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Abstract:

For two~body reactions, the variation of the cross section, o, with
the incident laboratory momentum, . is found to be consistent with the
relationship, o = const, p;i . The values of the exponent, n, are found to
fall into three groups, about O, d broad group from 1,5 to 2,0 and about 4,
The three categories are discussed and some consistency is found with the

Regge Pole model,

Results are presented in this letter on the variation of the cross
section, o, with incident laboratory momentum, pin‘for two=-body reactions
of the type

A+B > C+D. (1)
The resulte for inelastic reactions are shown in Figures 1 and 2. For
reactions involving resonances, the cross sections have often been
determined at different momenta by different groups and it may happen that
the groups have different methods of analysis and of estimating background,
Hence, as can bve seen in Figures 1 and 2, the results are sometimes
inconsistent, The inconsictencies are particularly important for reactions
with double resonance production where the resonances are wide, such as

11(1).

B
n+p - Np, as can be seen in I'ig,
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At low momenta, cross sections tend to fluctuate because of the

1.

occurrence of resonances in the production process, If, to avoid this
difficulty and to avoid threshold effects, we consider only higher momenta,
say greater than 2 GeV/c, then it can be seen in Figures 1 and 2 that the

results may be expressed by the following relation :

A -1
c = X (p. : 2
¢ (o, / »,) (2)
where K and n arc coanstants and P, is a dimensional constant taken as

po = 1 GOV/C.

The values of the exponent, n, for these and other inelastic two-
body reactions, arec listed in Table I, together with the range Qf incident
laboratory momentum over whiclh they were calculated and the constont ,
which is the cross section extrapolated to P, = 1 GeV/c. In the
calculation of the exponents, n, given in Table I; results for momenta of

more than 2 GOV/C have been used wherever possible,

The results for reacticns 1 to 4 cre shown in Figure 4 of Anderson
et al.(g). The results for reactions 5, 6 and 7 are given in the following
paper(B). The reactions of double resonance production 32, 33 and %4 for
which the cross section is difficult to determine will ﬁot be considered
in the following discuésion, The values of the cross section for reaction
8 have very loarge crrors and this reaction will also not be considered

further,

After making allowance Tor the uncertainties of the results, there
appears to be three groups of values of exponents, onc about zero, secondly
a broad group of values cxtending.from extreme values of 1.1 to 2,8, and
thirdly a group with exponent about 4, e now congider these threce

categories in turn.
Category 1 may be generalised to include elastic scatters, which are

well known to have approximotely constent cross section with respect to

incident energy, i.e., n ~ 0, The surprising result that the cross sections
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for the inclastic reactions 1 to 7 are approximotely constant is discussed

in the following paper<5)‘ There 1. is suggested thav if the reactions can

L3
be interpreted in terms of o TFeynmann diagram in which a diffraction

scattering occurs at one vertex then the cross section will be censtant at

high energics,

o

Category 2, consisting of inclastic reactions 8 to 34, has a large

I,

range of exponent, A4 common characteristic of these recctions is that they

=]

can be described by a Teynmann diagram in which a single meson is exchanged,
For reactions 9 to 22 (and also 8, 32, 33 and 34) this meson has zero
strangeness and it can be seen that the cexponents tend to group around

n &~ 1,5, TFor reactions 23 to 31, the meson has a strangeness of onc and

the exponents tend to group around n ~ 2,0. Hence, we would suggest that
category two has two sub-groups with oxponents of about 1,5 or 2,0 according

to whether the exchanged meson is non-strange or strange, respectively,

Reactions 35, 36 and 37 of catepory threc, all have the characteristic
' . - o . 0
that they do not have, at high energy, a forward diffraction peak (GCM =0 )

(4,5).

