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ABSTRACT

New data on the ractions pp - ppp , pn • pnp and pn pj>p and new data on

the reactions pp — ppf and pn — ppf at 19 GeV/c are used tu study the reac-

tions NN -NNp and NN - NNr in terms of isospin amplitudes. The results

are compared to the results of a previous analysis uf 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 e

are used to study the energy dependence of the amplitudes.
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1. INTRODUCTION
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t. MKTston e r Å\\V»YSIS

.As in single pn>n pro»ku. tion three isospin amplitudes are necessary and suffici-

ent to describe single o production in NN collisions. For single i production

two such amphtu les ;m sufficient. The set of amplitudes may be chosen in a

variety of unys. and 'he different sets are equivalent and related by linear t rans-

formations.

For single pion production we used in ref. [ t ] a representation in which the t-

channel exchange carries isuspin I and the produced meson and one final state

nucleon couple to a system with isospin I. This is a convenient choice when the

secondary particles are peripherally produced as in the case of single pion pro-

duction at high energy. 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 kinematic-til subsystem. Since the production of p and I shows a

peripheral structure at our energy, this representation will also be used in the

present analysis. However, the degree of peripherality is somewhat difficult to

ascertain because these resonances reside oD 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, I

and I .

i

Using the representation >>f fig. l a , the symbol M denotes the amplitude for t-

channel exchange of iyospin I with production of a p-nucleon cluster of isospin 1.

If charge-symmetric reactions are disregarded we have seven independent nucleon-

Bucleon reactions leading to the production of a p meson. The cross sections for

these reactions arc given by the isospin amplitudes according to the eqaations

ia-lg f2l:
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The internal parenthe&ea indicate to which final state nucUon the p is associat-

ed. Kiikunatical factors are included in the amplitudes and the integration over

dR stand* for summation of belicities and integration over a region of phase

space. Tba relations are of course identical to those for single pion production,

but since the p is observed by its decay products, different charge channel.-, arc

observable for ff and 0 production.

We will in the subsequent analysis use only total cross sections, ).<>. 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 us fol-

lows:

m.

m.

.2
• dit

; <Re(Mj*2 M J / 2 , >dR, mJ3 «j* < 2 M J / J 8 ) > rill



Thosi <|u:inti!iis u r eoiwiaiiwd by the following inequalities [2,

m t>. m • 0 . in - 0
"' 1 3

(3a)

; moi moi
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m

0. (3b)
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mo l m, m13
(3c)

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

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

choose the interference term m as a "free" parameter (i .e. constrained only
13

by the inequalities 3a-.'ic), and the other quantities (2) are then given aa linear

functions of m as follows:

(4a)

m. (4b)

<4C)

(4d)

m03
(4e)

(4f)

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

by the region to which m J 3 - x is constrained by the inequalities (3a)-(3c).



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

double peripheral scheme given in fit;, lb , where the corresponding n

M01. M10 «Kl M11 are defined.

It should be pointed out that the exchange i of the single ;x'riph<-ra! rt-pn menta

tion corresponds to I of the double peripheral representation.

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

10 1 1 2 1
3 1/2 " 3 3/2

?«:* - • /?-;

»a)

15b)

3/2

The relations (5) are given in ref. [4], bat with a different normalization of the

double peripheral amplitudes, denoted P, Q and R respectively. Th. relation

between the two sets of amplitudes is M01 -\/\\>, M*° - i / f Q and M11 3K.

In terms of the cross sections o - 0 and th3 parameter y - m

the following expressions for the integrated quantities:

m
01

01
10

m
11

p 1--01 (2 . ._ /It 3J<|M I >dR-y-y+-(2a l

J<|M10|2>dR=/fy.f(2a3-

X<!M»|2>dR-|as

2°4 ' °5>

one gels

(6a)

(Ob)

m
01,10 *M10)>dR = 7(

m0 1 '1 1 «J*<Re(M01 l l " ) 4 °'i ¥ CT3 " °\ ' ar? <6c)

m (6f)



The cross sections (t.,i> i<»0 of course fulfil inequalities similar to those for the

single peripheral representation.

We note that in thi.- 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
7

from the various amplitudes to the total cross section I o., since this would be

a measure of the relative importance of the corresponding exchange mechanisms

for the protesses considered. These contributions, F(Hrx) and F(M * 2) for the

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

expressions:

21 •;
21 +

X

- f | M X | :
dR

1F(M
(21 + i ) (21 , , + 1 )

(7.1)

(7.2)

I.I
The normalization chosen

7 I I . I
sen is such that ,E O = £ F(M ) = II F(M " ) .

x 1 2

With obvious short-hand notations for the contributions F we thus have:

7

2.2

Referring to the peripheral isospin diagram of fig. 2a, we define the amplitudes M

for single i production in the same way as in the case of p production, Since f°

is isoscalar, the isospin of the mtcleon-f0 system must be I « — and two in-

z
dependent isot.pin amplitude» MJ /J? and MJ/j? »re necessary and sufficient.J / j ?



