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The Reaction pp —= pnm at 10 GeV/c and the OPE Model

In a study of pp interactions at 10.01 Gev/c in the Saclay 81 cm hydrogen
bubble chamber at the CERN PS, interactions with two outgoing charged
particles have been analyzed in 30 000 pictures. Using a IF criterion
and ionization information for track momenta less than 1.7 GeV/c, a total

of 801 evenis were found which fitted the Reaction
(1) pp —=pnm’

We have used the program FAKE1) to check our measuring and hypothesis
selection procedure. It was found that events having aT’ in the back-
vard hemisphere (with respect to the beam direction) in the overall c.m.
system constitute a highly pure sample (contamination £ (10 + 5)% ).
Only these events have been used for the analysis (341 events). Due to
the symmetry of the initial state, no biases are introduced by this pro-
cedure. All cross sections given have been correspondingly corrected and
hence refer to the total Reaction (1). The total cross section for Re-

action (1) is 3.7 + 0.4 mb.

Figure 1 shows a Chew-Low plot of the pn# invariant mass Mpﬂ+ versus
tliin. Here £L2in is the smaller of the two possible values of the four
momentum transfer squared between the outgoing pﬂ system and either of
the initial state protons. lhere is a marked accumulation of events at
small momentum transfers and strong N*++(1236) production, Other features
of Reaction (1) will be discussed elsewhere. A superposition of a Breit—
Wigner distribution for the N(1 236) and Lorentz invariant phase space
modified by a factor e~ 3+ 242 (where A‘? is the minimum value of A?Z
kinematically allowed for a given pmwt mass) were fitted to the pﬂ mass

distribution. From this fit we obtain for the process
(1a) pp —= N, *t .\ n
(1236)

a cross section of 1.2 + 0.2 mb,

da

Mg. 2 shows the differential cross section dagin for events with Mpn+

inside (a) and outside (b) the isobar region.



Pig. 3 shows the pﬂ'+ mass distribution for small values of A’iih' The
%
decay angular distribution of the N +t in its Cﬁ‘ system with respect
to the incident proton direction in the process (1a) has been investigated

2)

*
in terms of the elements §; of the N spin-space density matrix™/.

Table I shows the values of §; determined for events with 1.125 GeV <

2 2
Mp“+<1.325 GeV and Amin< 0.3 GeV .,

Reaction (1) has already been investigated by various authors for labo-

3)-8)

ratory momenta of the incoming proton up to 5.5 GeV/c

Reaction {1) and especially (1a) is a suitable reaction for testing
the one-pion exchange model (OPEM) since the TINN coupling constant and

the differential cross sections for TN elastic scattering are known.

Ferrari and Selleri3) have applied an OPEM with the form factor approach
to data of Reaction (1) between 1.7 - 3.7 GeV/cg)")’s). From a fit to
these data they determined the unknown correction functions which enter
into the calculation, and achieved quantitative agreement with these
experiments. We used these correction functions to obtain the pre-
dictions of this model at 10 Gev/c. Since these correction functions
contain no adjustable parameter, a comparison with our data constitutes

a direct check of the PFerrari-Selleri approach.

There are four OPE diagrams which contribute to Reaction (1)



(See Fig. u4). Explicit calculation of diagrams (2) and (4) showed that

their contribution could be neglected compared to diagrams (1) and (3).

Diagram (1) leads to the following cross section

d20’ 1 G2 2 2 132 >
—_— 2 = e A% (M y b)) ————— 4 lalo (i )
dM;u"" da? T g(s-uM?) prt (i\zﬂlz)z prt ntp o pmt
2 2 _ 2
s = (p1+p2) AT = - (pz—n)

P> Py and n are four momentum vectors of the respective particles

(see Fig. u)

M nucleon mass, u = plon mass, 62 = 14.4

n

. +
three momentum of the #' in the w p C.M. system,

flal
H]

. . + ;
total cross section for elastic 7 p scatterlng.

Q
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For Mpn+ < 1.u45 GeV, the function A(Mpﬂ+, A2) is given by

(3}

2 * .
where £, + (Mpﬂ+,a Y / f1+(Mpﬂ+) is defined by Eq. (4.1) of Ref. 9

£ +(4_ +,A%)
A£M9n+’ a2) = f1+(MpTr ) (6'28 ¥ 0;72 2 )
& 4
1 " pm 1+ AT T
4,73 pz

%)

* . , . . 0
)A different form of the correction was given in a later paper1 )
but it would lead to the same numerical conclusions.



