.-rs 15 restricted to the p interval (660-860) McV.

Althourh the hyckground event- to some extent hide the structure of the events
with zenuine  production, there is a clear tendency for the produced p to be
associpted with one of the nucleons. Similar features are seen in the other three

channel.. .

From the definions of 01- o, in section 2, we sec that cr1 is simply half the
cross section for o preduction in reaction (A). From charge symmetry it is
clear that the reactions with pU production in chann;als (C) and (D) are the sums
of two chiarae svmmetric reactions where p0 is associated with one of the nucle-

4
eross sechions for o production in channel (C) and (D), respectively, However,

ons. Therefore the cron~ ~ections 0, and 0. may also be obtained as half the
9

to evaluate cross sections 7, and 03 one has to define some way to associate
the p  with cither the target proton or the beam proton. In the case of pion pro-
duction this has been done in a variety of ways. In ref, [1] a new procedure was
adopted in which the distribution of cos@ of the produced pion in the CM system
was used to associate the meson with one of the nucleons.

We have therefore plotted in fig. 6 the distribution of cose(‘M of the ("—"o)_
system from reaction pn - pp n'n where the (ﬂ-ﬂo)-mass is contined to the

p -band. The distribution of the background events is assumed to be described

by the Monte Carlo generated events discucsed above, These generated events
deseribe the ('uSQCM distribution of the events below and above the p-band very
well, The arrow in fig. 6b, where the subtracted distribution is plotted, indicates




the separation point, The ratio between the number of cvents produced on the

beam and target vertices obtained in this way, i~ then used to decive the cros s

sections 0, and 0‘3 from the value of o, 0.‘ = gepho - pp 6o uhven in tahic 1.

The cross sections 0,- 0, computed as described above. are givenom tablbe o
J

together with corresponding cross sections at other enery. -, The errors are

those from the fits, The cross sections at other energie: G discin <ed 1 acs

Lon .

0 .
3.2.2 f cross sections

. : ) . . .
The cross sections for single f production are obtained trom reactions ¢y oty

-]

[,
and (D) above, and the corresponding 7 7 mass distributions are shown in fig,
with a similar threshold cut as was applied for p-production. .. oniv events

with Mo( N +2m) - 2250 MeV are accepted.

Although the signals for £ production are rather weak in these plots, we have
made similar fits to the mass distributions as in the p casc. In the fits we used
the values of the central masses and widths of f’ and nO that are given i tables
2 and { respectively. The results of the fits are given in iuble 2 and as tall carves
in fig. 7. The broken curves represent the fitted background terms used for the

different reactions,

The cross sections needed for the isospin analysis 0,- 0, are simply obtained as

$
half the cross sections found in the fits, and are given in tablc¢ 4 together with
available data at other energies. The errors of the ¢ross sections are those from
the fits. All the cross sections in table 4 are corrected for unohserved decay

o 4 -
modes of f (branching ratio of 2 ~n 1 toallis HB5 5y 110y,
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boo ENPERIMENTAD BESULTS AT 19 GeV/e

N N N N o)
3

The five cross sections PR of table 3 at 19 GeV/c were used in equations (4a)-
{10 to tind the antervals to which the isospin cross sections m0~m13 are con-
strained e the inequalitic s (3a)-(3¢), The results are given in table 5 and the er-
rors attached to the intervals stem from the errors of the observed cross sec-
tions. We mentioned in section 2 that it would be interesting to discuss this reac-
tion alzo in the double peripheral representation. The relations (6a)-(6f) were
used 1o caleutate the corresponding intervals of the isospin cross sections of the
double o cchange diagram:. The results are given in table 5 torether with those
for the single exchange diagrams, The same resul' < are also displayed 1n fig. =

whern we hane plotted the different isospin cross sections as functions of m
10,11