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

channel a in NN reactions leading to NNf final states. The relations between

the cross sections and the isospin amplitudes are:

( -C)

The notation and conventions are the same as for p-product ion in section i.\.

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

1 . 1 * (9a)

= 4°3

<9c)

Finally we torn to the dooble exchange diagrams shoMi in lig. 2b. and denote

the isospin amplitudes by W* 2 where 1 and Io refer to the isospins of the

two exchanges.

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

amplitudes is

V2 M

(10a)

(10b)

I I I
x ) and F(M ) to theSince I is an isoscalar particle the contributions

3
total cross section I. a. are equal for the two sets of amplitude» and they are

given by
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3. EXPERIMENTAL INFORMATION

The present analysis is based upon data from the Scandinavian 19 deV/c pp and

pd bubble chamber experiments. From the pp experim'-rJ dati on the channel

pp -* pp W IT are needed, and these data are obtained from ;iO7* events f<>r Uu^

reaction. Further details about this reaction and the pp e\p< riment aru f.mnd in

ref. [5-7] . A cross section for the reaction pp - ppp ;uui ,i revised L•> j i ros.'-:

section for pp -• ppr 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 ooo measun-d

events, which is the part of our deuterium film (ca. 70 ,) analysed uniii n->w.

The scanning, measuring and reconstruction procedures have U-en di\-u.-rilied in

ref. [ l ] , and we give only those details that are of particular importance tor the

determination of the p - and f -production cross section».

The events have been fitted to the following final states:

pd — p p it
spec

pd - p p IT ir p
v K K *spec

pd -* p n TT w p
spec

-• p p IT it n

pd -• p d ff IT

pd - p d IT IT ff

pd - n d f IT IT

spec

'a)

(b)

(cl)

(c2)

(e)

The spectator Is defined as the nucleon with the smalleHt laboratory momentum.

and channels (ci) and (c2) are thus identical except for the labeling of dift'errn!

nucleons as the spectator.

Of the kinemttioally acceptable hypotheses only those consistent with Hie ohserv

ad track bubble danilties w«re retainod. To purify the .sample further, additional

criteria ware applied a a described in ref. [ l ] , but still >M. :IU \ of the events

had ambiguous interpretations. The ambiguities have for the purpose ot ( xt in
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- o + -
a n 'näbb- sample of the reactions pn - pptr IT and pn - pnir ff been treated in
the following w:»y:

1\ llv;.n!nsi>s competing with (a), which is a 4C hypothesis, are rejected.

_') An event with an ambiguity befveen a coherent and a non-coherent hypothesis

is classified .is eoheiont if it in a 4-prong event, otherwise both interpreta-

tions arc accepted with proper weights.

3) Amhigui'H - iietwcen the if -channel (b) and the neutron channel (c), and al-

so the internal ambiguities of channel (c), have been resolved by favouring

the hypothesis with the most peripherally produced nucleons.

There is nl.-o the possibility of wrong assignments between the proton and neutron-

spectator channel.-, (ci) and (c2) where we choose as the spectator the nucleon
f- _

with the smallest momentum. From the channel pp -> ppff tr observed with hydro-

gen target r~>- i , 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 always make the right choice but only that there is no net flux from either

channel.

The above procedure resulted in H10 accepted events for the it -channel (b) and

:i(JG4 events for the neutron channel (cl), when a probability cut of 10 % has been

applied.

3, _' Cross sections

To evraet in-c f»ti cro'v ;< elions from the corresponding pd cross sections

we rely on the spectator model procedure as described in our earlier report

[ 1 ]. A •> i correction for (Jltuber screening has been applied. No correction

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

In fit.,. ' we ,-hnv, the effective ma?s distributions of the two pions for the follow-

ing four channels of interest:
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pp - pp ff ff l,\)

- < l

p n — p p ff ff i B)

pn - P p . " . . ff ff <c")

F a n d B l a b e l t h e d i r e c t i o n s f o r w a r d and b a c k w a r d in th< I 'M s y s t e m r»-i;tt i> c- i•>

t h e b e a m d i r e c t i o n .

A p s i g n a l i s c l e a r l y s e e n in t h e r e a c t i o n s i B ) , ;C) and d» w h i l e it n . r> :i«.-tion

(A) a p p e a r s a s a s h o u l d e r . T o s h o w t h a t o and f p m d u r i i o n i -xis t a n d ; > • ,<iu

a t e t h e c r o s s s e c t i o n s , d i f f e r e n t c u t s t o t h e d a t a h a v e b e e n a p p l i e d m <ni o .»no

f c a s e s a s d e s c r i b e d b e l o w .

a . 2 . 1 p c r o s s s e c t i o n

In f i g . 4 t h e s a m e t w o - p i o n m a s s d i s t r i b u t i o n s a s in f i j j . U a r c d i s p l a y - i w i t h tin-

a d d i t i o n a l r e q u i r e m e n t t h a t t h e M (N + 2ff) m a s s ; s abovi - 175U McV ; . u l u - r i -

M (N *• 2ff) r e p r e s e n t s t h e m a s s of t h e <N + 2Tr>-combin; t t ioi i w i t h t h e m i n i n m m

m o m e n t u m t r a n s f e r . T h e p-signal i s n o w c l e a r l y s e e n a).so in t h e r e a c t m n

p p - p p ff ff .