but do have o backward peak In terms of Feynmann diagrams, a forward
jt . Y Lag ’
peak would require the exchange of two unite of chargz, while a backward
peak would recuire exchonge of a porticle with baryon number B = 1,
Backward elastic scattering is cnovher recaction which would require cexzchange
(e} i (&)

of o particle with B = 1. As cross sections for backward elastic

(&

i

gcattering are not available, we have plotted in Fig., 2d, the values for
the differential cross section (dG/dt), at 1800(6’7> or near 1800(8’9> for
reaction 38, Becausc of constructive and destructive interference between
the isobars produced, the values of do/dt fluctuate considerably, but it
can be seen that‘if these fluctuvations are ignored, a rough fit to the data

cen be cobtained with a linc hoving the equation

(dc/at) 1800 = 7.3 (p,u
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One of the most strilting features of Figures 1 and 2 is thet for

a given value of Py gimilor rencoions tend to have the same cross
i

section, Thus at 3 G@V/c, if we consider the 9 reactions (numbers 23 to 31)

requiring exchange of o stronge meson, 8 of them have approximately the

game cross gection of about 0,1 to 0.15 mb, It can be seen in Fig. 2¢,

that ignoring threshold offects, the cross section at a given P for
action 37 which requires the exchange of a strange baryon (e.g. Ao) is

similar to that for reactions 35 and %6 where exchange of a non—strénge

baryon is required,

It is possible to interpret these results in the framework of
Regge Pole model, In this model the differential cross sections are
expressed in terms of the square of the total energy, s, but at high
energies this is directly 5r550rtional to p n* A comparison of these
results with the Regge Pole model Cﬂnnot be made dlrect13951pco the model
predicts the variation of the differential cross section with & at a fixed

value of t, whereas we report here on the total cross sections, o,

integrated over all t~valucs, In the Regge Pole model the differential

O

SZ@(t)-E. As small t-values yiecld

cross section do/ds is proportional to
most of the reaction cross scction, the exponent, n, ~hould be approxima 2ly
equal to {2a(0) - 2}, If the value of e(t) decreases as t decreases, then
the exponent n will be slightly greater than {2@(0) - 2}. TFor category 1
reactions, oxchange of the Pomeranchuk trajectory is postulated and as

«(0) = 1, the exponent is cxpocted to be about zero, TFor the first sub-
group of category 2, cxchange of the p or R trajectory is expected and as
«(0) is about 1/2 end as alt) decreases as b decreases, the exponent n is
cxpected to be s1i~hily srcater thon one, For the second sub-group of

category 2, the K ~trajectory is oxpooted to dominate and as this has a

a(0) value slightly less than that for the p or for the R trajectory, the
value of the exponent n should be slightly greater thanAfor the first sub-
group, The trajectories for nucleons, iscbars and hyperons are all believed
to have negative values of « at t = 0, and hence the exponent will be

appreciably larger than thet for caisgory 2. If for backward clastic

‘.I .

scattering of negative plons the differential cross scction, dc/d
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plotted against s, the exponent is about 4.5,

In one-meson exchange models, such as the absorption model, one
cxpects different values of the exponent, n, according to whether a pion
or o vector meson is oxchanged., But the exponent for reactions 9 to 22
show no difference due to the mass or spin of the exchenged particle, Tor
interactions requiring pion exchange, one instead consdders. in the Regge
Pole model the exoﬁange of the R-trajectory. As the R and p trajectories
arc believed to be similar, we would cxpect similar values of the exponent
for all reactions for which the R or p trajectory is the dominant one,
Hence this may be considered evidence in favour of the Regge Pole model,

This letter is part of a roviuw=paper(10) given at the Stony Brook
~Conference on Two-Body Reactions, April 1966, and a morc detailed discussion

and further references will be given there, - : ;

The author is grateful to the .organisers of the Stony Brook ,
nference, He would like to express his thanks to the numerous pco
Conference, H 1d 1ik T I thanks to I rous people
who generously communicated unpublished -experimental .cross secctions, He is
ply indebted to . Ei Plaminio for his comnsiderable he in the
decply indebted to Dr, E. Tl ] d ble help in th
preparation of this paper, He wishes to thank Dr, R. . Armenteros,
o VLTt oni rof, ¢, Cocconi and Prof., Ch, Peyrou for he
Dr, *V.T, ‘Cocconi, P G. C 1 Prof, Ch, Peyrou for helpful

discusegions and comments,
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Fig, 1. . Variation of the cross section of two-~body reactions of

category 2 with incident laboratory momentum.