13

and

Following ref. "1 we introduce the normalized interference terms bij defined by

m TooU Mmoo
1) i i

for single exchange diagrams. and in a corresponding way for the double exchange
diggrams., We note that I:,il <1, and that the values of these normalized inter-

l.
ference terms are determined by the coherence of the amplitudes and by their

relative pha-c. The intervals of the 8's are given in table 5,

We will nov compare these results with those obtained earlier for single pion pro-
duction in terms of the isospin cross sections and the normalized interference

termes,

For the single exchange represeptation we recall that the main results were a

clear dominance of the izo..calar exchange cross section my and that the normaliz-

ed interference terms = and #
03 "13

nitude and negative. It s elear from fig, 8 and table 5 that m is not dominating

were close to zero while 801 was large in mag-

in o production contrary to the pion case. The normalized interference terms
arc seen to be essentially undetermined. Transformed to the double exchange re-
present ation the eross section mm = m0 again dominated in the pion case but not
in the p cawve,
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To present the relative importance of the different amplitudes we plot in fie. o
7

the contributions F(M:") and FtMI’Iz) to the total cross ~ection ) rrt . o the
i= .

01 ta
double exchange diagram we also plot the sum F - F ; ;icy1 ' :!ql . Sinc
11 1 1 10
F = 305 , both F ! and the sum FO + F ure constants. mdependent of the
10,1
variable y = m 0. i. Fiom fig. 9b, where also the error- are fndicatedd, v ob-

11 01 1i
gserve that F~ has a significantly lower cross section than V- ¥ ’. Thu= de-

scribing the reactions N1 N2 - N,‘(N_ip) in a double peripheral diagram, the am-
nlitudes with double isovector exchange ave less important at 19 Ged o than the
amplitudes which include isoscalar exchange. This tendency was, however, much

stronger in the case of single pion production.

0
1.2 NN - NN
12 34f

The cross sections ,. 0, and 03 of table 4 at 19 GeV/c were used i the equa-

tions (8a)-(8¢) to find the isospin cross sections m” and m1 and 'he interference
term m”1 . The values are given in table 6, where we aiso give the value of the

. . I
normalized interference term 501 . The values of the contributions l~'¢f\l1‘ )

the total cross section i}:i 0 are given in table 6, with obvious sharthand notation.
= 1

to

As can be seen from table 6, the two isospin cross section contributions |"“ and
F1 are about equal, with F0 slightly larger than l’1 . We also note that the nor-
malized interference term ,'c‘m is small. The relatively large errors on these
quantities do not, however, allow any firm conclusions to be drawn,
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5. ENERGY DE PFNDENCE OF THE AMPLITUDES

(4}

.4 NN - NN
172 3" 4P

The cross sections for single p production in pN-collisio.’s in the momentum
range 4-25 GeV/c are given in table 3 and fig. 10. As can be seen most of the
cruss sections are for the reaction pp - pwo, and only very few cross sections
for p-production in pn collisions are available. In the footnote of table 3 it is in-
dicated that come of the pp cross sections are published ones, while the others
have been extracted as described in the footnote of table 3 by usimg the World Col-
laboration Data Summary Tape on the reaction pp — ppl+ﬂ’- {14]. In some of the
pp experiments, for which we pow give thz cross section o, p-production has
not been claimed by the authors (see footnote of table 3). However, the use of the
mass cut introduced by Blobel et al. [8], simplifies the extraction of these cross
sections, The only pn cross sections available are the full set of cross sections

0,-0, at 19 GeV/c (this exp.) and o, and 0, + 0, at 7 GeV/c [18].

Analyses similar to that at 19 GeV/c, which would be valuable to perform also at

other energies, are therefore not possible.

We will, however, follow the procedure of ref. (1) and sssume a parametriza-
tion of the isospin cross sections and the interference terms as functions of ener-
gy, since all available data may then be used in a iotal {it to determine the integrat-

ed amplitude terms and their energy dependence.

Starting with the single exchange representation it seems natural to try the same

parametrization as we used for single pion production 1],

ni
m =K P
12)
m,
B” = ‘:—L“ - constant
vV m.m

which contains nine parameters to be determined.