To obtain the cross sections for p-production in reactions (A)-(D), we have fitted

to the mass distributions of fig. 4 an incoherent sum of a relativist ic fire it Winner

term and a peripheral background term. (For the ir rr 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 transverse

momentum cut-off, leading particle effect and pronounced resonance production.

This peripheral phase space describes all relevant distributions well, in particular

the low mas» peak of reaction (D) as seen from the curve of fi^. :Sd. 1 he values of

the central masses and the widths of o and i were fixed to those of tables 1 and 2.

The results of the fits are given in table 1. The best fits are shown us full curves

The Breit Wigner amplitude squared is parametrized as

- « .'I'."! wttr.r^t.V*" -,
2 2 2 2 "' 0 M o

Iivi - m . ) +m i 0
0' 0



<li:rw> '••• til. i ! i : i^ n! <is uf fit;. I, and the broken curves indicate the fitted back-

ground t e r m - . \ o ' >i i r i ! i..n h a s been applied to the p c r o s s sec t ions to account

for thf effect of the mass out.

It should !>• puintrr out that in the channels where similar fits easily can be made

to the unni' i i i>- -ii>t ributions of fig. 3, compatible results are obtained.

As (lesi-rihfi! m si HI ion 2 ww produced p must be associated with one of the final

state rv.u'lr, ,n- to obtain the cross sections needed for the isospin analysis. To

show to .vh.i' intent p actually clusters to one of the nucleons, we display in

fit;. '•> the I) Hit/ plot ..f M"(p ir if ) v e r s u s M"(p ff it ) in channel (B) where
i' B

the i ff ff )-in;i.-s is r e s t r i c t e d to the p interval (G60-860) MeV .

Although the background events to some extent hide the structure of the events

with genuine r. prodtu-t ie:,, t ho re is a clear tendency for the produced p to be

nssociiti il with one of the nucleons. Similar features are seen in the other three

channel .

Froir 'he ilffuii' ions of o - ar in section 2, we see that O is simply half the

cross section for p production in reaction (A). From charge symmetry it is

clear tint the renctions with p production in channels (C) and (D) are the sums

of hvu i ii;u-;e vmmeti K reactions where p is associated with one of the nucle-

ons. Therefore the cro. sections o, and a, may also be obtained as half the
4 5

• toss .u etions for p piuduction in channel (C) and (D), respectively. However,

to evaluate cross sections a and a one has to define some way to associate

the p with either 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. [ l ] a new procedure was

adopted in which the distribution of cos9 of the produced pion in the CM system

was used to associate the meson with one of the nucleons.

We have therefore plotted in fi». C the distribution of cos0 of the (ff'ff )-

system from reaction pn -ppir ff where the (v'lt )-mass is confined to the

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

by the Monte Carlo generated events discussed above. These generated events

describe the t'"89^»» distribution of the events below and above the p-band very

well. The arrow in fig. Gb, where the subtracted distribution is plotted, indicates



t h e s e p a r a t i o n p o i n t . T h e r a t i o b e t w e e n t h e n u m b e r <>f e v e n t . i p r o d u ^ i - d >>v. t i n

b e a m a n d t a r g e t v e r t i c e s o b t a i n e d in t h i s w a y , i-> t h e n U M - I I i n d e i n t t h e .. n> . .

s e c t i o n s O^ a n d a, f r o m t h e v a l u e o f a , a , = c n p n -• p | . C • ,u i \«-n in t; ibi<- 1

T h e c r o s s s e c t i o n s o - o r c o m p u t e d a s d e s c r i b e d a b o v e , . i i i ; L ; U I - U m ' .-ibli- ..

t o g e t h e r w i t h c o r r e s p o n d i n g c r o s s s e c t i o n s a t o t h e r e i i ' i v . . I I" w i - o v > a i <•

t h o s e f r o m t h e f i t s . T h e c r o s h s e c t i o n s a t o t h e r e i i i - r ^ n ; .ir>

t i o n .;.

» u. -f(i m

3.2.2 f ° ccross sections

The c r o s s s ec t i ons for s ingle f product ion a r e obtained Inni i ri-jictions i.\i it »

;md 'D) above , and the c o r r e s p o n d i n g 1\ IT m a s s d i s t r i b u t i o n s ;ii»- shi>-.wi in fij^. 7

with a s i m i l a r t h r e s h o l d cut a.s was applied for p -p io<lu i t mr,. i,i . <>niv i ' \ cn l s

with M ( N •• 2ir) • 2ur>0 MeV a r e accep ted .