For Mpw+ > 1.45 GeV/cz, we used Eq. (4.10) of Ref. 3

2, 2
(4) & O, 82) - (14 S T

with Y= 30 2 1)

The same contribution comes from Diagram (3), if¢52 is taken to mean

A2 - (o)l

For comparison with our data we have neglected possible interference terms

between diagrams (1) and (3).

The prediction of this OPE model for df/dd".  and 40/ i+ for small
momentum transfers is shown by the curves in Fig. 2 and 3. Although the
theoretical curves are in gualitative agreement with the data, the

agreement is worse than at lower energies.

*
A best fit to the differential cross section outside the N region

(M__+ > 1.325 GeV, Fig. 2b) and for & 2 < 0.5 GeV2 leads to & value
431 min

B’: 15/u2.

According to this OPE model the spin-space density matrix elements given
in Table I should all be zero. This is not in agreement with our expe-

rimental resulis.

Our data can also be compared with the OPEM with absdptive corrections.
Alexander et al. ) have measured Reaction (1) at a proton momentum of

*
5.5 GeV/c and compared their results for the process (ta) (N -production)

with OPE with absorption. They obtained agreement with their data after




properly adjusting a parameter Y”describing the final state n - N*
scattering., Taking the same value for the absorption parameter V' = 0.12,
we can obtain a prediction at our momentum of 10 GeV/c. This prediction
is also shown in Fig. 2a. It is in reasonable agreement with our data.
Table I contains also the predictions for thevN* decay matrix elements

§ ik from the absorption model as given in Ref. 8). Qur experimental
values favour the result of the absorption OPE model over the form

factor model.

*
Conclusion: OPE model calculations for the reaction pp — N ++n can be

"compared with experiments for incident proton momenta from 1.7 GeV/c
up to 10 GeV/c. The OPE calculations with absorption or form factor
corrections adjusted from lower energy experiments are able to predict
the differential cross section at 10 GeV/c to better than a factor of
two. This result is independent of the specific form used for the
correction function describing the low energy data, provided that this
function is independent of the primary energy. ‘he use of absorptive
corrections instead of form factors leads to a better agreement with

*
"the data especially for the N -decay angular distribution.

Acknowledgments:

We would like to express our gratitude to the operating crews of the
CERN PS, the Saclay Bubble Chamber, and the beam and the personnel of
the computing facility at DESY. Special thanks are due to Drs. H.O.
Wiister and D. Lublow of DESY. We would also like to thank our scanning
and measuring crews for their outstanding efforts. We are indebted to
Prof. M.W. Teucher, Drs. E. Lohrmann, P. $8ding, and J. Rushbrooke for

their advice and encouragement and to M. Behrends, V. Blobel, R. Schifer,



J. HBppner, and Miss M. Dahncke for vazluable assistance in the analysis.
The Hamburg group has been supported by the Bundesministerium fiir

Wissenschaftliche Forschung.

Abstract:

. ,
The reaction pp —h-pnﬂ* and the process pp —*—N(:;SB)R have been measured

at 10 GeV/c. The OPEM is compared with the isobar production and agree-

ment with the data is better than a factor of two.



TABLE I

Spin-space density matrix elements for Reaction (13).

Experimental Values
1.125< M(piiT ) < 1.325 GeV
; 2 2

Amin < 0.3 GeV

Prediction with Absorptions- OPE
Model according to Ref. 8

0 53 0.29 + 0,07 ; 0.12 0

Re ¢3,-1 | - 0.08 £ 0.07

. !
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Figure Captions

Fig. 1a
1b

Fig. 2a
2b

Fig. 3

Fig. 4

Scatter plot of the invariant mass of the ﬂ*p system, Mpﬂ+’
versus the minimum four-momentum transfer to the pﬁ+ systenm,
2 +
m
A g (P/PT)

Projection of the data in Fig. 1a on the Mpﬁf axis.

Four-momentum transfer distribution Asiin(p,pn+) for events
with 1.125 <:Mpw+ég 1.%25, The curves show the predictions
of the OPEM with form factor and absorption corrections

respectively.

Four-momentum transfer distribution Axiin(p,pTF) for events

with Mpﬂ& > 1.325 GeV. The curve shows the prediction of
the OPEM with form factor corrections ( X = 30 mir y See

Text ),

Invariant mass distribution of the pnf system for evenis
with a minimum four-momentum transfer (a) A;in(p/pﬂ+)<
0.3 GEVE, (b) A;in(p/pTr+)< 0.1 GeV.

The curves show the predictions of the OPEM with form factor

corrections.

One-pion-exchange diagrams for Reaction (1).
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