Due to phase space effects this parametrization will generally predict larger cross

sections than the observed ones at low energies. For single pion production we



—

s
-1

therefore restricted ourselves to primary momenta above 6 GeV.'c. For g produc-
tion the phase space effects are appreciable even for higher enerygics than i GeV/e,
and we therefore choose to "correct' for the phase space effects by writing 25 i:

g -q - (phase space volume) (13)
1 i constant - plab

where g, are the observed cross sections and the constant s chosen such that
i

the phase space factor

phase space voiume
constant -
© Plab

tends to 1 as Plab ~ ®- The primed quantities ai' we refer to as phase space

modified cross sections.

To see the effect of this modification we show in a log-log plot in fig, 11 the cross
sections A of the table 5 as function of Plab and the corresponding modified cross
sections 0! . It is obvious that the results of the subsequent analysis Lo some ex-

1
tent will depend on the choice of the phase space factor,

We have tried to fit the parameters in (5.1) to the modified cross sections oi' but
no fit was obtained, The reason for this may be that the parametrization is not cor-

rect. Another difficulty is that there are so few pn cross sections.

Turning to the double peripheral representation we start by mentioning that the
parametrization (12) gives a good fit to the single pion production data of ref,
[1]. We therefore try this parametrization also for the p production data, The

result of this fit is given in table 7 and fig. 12.

To summarize the main features we note that

:

% A. The fit is acceptable from a statistical point of view, but the values of the

! fitted parameters as well as their errors depend critically on the few pn
cross sections given,

B. The isospin cross section mcM has a weak energy dependence.
The term mm, which is equal to the isoscalar exchange cross section m_ of

0
the single exchange scheme, is likely to be pomeron ( P) dominated at high




cilerpies. Fron the weak energy dependence a pair of exchange trajectories
. 01 .
including « I ¢+ p) is expected to contribute largely to m~ also in our ener-
gV rance.
. . _ 10 11
C. l'he 1sospin cross sections m - and m ~ have about equal energy dependence
1 o
the slope parameters n=-1) and F(M 0) is the dominating contribution. The
observation that the isuspin cross section with double isovector exchange is

of minor importance, agrees with the results at 19 GeV/c in section 4.1,

As we pointed out in section 2 the exchange labeled ! 1 corresponds to the ex-
change lx of the single peripheral representation. Taking the peripheral na-
ture of the reactions into account it then follows that the trajectories corre-
sponding to l1 must have a higher intercept than the ones corresponding to 12 .
This must obviously be true for mw since it is the leading term but must
hold for m“ as well since one cross section 05 depends exclusively on m11
Possibie pairs of exchanges like (7 + ) and (A2 + w) for m’0 and (p + p)
and (f+ Az) for m“ are thereby not allowed. Equal intercepts for m“ is
also excluded from the fact that there is a dip in the CM rapidity distribution
for o~ at y = 0. With the observed energy dependence we are therefore left
with p * 1 and A2 + 7 as the most probable dominating exchanges for m10
and m“ respectively,

1. The two normalized interference terms involving double isovector exchange,

g and 8

01,11 10,11 are large in magnitude and with opposite signs.

It is now interesting to compare these results with two earlier analyses of single

p production { %, 137,

Blobel et al. ' %] have used pp data at 12 and 24 GeV/c and performed a double-
Regge analysis of the channel pp - pppo. From the energy dependence of their
cross sections they can exclude a dominating pomeron contribution in accordance
w.th our ohservations. In the CM rapid.ty of po they further observe a dip at

y = 0., They conclude that vector meson-like ( w) and pion-like () trajectories
should be the dominating pair of exchanges; (w and # stand for trajectories with

intercept a (o) = 0.5 and a (0) — 0 respectively).

From equations (6) one can see that m01 and m10 have equal contributions to the

cross section o(pp ~ pppo). Our results are therefore in fair agreement with that
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of Blobel et al., provided their vector meson-like and pion-like trajectories are

taken as p and 7 respectively.

At 7 GeV/c Yekuticli et al. 1% discuss the mechanism for single o productnon
in pn collisions and conclude that a diagram with double izovector vxchange e

plains the process. This does not agree with our re-uits ~ice the contribulion to

5 *

- 1A .. - .o
(o from m s lessthan b0 al 7 GeVoC an-

A
1-¢ 1

1&

v

the total pn cross section

terference terms n=2glected),

When we compare the present results for p production with those for pion procuc-
tion _ 1., we see a clear difference in the contribution {roin single isoscalar on
change to the two processes. For single pion production the isoscatar exchange
was found to be the leading mechanism above 7 GeV /¢, and since F(M“) - H.\IM)

we find that this is not the case for p production.