Although the s igna l s for f p roduc t ion a r e r a t h e r weak in t h e s e p l o t s . « c ii.ive

m a d e s i m i l a r fi ts to the m a s s d i s t r i b u t i o n s a s in the p c a s e . In the fit.-. we used

the v a l u e s of the c e n t r a l m a s s e s and widths of f and o that a r e given in lal«U-s

2 and 1 r e s p e c t i v e l y . The r e s u l t s of the f i ts a r e given in tab le 1 and ;i> In!! t u r . c -

in f ig. 7 . The broken c u r v e s r e p r e s e n t the fitted background t e r m s HM-II for (fn•

different r e a c t i o n s .

T h e c r o s s s e c t i o n s needed for t he i sospin a n a l y s i s O -a, a r e s i m p l y obtained a*

half the c r o s s s e c t i o n s found in the f i t s , and a r e given in I able 4 t o g e t h e r with

ava i l ab l e data at o t h e r e n e r g i e s . The e r r o r s of the c r o s s s e c t i o n s a r e those from

the f i t s . All t he c r o s s s e c t i o n s in t ab le 4 a r e c o r r e c t e d for u n o b s e r v e d decay

m o d e s of f (branching r a t i o of i -it it to all i s (ii5 ' >) , 1 10 ! ) .
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The fivi- cr-s^ sections c - a of table 3 at 19 GeV/c were used in equations (4a)-
! .i

i!f) t.» t un I Mu intervals to which the isosoin c ross sections m - ra are con-
K) i «5

strained )>v tli>- inequalities ;;»a)-(3c). The results are Riven in table 5 and the er-

rors ntinch-'1 d> the intervals stem from the errors of the observed cross sec-

tions. UV mentioned in section 2 that it would be interesting to discuss this reac-

tion also in :!ic double peripheral representation. The relations (6a)-(6f) were

use,] i,, , aK u!ite the corresponding intervals of the isospin cross sections of the

double i. <i h U!;M' diauranv-. The results are given in table 5 together with those

for Hie .single exchange diagrams. The same resul'1 are also displayed in fig. S

where we 'inv ; lotted the different isospin cross sections as functions of m
10 11

anil :n

FolloAiti" iff. 1 "; we introduce the normalized interference t e rms $ . defined bv
ij

i r r i i l l 111
h ij i l

for single eK.hanRe diagrams. :ind in a corresponding way for the double exchange

diugrrtrns. We note that | ".. | ^ 1, and that the values of these normalized inter-

ference term- ire determined by the coherence of the amplitudes and by their

relative phase. The intervals of the B's are given in table r).

We will m>v compare t he so results with those obtained earlier for single pion pro-

duct ion in ferms of the isospin cross sections and the normalized interference

terms.

Fur Ih' single exchange representation we recall that the main results were a

clear dominance of the iso.-.crilar exchange cross section m , and that the normaliz-

ed interference terms t t> :md r were close to zero while 8 was large in map-

nituflr and m^iiiivo. It is clear from fig. H and table r» that m is not dominating

in p production contrary to ihe pton case. The normalized interference terms

arc seen lo Iw essentially undetermined. Transformed to the double exchange re-

presentation th

in the p case.

presentation the cross section m = m again dominated in the pion case but not



To present Ihe relative importance of the different amplitudes wc ph>t in fm. ;i

• he contributions F(M x) and FiM 1 -) In the total c ross section n . I >r the

double exchange diagram we also plot the sum F - \ :ia < '.\0 . Sine

F ~ 30 , both F and the Ktim F + F arc constants, independent of the.

variable y c ra ' . From fig. 9b, where also the error.-- a re indicated, ,M ob-

serve that F has a significantly lower c ross section than F K . Thu - de-

scribing the reactions N N - Nr (N p) in a double peripheral diagram, tin- ;nn-
1 2 ti 4

n l i t udes with double i s o v e c t o r exchiinge a r e l e s s impor tan t at 10 (",c \ ;• timri !!>•

a m p l i t u d e s which include i s o s c a l a r e x c h a n g e . T h i s t endency v* u s . hnu ive i - much

strongt1 r in the c a s e of s ingle pion p r o d u c t i o n .

T h e c r o s s s e c t i o n s a , a and a of t ab l e 4 at 1!) G e V / c w e r e used in (in-
1 2 3

t ions (8a)- (8c) to find the i sosp in c r o s s s e c t i o n s m and m ;ind !h«- i n t c i l e r e o

t e r m m . T h e v a l u e s a r e g iven in t ab l e 6, w h e r e we a l s o give the value cf the

n o r m a l i z e d i n t e r f e r e n c e t e r m B . T h e v a l u e s of the c o n t r i b u t i o n s FiM y ) !.>
3 01 1 .:

the total c ross section .£ a. are given in table fi, with obvmus shorthand notation.

As can be seen from table (i, the two isospin c ro s s section contrit>uiion* !•' urn!