Fig, 2.a)b)c). Variation of the oross section for two-body reactions of
”category 3, with incident laboratory momentum;
d). Variation with incident laboratory momentum of the
~differential cross section dc/dt,'for scattering at 180O

in the reaction m p ~» pm .,
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REACTION

| THeTD. oM GeV/e.

Constant, K.

‘Exponent, n

- ' Tf z + T
1 lp+0p-p+ 17 (1400) 10 30 0.3 - 0,3
* 4+
2 lp+p->p+ N(1520) 10 30 0.1 = 0.3
x +
3 ip+p->p+ N (169) 10 30 0,0 = 0,15
* T
4 |p+p-p+ N (219) 20 30 0.4 = 0,9
5 it +Dp->p+ Al - pnn+n— 4 11 0
6 |n+p->p+ A2 - pnn+n~ 4 11 0
TIK+ps p+ (knm) (1320) 5 10 0
8 n+p->Dp-+n
- - - .
9|5 +p->n+n 3.0 9.0 : 1.7 % 0.3
10 |K +p- K +n 2.0 9,5 f i'g 1,5 % 0,2
1in +p-n +n 5,07 18,0 Hoe 1.5 0.2
12 |7+ p »n+7n 2,9 18.2 i 82’ 1.5 ) 0.1
13 n+ + p S+ | 2,08 8.0 i ii 2.2 ¥ 0,2
] Z
14 % +p _>N§++ + w 2,08 8.0 f g‘g 1.7 x 0.3
155 +p op+p 4,0 8.0 A2 s Tos
2.1 8.0 i 2.6 T 0.4
16 (n +p>D+op 2,75 11.0 M é‘g 1.5 0,2
. ~+ . -
17 8 4 po p K s O 3.0 5.0 rIl 1.8 £ 0.6
- - 5 .
18 [ +p- p+ K > @'m 2.1 10.1 OO n9tos
19nt +ps T 50 2.08 8.0 N éfé 1.1 £ 0.2
= + - X
20{n +p- 10T 5 o prind 4.0 8.0 (1) 7{ 1.3 2 0.6
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TABLE I (contd.)
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REACTION

IEJCIP».E‘«IOI{ILE GeV/c,

Constant, K.

Exponent, n

No% | Min Mox ” mb |
21|k v po® 40 1.73 5.0 | 5.3 " 8:2 1.8 % 0.2
22| p+ poyp + M (1238) 6 15 4 " Z 1.3 = 0.6
25 n+ payh +K or 20 + k] 3.0 4,651 1.3 f g:g 1.6 = 1.4
o4l +port 4+ xT 2,08 8.0 | .07 é:é 21 X 0.5
25| n + p—sT3(1335) + K 2.08 8.0 | 1.5 " é:é 2.6 0.5
26 | X + p—>h + 70 2.24 wa | 77 g 1.9 0,3
2T|K + p—=rh + w 2.24 0,1 | 307 1:1 2,8 % 0.3
28K + pozt + a7 2.24 5.5 | 2.2 7 i:i 2.0 2 0.5
29 |8 + p—yYTT(1385) + 7 2.24 10,1 | 487 i:g 0,2 ¥ 0.25
30 |p+p->E+4 5.0 6,94 | 0.9 7 o 1.9 2 0.3
5113 + p—oA2° or AF° 5.0 6,94 | 0.6 " 8:2 1.8 £ 0.4
52 | n 4+ pal T4 0

5500 + po e + o°

34 | &+ poy 1T 4

35 | K+ p—o> L + 1" 2,24 5.5 | 1.9t 200 3.8 £ 0.8
56 | K + p—y T (15685) + ' 1.65 10,1 | 2.5 2:; 4,12 0,7
57|k + p—o T + K 2.24 5.0 5.0fg:§ 5.5 2 0.3
38 |

(C +p—D+ ﬂ31

80°
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