O
5.2 N N_-~N
.2 1h2 L3N4f

The available cross sections for single f production in pN collisions are given

in table 7 and for completeness also plotted in fig. 10 as function of the beam mo-
mentum. The footnote of table 7 tells which of the pp cross sections are found in
the literature and whicih have been extracted by us from the World hs1 | 11 1,
Primarily because of lack of statistics the errors of the crosssections are relati-
vely large for most of the experiments, but still some discrepancies seem to exist
between the cross sections. It is interesting to nute that cross sections for (’

production in pn collisions are here given for the first time.

It would now have been natural to try a parametrization of the isospin cross sec-
tions similar to that for p production, in order tv obtain the energy dependence

of the cross sections for the two possible exchanges, i.e. the double isovector

and double isuscalar exchanges, Particularly interesting would it be to sec if there
is any indication of double Pomeron exchange [8]. The fact that pn cross sections
exist only at one energy eliminates the possibilities of a fit with the parametyiza-

tion indicated.

H
n -
* L oo a2;m0t, 0 2 04,00 1 4t 2 2 10,11
i A (3 m 3m )tgm 3‘/3;“
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[he o of thrs paper 1s to use the method of cross channel isospin analysis to

A Iy L L
di=cus~ the roechanism «f single p and { production in nucleon-nucleon collisions,

(V] . . .

We present data on single o and f production in pn collisions at 19 GeV/c. Cross
(8] . .

sections for the reaction pn - pnf  have not earlier been published. Some cross
0

sectioms for the reaction pp = ppp  have been extracted from the World Collabora-

- + -
tion DST 11 on the reaction pp - pp? 7 .

The analysis at 19 GeV /e, performed both in 8 single and in a double exchange re-
presentation, does not allow us to decide if any isospin amplitude dominates the pro-
cess of sinsie p oand f“ production at this energy. It shows, however, that when

the provess 1s consulered in the double peripheral representation, double isovec-
tor exchange plavs 4 minor role for p production and that both double isovector

and doubls 1s0-calar exchange mechanisms seem to contxjibute to single fo produc-

tion.

To determine the enercy variation of the isospin cross sections and the interfer-
ence terms, using all avaslable data, we have parametrized the isospin cross sec-
tions as power laws ~ p?nib and the normalized Interference terms as constants
{eq. 12). In the case of f production too few pn cross sections exist to deter-
mine the parameters. In the p-case an acceptable fit is obtained in the double
peripheral representation, but the results depend critically on the few available

pn cross sections.

For p production at energies helow 25 GeV /c the result of the fit leads to the fol-

lowing features concerning the production amplitudes:

i The (l’ n,lz = 1)-amplitude, corresponding to single isoscalar exchange in
the single pevipheral representation, is not dominating and has a weak energy
dependence in accordance with {soscalar exchange being Pomeron dominated.

ii The two other amplitudes (I1 = 1,12 = 0) and (11 = 12 = 1), which are related
to isovector exchange in the single exchange scheme, have about the same
encerpy dependence (slope parameter n = -1),

i The ”i 1.12 = 0)-exchange is the leading mechanism compared with

Iy L, = 1)-exchange, and could be dominated by (p + m)-exchange.

L. ' L D R TR SR




Interpreting the results in the single peripheral representation, wo tind that the

isoscalar exchange mechanism plays a less importante role for singlhe o than tor

single ¥ production in the energy range considered.