F are about equal, with F slightly larger than F . We also note th.it the nor-

malized interference term p is small . The relatively lari'c e i i o i on these

quantities do not, however, allow any firm conclusions to IK1 drawn.



KNKKCV !>! PKNDEN'CE OF THE AMPLITUDES

5.1

The cross sections for single p production in pN-collisio.s in the momentum

range 4-25 CoV/c are given in table 3 and fig. 10. As can be seen most of the
o

cross sections are for the reaction pp - ppp , and only very few cross sections

for p-product ion in pn collisions are available. In the footnote of table 3 it is in-

dicated that Mime of the pp cross sections are published ones, while the others

have been extracted as described in the footnote of table 3 by ttSiBK the World Col-

laboration Data Summary Tape on the reaction pp - ppw w [ i l ] . In some of the

pp experiments, for which we now give the cross section a., 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

a -a at 19 GeV/c (this exp.) and o and o + 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. [ l ] and assume 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 total fit 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 [ l ] ,

m. = k. p, ,
i i ' lab

(12)

constant

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



therefore restricted ourselves to primary momenta above r. CcV'c. For p produc-

tion the phase space effects are appreciable even for higher energies than <i r . t \ ' /c.

and we therefore choose to "correct' for the phase spare fff»-ct.-> by writing 2?> j :

CT = a» . (P°ase space volume)
i i constant • p, .

Hab

where o are the observed cross sections and the constant is elvisen Mivh ihni
i

the phase space factor

phase space volume
constant • p, .

lab

tends to 1 as p — «>. The primed quantities o! 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 p and the corresponding modified cross

sections a' . It is obvious that the results of the subsequent analysis to some ex-

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 a.' but

no fit was obtained.The reason for this may be that the pararnetrization 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 food fit to the single pion production data of ref.

[ l ] . 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 value» of the

1'•• fitted perimeters as well as their errors depend critically on the few pn

cross sections given.

B. The isospin cross section m has a weak energy dependence.

The term m , which is equal to the isoscalar exchange CTOBB section m of

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



cm 'ivies. Kroiii the weak energy dependence a pair of exchange trajectories
01

including , F ' p | is expected to contribute largely to m also in our ener-

ev ranee.

C. The i.-ospin cross sections m and m have about equal energy dependence

(the slope parameters n-^ -1) and F(M ) is the dominating contribution. The

observation that the lsospin 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 I corresponds to the ex-

change I of the single peripheral representation. Taking the peripheral na-

ture of the reactions into account it then follows that the trajectories corre-

sponding to I must have a higher intercept than the ones corresponding to I .

This must obviously be true for m since it is the leading terra but must

hold for m as well since one cross section a. depends exclusively on m

1'ossibU- pairs of exchanges like (ir + UJ) and (A + u>) for ra and ip + p)
11 11

and (tr x A ) for m are thereby not allowed. Equal intercepts for m is

nl.so 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 ' TJ and A + n as the most probable dominating exchanges for m
11

and m respectively.

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

PO1 11 an(' Cio l i ' a r e ' a r £ e i n maRn'tude and with opposite signs.

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

p production [*, 18].

ttlobel et al. [*] have used pp data at 12 and 24 GeV/c and performed a double-

Regge analysis of the channel pp -• ppp . From the energy dependence of their

cross sections they can exclude a dominating pomeron contribution in accordance

w.th our observations. In the CM rapidity of p they further observe a dip at

y - 0, They conclude that vector meson-like ( ui) and pion-like (17) trajectories

should br tl\e dominating pair of exchanges; ( u) and ir stand for trajectories with

intercept a(o) » 0.5 and or(o) -« 0 respectively).

From equation» (6) one can see that m and m have equal contributions to the

cross section a(pp - ppp°). Our results are therefore in fair agreement with that



of Blobel et a l . , p rov ided t h e i r v e c t o r m e s o n - l i k e an<i p ion- l ike t raj» - i i i . ru s H I

taken a s p and rj r e s p e c t i v e l y .

At 7 G e V / c Yekut ic l i et a l . . l ^ j d i s c u s s t h e m e c h a n i s m for M I I ^ ! ' - f, pi-.-iKn-ti.-n

in pn c o l l i s i o n s and conc lude tha t a d i a g r a m with double isov**eti>r t-M-h:»nne e \

p l a i n s t h e p r o c e s s . T h i s d o e s not a g r e e with o u r r e s u l t s >IIH-<- it»*- i mil r i lmlion t<>

the to ta l pn c r o s s s e c t i o n .. or f rom m is l e s s rh.-iti ;>>> at 7 <,<-\ c n n -
l -2 i

terference t e r m s neglected).

When we compare the present resu l t s for p production with tL»»1 for pion | n « : w -

tion v 1 ] , we see a c lear difference in the contribution fi-«.m single isosealar <•>,

change to the two p roces se s . For single pion production the isoscnlar exihan^e

was found to be the leading mechanism above 7 GeV/c, ;in<! sui te F(M ) 1 |M ')

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

3.2

The available cross sections for single f production in pN culli.sions arc

in table 7 and for completeness also plotted in fi^. lo ;is function of tlir beam n»o-

mentum. The footnote of table 7 tel ls which of the pp c ros*; sm ti<>ns are found in

the literature and which have been extracted by us from the World DST i l l ] .