More data, especially for the pn reactions are needed in ovder to reach more de-
finite conclusions concerning the exchange mechanism of single p production i
aucleon-nucleon collisions using this type of analysis. For single f”—])l‘u(hu‘l ton
new cross sections from pn-reactions at other enecrgies thun 19 GeV. ¢ are neces-

sary to obtain the energy variation of the isospin cross sections and possibly 1so-

late the leading exchanges.
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Fre. ! Dctimiion of the eross channel 1sospin amplitudes for the reaction
N, e NN p) for
. 3 t
O ~ingle exchange diagrams

T double exchange diagrams
. . . . 0
Fig, The sane as fig. 1 for the reaction Z\iNq - I\,icN‘f )
- [y N

Fig. = Sass distributions Mimm for reactions (A)-(D). For reactions (B),
Cy and (10 a probability cut of 10 7 has been applied, The curve for the

resction pnoc ;,“nFn 7 represents the Monte Carlo generated events

. . O
csee texty, including a Breit Wigner representation of p, (two pages).
g, Arm distributions of events {for which MO(Nnm - 1750 MeV, where
A oNTm is the mauass of the (NfM-combination with minimum momen-
tnm transfer, The full curves represent the best fits of a background -

Breit Wigner terms of p and {°. The broken curves show the fitted

hachuround terms, (two pages).

2 - 2 -
Fig., P, plot of :\1“1pFﬁ no) versus M (an ) for the channel
pn o ;»[‘pl','r_n” where P and pB label the protons going forward and
LAY ; )
backward in the CM system, respectively. M(ﬂ_no) is confined to the

ooregion (660-9%0) MeV.

Fio . oy Distribution of mmeCM of the (ﬂ-no)—systcm in the reaction pn -pp1r—1ro,
when M ') is confined to the p -region (660-%%0) MeV, The hatched
distribution represents the Monte Carlo generated background (see text)
normalized according to estimated p‘ cross sections,

b The dilference between the two distributions in a). The arrow indicates

the separation point,

Fig, 7 M 7y distributions of events for which M_(N#m > 2250 MeV, where
M“ (Nmm is the mass of the (Nem-combination with minimum momen-
tum transfer, The full curves represent the best fits of a background +
Breit Wigner terms of po and f°. The broken curves show the fitted

background terms,




Fig. 9

Fig, 10

Fig. 11

Fig. 12

The isospin cross sections and the interference torms s functions of

the free parameter x in the mterval to which e confined, for

a4) single exchange isospin diagrams

b) double exchange isospin diagrams

The contributions F(M]x) and oM7) to the totd cros- =rction _:.1

I

11,

Cross sections as functions of the beam momentunr o

a) 01-

(pp p(ppu)) from tuble 3

b) 01 = (pp — p(l)fn)) from table

The c¢ross section 01 = (pp

-1

ing phase space modified cross section ni as function of the beam

momentum. The curves represent the fit to the modificd cross sec

tions 01' in the double peripheral seheme csee tonty

Results from the fit to all phase space modificd cross sections of

for single p production. The contributions I, |

the total cross section

]

Ly
i1

1

01

10

(i

i

i
1

(8]
Cope ) from tabde S oand the coreespung
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TABLE 1 Results of the fits to M(mm of fig. 1 for p-production

mass m width T N cross section
Reaction {MeV) © (MeV)0 X. /ND (ubh)
) pp - ppr A 770 150 23/25 150 + 21
(B) pn - ppm T 770 150 33,29 139 + 19
«) pn - pFan'n‘ 770 150 24/25 100 - 24
(D) pn - anFn'n’ 770 150 33/29 92 + 20
TABLE 2 Results of the fits to M(T 1) of fig. 7 for { -production.

The cross sections are corrected for unobserved decay modes.

mass m width T cross section
Reaction MeV)’ MeV)’ X, /ND (ub)
(A) pp - ppm M 1270 200 43/30 61 + 20
() pn - [)FHBTT“IT— 1270 200 26/30 84 + 33
(D pn - anFnW' 1270 200 30/30 36 + 16
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TABLE 3 Cross sections in uyb for single p production.