Primarily because of lack of statistics the errors of the cross sections an- relati-

vely large for most of the experiments, but still some discrepancies .seem to exist

between the cross sections. It is interesting to note that cross sections for f

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 to obtain the energy dependence

of the cross sections for the two possible exchanges, i . e . th«> double isovec-tor

and double isoscalar exchanges. Particularly interesting would it he to .sec if there

is any indication of double Pome ron exchange [ 8 ] . The fact that pn cross sections

exist only at one energy eliminates the possibilities of a fit with the pnramctr)/.;t-

tion indicated.

01 10 2 0 1 , 1 0 1 11 2 , / ' 2 10 ,11



I i,i ii;u of t h i - paper is to use the method of c r o s s channel i sospin analys i s to

rhsou.--- iln '<•>. ham sin • >f s ingle p and f production in nucleon-nucleon c o l l i s i o n s .

We present data on single r> and f production in pn collisions at 19 GeV/c. Cross

sections foe Uu re notion pn - pnf have not earlier been published. Some cross

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

tion 1)̂ 1 11 j on the reaction pp - pp It It .

The analysis at It) CeV/c. performed both in a single and in a double exchange r e -

present at i on, does not allow us to decide if any isospin amplitude dominates the pro»

cess of simile p ami f production at this energy. It shows, however, that when

the proee--.- is considered in the double peripheral representation, double isovec-

tor exchange play- a minor role for p production and that both double isovector

and double isoM'alar exchange mechanisms seem to contribute to single I produc-

t ion.

To determine the energy variation of the isospin cross sections and the interfer-

ence terms, using all available data, we have parametrized the isospin cross sec-

tions as power laws - p t ' and the normalized interference terms as constants
lab

(eq. 12). In the case of f° production too few pn cross sections exist to deter-

mine the parameters. In the o-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 below 25 GeV/c the result of the fit leads to the fol-

lowing features concerning the production amplitudes:

i The (1 0,1 i)-amplitude, corresponding to single isoscalar exchange in

the single peripheral representation, is not dominating and has a weak energy

dependence in accordance with isoscalar exchange being Pomeron dominated.

ii The two other amplitude» (I - 1,1 = 0) and (I = I = 1), which are related

to isovector exchange in the single exchange scheme, have about the same

energy dependence (slope parameter n s -1).

iii The (I 1,1 = 0)-exohange is the leading mechanism compared with

"l '2 " 1)-exchange, and could be dominated by (p + ^-exchange.
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Interpreting the results in the single peripheral representation, ••.>.« im<! that the

isoscalar exchange mechanism plays a less important*- n.jc t'nf single p than fur

single n production in the energy range eons uh* red.

More data, especially for the pn reactions arc needed in order to reiu-h more de-

finite conclusions concerning the exchange mechanism of .single p producl'mii in

aucieon-nucleon collisions using this type of analysis. For single f -pi oikutlon

new cross sections from pn-reactions at other ener^u*.'- than 1'.) (le\' <. :u'e neces-

sary to obtain the enerj^y variation of the isospin crush st-ction.s and possilih iso-

late the leading exchanges.
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l ' i : , . i i u fimiiiiii nt the cross channel isospm amplitudes for the reaction

N, \ • N , ( N , p ) for
1 .' .> i

0 pillule exchange d iagrams

'•i double exchange d i a g r a m s

I'm. . I in -.uiie as fig. 1 for the reaction N,NO - N iN f )

Fin. .: Mass distributions MITTTT) for reactions (A)-(D). For reactions (B),

(.) arul tl>) a probability cut of 10 '',' has been applied. The curve for the

u i c t m n pn p n rr TT represents the Monte Carlo generated events

iMi- te.vu, including a Breit Wigner representation of p , (two pages).

Fii;. ! Mirnrt distributions of events for which M (Nnff) •'• 1750 MeV, where

M NTTTT) is the masb of the (Ntnr)-combination with minimum momen-

tum transfer . The full curves represent the best fits of a background -

I'.re it Winner t e rms of p and f . The broken curves show the fitted

IP.II I.ground t e r m s , (two pages).

•' - o 2 - o

Fi',r. p D:dii/ plot of M"ip ir v ) ve rsus M (pDff V ) for the channel
I1 B

pn • 11 ,p ,77 rr when- p and p label the protons going forward and
I I ) r 1>

hrukward m the CM system, respectively. M(7T n ) is confined to the

n 'vtfii.n (<>i>o-sso) MeV.

l-'i:1. '• i» l»i-,t ribution "t ('oh6 of the (v v )-system in the reaction pn -pptr tT ,

win MI MITT -n') is confined to the p-region (G60-**0) MeV. The hatched

distribution represents the Monte Carlo generated background (see text)

normalized according to estimated p cross sections,

li) Tlu- difference between the two distributions in a). The arrow indicates

the separation point.
Fig. 7 M(ff v ) distributions of events for which M (Ninr) ? 2250 MeV, where

M {Him) is the mass of the (NiflT)~combination with minimum momen-
o

turn transfer. The full curves represent the best fits of a background +

Mreit Wignei- terms of p and f , The broken curves show the fitted

background terms.