P, (GeV/c) 4.0 5.0 5.5 6.0 6.6 6.9 7.0 30 10. 120 13.1 16.0 19.1 20.% 24.0 24.8

Reaction -
refs T IY L VU T L P ST P TORPN N  RE T 2;‘;‘ 23? w 24P
. . 0, 55 70 35 0% 49 65 1009 114 96 wo® 619 63 629
1 PPy ~ P3(PyP #15  +20 425 25  +10  +20 +20  +19 14 +15 S0 15 10 15
. 36
Oy PyBy = PglR,P ) +17
o - 53
3 P4y ~ P3P )P, +10
o 50
0, P40y ~P3m,0) 1 -12
o.p,n, ~@p 50 16
5 Py ~ (030 )P, - 15 10
o, +0 706)
2 % 540

a) Obtained from the World Collaboration DST [11}, as events above handdrawn backgcound after applyving the mass cut described in
section 3.2

b) No po-production claimed

¢) Obtained from The World Collaboration DST {11, ir the same way as at 19 GeV/c, see section 3.2.

d) Ref. 217 reports (70 + 20) yb. (160 + 30) ub is obtained as events above hand drawn background in the (n*n«)—mass plot of ref. 210,

9
e) Ref. {187 reports (25 - 70) ub for ltN1s 0.5 (GeV/c) ; t. = momentum transfer to any of the nucleons. (70 + 40) ub is estimated by us.

. O . . + - N . .
f) Reports evidence for some p produciion in pp —=pp?7 7 , but no cross section given.
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TABLE 4 Cross sections in ub for single £ production. The cross sections are corrected for unobserved decay maodes

Piap (GEV/©) 6.0 6.6  56.92 .0 10.0 12.0 19.1 21, 24.0  24.x
Reaction e
refs 13 18 1= 19 20 - IS 5y . a3
£Xp.
a i .
. o) 10 . 554 90™  5x 39 31 35 70 32
1 PiP2 T PyPs “15 =12 =25 =30 23 <12 -10 =20 ~10 19
o 42
Cy PRy = Py B,1) 19
. 1~
T3Py ~ ‘“afo)pz : .

a) Obtained from the World Collaboration DST 11, as events above handdrawn background after applying
the mass cut described in section 3. 2.




TABLE 5 Intervals of the isospin cross sections and of the interference terms

(in ub) for single p production at 19 GeV, ¢ in the single and double

exchange representations.

Single exchange

Double e¢xchange

! my (ATH 24y - (36 - 17)
: m, (221 + 27) - ( ~0 - 30)
m, (8- H) - (297 * 56)
mg, (-106-32) - ( 41 + 11)
mog 22 + 20) - (-49 - 19)
m, . (-41 - 23) - ( 30 + 20)
601 (-.52-.13)- (.77 +.13)
E03 ( .H1+.40) - (-.47-.18)
£ (-.99-.07) - ( .20+.15)

-
(24

01
m

10
m

11
m
01,10
01, 11

10, 11

g B8 8

[~

1,10

T

1,11
10,11

w ™

(175« 24) - ( 36 - 13)
{10+ 6) - (151 - 23)

207 v 50

19 - 11
(~100 - 3%) - ( 73 + 11)
(- 45 - 10) - (129 - 34)
(0.46 ~0.32) - (0.25 - 0.17)
(0.52 - 0.13) - (0.8 + 0. 14)
(~0.99 - 0.64) - (0.73 +0.11)
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10, 11

TABLE 6 Isospin cross section terms (in yb) and the normalized interference
term ¢ for single {* production at 19 GeV/c. For notation, see text.
Crouss sections
m = m 32 + 11
1] -
m 1 m“ 41 + 18
1 K}
1 00,11
mo, 7R m 8 +16
00.11
= 9 E
501 £ 0.23 +0.145
F ! 64 + 22
0 -
F, - rlt 27 + 12
TABLE 7 Results of the fit m" = kij plag ) Bij,kl: = constant, to all
p production cross sections modified for phase space effects,
in the double peripheral representation, kij are the
cross sections at Plab™ 1 GeV/c in mb.
2
x /ND = 16.7/11
Bo1 -0.40 +0.20
- +
n, 1.0 +0.1
n“ ~-0.82+0.30
Koy 0.38 +0.20
k10 4.0 +2.0
k“ 4.6 +4.0
601,10 0.3 +0.4
ﬁ01,11 0.03 +0.2
B 0.6 +0.2
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