Fig. 9

Fi;4. SO

The i sosp in c r o s s s e c t i o n s and the i n t e r f e r e n c e I' rm-, a.-, functiuu.i uf

the f ree p a r a m e t e r x in the in terval (•• which •. L-, cwufined, fo-

a) s ingle exchange i so spin «lia^

b) double exchange iso.spin diagrams
I I.I i

The contributions F(M ) and FiM ~) to the tot.d * 1 1 < > * • . . a

C r o s s s e c t i o n s a s functions of the beam m o m e n h u r fcr

a) a (pp • p(pp )) from table :>
o

b) er - (pi) - p(pf )) from table i

Fig . 11 The c-ross s ec t ion a = (pp ; (pp )) from tal.le .1 and tin i m t «>.|.M

ing p h a s e s p a c e modif ied c r o s s sec t ion a ' a.i function uf the i>c,tn

m omentum. The c u r v e s r e p r e s e n t the fil l>> ' h e moiiifuii eri •>-• s c

t i ons a' in the double p e r i p h e r a l s c h e m e >>.«• text) .

Fig . 12 Resu l t s from the fit to al l phase space modified 11 >sh s ec t i o n s n:

for s ingle p production. The com r i lwt ions I* , I' ;iinl l ' \<<
7

the to ta l c r o s s s ec t ion "' a1

i I i



TA Bl.K 1 Results nf the fits to M(ffir) of äg. J for p -production

Reaction

(A) pp -

i B) pn •

(C) pn -

(D) pn -

PPir tr

ppff IT

P F V
 V

V F » V

mass m
(MeV) °

770

770

770

770

width T
(MeV)°

150

180

150

150

XVND

23/25

33/ 29

24/25

33/29

cross
<t

150

139

100

92

section
ib)

t 21

i 19

: 2 4

+ 20

TA BI,K 2 Results of the fits to M(ir v ) of fig. 7 for f -production.

The cross sections are corrected for unobserved decay modes.

Re;

(A)

(C)

(D)

iction

pp •

pn -•

pn -

ppff If

PFnBirV

f r TT"

mass m
(MeV)°

1270

1270

1270

width r
(MeV)°

200

200

200

X./NO

43/30

26/30

30/30

cross section
<Ub)

61 + 20

84 + 38

36 + 16



TABLE

Reaction

' l P1P2

°2 P1B2 •

3 Cross sections

P l a b(GeV/c) 4.0

refs 12

, <x 55a )

" P 3
( P 4 P > +15

in jib for

5 .0

13b>

70 a )

+20

single

5.5

14

35
+25

p production,

6.0

15b>

70 a )

+25

6.6

16

49
+10

6.9

17

65
+20

7 . 0

I S

H.O

19b>

iooa)

+20

10-

20b>

114
+ 19

12.0

«

96
+ 14

13.1

21

±15

16.0 19.1

exp.

75

•*6

+ 17

21 . H

23b>

64C )

r i 5

24.0

H

63

±10

24.8

24b>

62C )

53

P1D2 - ) P 4

11

50
15

50
M-'

46
MO

70
+ 40

a) Obtained from the World Collaboration DST [11], as events above handdrawn background after applying the mabs cut described in
section 3.2

b) No p -production claimed

c) Obtained from The World Collaboration DST [11 ] , in the same way as at 19 GeV/c, see section 3.2.

d) Ref. [21] reports (70 + 20) jib. (160 + 30) jib is obtained as events above hand drawn background in the i v v )-mass plot of ref. . 21 ] .

e) Ref. [18] reports (25 - 70) jib for | t N | « 0.5 (GeV/c)"; t = momentum transfer to any of the nucleons. (70 + 40) yb is estimated by us.
o + —

f) Reports evidence for some p production in pp -ppff v , but no cross section given.



TABLE 4 Cross sections in jxb for single f° production. The cross sections are corrected for unobserved decay mode*

Reaction
(GeV/c)

refs

6 . 0 6 . 6 o . 9 2 x . O 1 0 . 0 1 2 . 0 1 9 . 1 2 1 . - 2 4 . 0 2 4 ,

1 5 1 6 1 - 1 9 2 0
e xp.

23 24

P 1 P 2 "* -15

_ ii)
»>0 5H 3 9

- 1 2
31 70

T 2 P 1 D 2 ~ * P i '
VI

a) Obtained from the World Collaboration DST '11 ] , as events above handdrawn background after applying
the mass cut described in section 3.2.
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TABLK 5 Intervals of the isuspin cross sections and of the interference terms

(in (ib) for single p production at 19 GeV/e in the single ami double

exchange representations

Single exchange Double exchange

m.

m

m

m

o

3

01

03

13

1 o

(17* <~ 24) - ( 36-17)

(221 * 27) - ( ->0 - 30)

( 8 - 8) - (297 * 56)

(-106-32) - ( 41 *• 11)

( 22 + 20) - (-49 - 14)

(-41 - 23) - ( 30 <• 20)

(-.52-.13)- (.77 +.13)

( .G1 + .40)- (-.47-.18)

(-.99-.07)- ( .20+. 15)

m

m

01
i

10

m
11

m

m

m

01,10

01,11

10,11

01,10

JO,11

(17* * 24) - ( 36 - 13)

( 10 ̂  G) - (151 - 23)

207 ^ r>0

19 i 11

(-100 - oS) - ( 73 ̂  11)

(- 45 - 10) - (129 - 34)

(0.46 - 0.32) - (0.25 _ 0.17)

(0.52 - 0.15) - (0.*5 + 0.14)

(-0.99 - 0.04) - (0.73 + 0.11)
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TABl'K ti Isospin cross section terms (in ub) and the normalized interference

term c for single f production at 19 GeV/c. For notation, see text

m =
0

m l -

m o i '

& -

Fo '
F l =

00
m

i 11

1 00,11

,00.11

Fou

F 1 1

Cross sections

32

41

H

0.23

64

27

+ 11

+ 18

+ 16

+ 0.45

+ 22

+ 12

n..
T A B l . K 7 R e s u l t s o f t h e f i t m 1 J - k . . p , lJ . & . . , , = c o n s t a n t , t o a l l

i) *lab ij,k*

in the double peripheral representation, k are the

p productiun cross sections modified for phase space effects,

in the double peripheral represents

cross sections at p, , = 1 GeV/c in
lab

=? 16.7/U

n ( M - 0 . 4 0 + 0 . 2 0

n
1 0 - 1 ' 0 + 0 . 1

nii - 0 . 8 2 + 0 . 3 0

k 0.38 + 0.20

k1() 4.0 + 2 . 0

kii 4.6 + 4 . 0

poi,io °'3 iQA

Vn 0.03+0.2
f*i0 u 0.6 + 0.2



M
o
1/2

N,

N 2 -
Ix=0

N, J
h

Mv2

M
3/2

N, -

N, -

N , -

a)

N

N

N,

= 1/2

~ OV2

M01 _
N, -

N
hll
lo=1

N,

M
10

N

N
hil

N;

M
ii

N,

N 2 -
ill

b)

N

N

Fig. t



Mo _
V2 "

M

= V 2

= V2

.00
M =

.11
M =

Fig. 2



p p - p p K\'

2/ 2.8 i.2
(GeV)

Fig. 3 a, b



Ci)

o

P n n n ri+Ti~
i- B

O

EM(nV)

p n - p n H nK
 "B F

d)

EM(nV)

Fig. 3 c, d



125-

100-

o 50-

in

o

25-

P P - P P 71 Ti"

EM

80-

60-

p n - p n TI+TIr F B

EM(T I +

n
.8 2.8 3.2

(GcV)

Fig. 4 a, b



50-

— o

>
Os)

C
Cs)
>

40-

30-

20-

10-

p n - p p TI TI

EM (KV)

I—i

A .8 3.2

40-

30-

20-

10-

p n - p n TI K

E M(rt+rf)

n n
A .8 2!8 3.2

(GeV)

Fig. 4 c, d



GeV'

g t

15

EM(pFp")
25 GeV2

Fig. 5



pn - ppp

events

a)

30-

20-

D p'-band
estimated backgro

b)

-1

30-
background subtracted

cos QCM

Fig. 6



p n - p n 71'TI

10-

5- /fJ

EM(KTt ) (GcV)

Fig. 7



a ) 3O O i ( j j

Single exchange diagrams

b)

-100

- -40

Double exchange diagrams

-40 120
m10>11 (Mb)

Fig. 8



Single exchange diagram

400-

300-

200-

100

-40 -20
m13(|jb)

|->\ Double exchange diagrams

400+(ub)

-40 -20 20
.il (pb)

Fig. 9



(Mb)

100-

50-

T < • I

pp-p(pp°)

1 i

•—<—»—i—i—i—•—•—•—i—i—i—i—i—I—i—i—»—i

10 15 20 25

• • ( M b )
100--

50--

T < >

pp-p(pf°)

1
•*—I—I M—I—|—I—I I I |—I—I I I |—> I I I

10 15 20 25
P (GeV/c)
lab

rig. IO



(fib)
1000

500--

x =c; observed
o IG;1 phase space modified

PP-PPP°

200--

100--

50--

20 I | V I—I » I I I I I t | M MllMilmit

20 30 p (GcV/c)
lab

Fig. 11



100-

20 30 P . (GcV/c)
laD

Fig. 1?


