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This Letter reports measurements of p-p differ-
ential elastic cross sections for large momentum
transfers. These data together with results of
other measurements are analyzed by means of a
single Regge pole term.

The new data presented in this Letter were ob-
tained in a manner similar to that described by
Cocconi et al.,* except that the scattering angle
was changed to 110 mrad. This extended the re-
sults to a value of -5.5 (GeV/c)? for the square of
the four -momentum transfer ¢.

The cross section for C*?(p, 3p3n)Be’ is used in
the CH, - C subtraction procedure to obtain the p-p
cross sections. A recent measurement? of this
cross section gives a value of 7.7+ 0.4 mb, where-
as 11 mb had been used for the previous experi-
ments at 56 and 60 mrad.! The earlier data have
been corrected accordingly, and small changes
have been made to the normalization of the CH,
and C spectra for the 12.99-, 15.89-, and 27.83-
GeV/c data at =56 mrad. It is these corrected
values which appear in Table I, together with the
cross sections from the measurements at 110
mrad.

The combined results of these measurements,
together with those in the preceding Letter,? are
plotted'in Fig. 1 as [(47 /ork)*(do/dR) . 1. against
It]. This normalized cross section is equal to

(do/dt)/(do/dt); = o using the optical theorem for
the forward scattering amplitude. Here & is the
appropriate c.m. wave number and the p-p total
cross section, op, is taken from published values.
The smallest cross section, obtained at 110 mrad
and 21.46 GeV/c, corresponds to 3 x107%% ¢cm?/sr
at 42° in the c.m. system. In this region the cross
section still appears to be decreasing but with a
slope ~1 of that for the small angle scattering.

Figure 2 shows the normalized cross sections
plotted against s/2M? for various values of |¢|.

s is the square of the c.m. energy and M is the
nucleon mass. The cross sections for |£{ <1 were
obtained by interpolation between measured values
whereas for larger |¢]| values, direct cross sec-
tions are plotted. Data from lower energies are
also included.*®* Least-square straight-line fits
have been made to the points for constant {#| and
the slopes of these lines exhibit a shrinking of the
diffraction pattern.

Recent considerations of a Regge pole theory,®°
and of a specific field-theoretical model,!° have
suggested that the diffraction cross section can
be put in the form

<§tg)/ (Z;o)t=0=F(t)(s/2M2)2[““) IRUGY

The functional dependence of both F(f) and a(f)
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Table I. Elastic p-p cross sections. ©,P, are the scattering angle and incoming momentum. s is the square of
the total c.m. energy, M the nucleon mass and -t the square of the four-momentum transfer. op is the total p-p
cross section and k the c.m. wave number.

O  Pohap -t @o/dQ), & O, i, @0/ | ®
(mrad) (GeV/c) s/2M*  (GeV/c)? (mb/sr) (deg) (mb/sr) [<4n/koT)2<do/dmlc o
56,5 12.99 14.8 0.524 45 17.5 1.6 1.1 1072
56..5 15.89 17.9 0,783 10 19.2 0,30 1.6 1073
56.5 17.30 19.4 0,925 4,5 20,0 0,13 6.4 1074
56.5 17.75 19.9 0,978 5.3 20.2 0.15 7.0 107¢
56.5 18.69 20,9 1.084 1.5 20,7 0,039 1.7 104
56.5 19.56 21.9 1.184 0.53 21,2 0,013 5.7 1075
56.5 19.75 22.1 1.206 0.90 21.3 0,022 9.5 107
56.5 19.91 22,2 1.221 0,54 21.4 0.013 5.6 1078
56.5 21.88 24.3 1.474 0.28 22,3 0,0062 2.5 1079
56.5 22,74 25.2 1.590 0,24 22.6 0.,0050 1.9 107°
56.5 26.02 28,7 2,071 0.10 24,2 0.0019 6.3 1078
60.5 18.29 20.5 1.184 0.56 21.9 0.015 7.0 107°
60.5 27.83 30.6 2,68 0.026 26 .6 0,00047 1.5 1078
110 8.94 10.5 0.91 2,75 28.4 0.14 1.45 1073
110 11.28 13.0 1.43 0,31 31.5 0,013 1.08 107*
110 13.98 15.9 2.17 0.12 34.6 0.0044 2.88 107
110 15.96 18.0 2.80 0.040 36.7 0.0013 7.68 1078
110 18.97 21.1 3.86 0.0055 39.5 0.00016 7.55 1077
110 21.46 23.9 4,91 0.0011 41.8 0.00003 1.2 1077
110 22,92 25.4 5.55 <0,0007 43,0 <0.00002b <7 10"Bb

aThe error in the differential cross section is estimated to be 50 %.
95 % confidence level.

AL I B A T can be obtained from Fig. 2. The slope of

|
18— p—

3 oo log[(do/dt)/(do/dt); o] with log[s/2M?] gives the

s s Se5mad - value of 2[a(f) - 1] and the intercept at s/2M%=1
0! __‘ o fepmrae 1] gives F(t). For 0<|t|<1 (GeV/c)? it is found

e E that a single function a(f) can be used in the mo-

| . N mentum range 3 to 30 GeV/c. For larger momen-
102 t'” — tum transfers, a(f) and F(¢) can only be obtained

either by comparison of one low-energy and one
or two high-energy cross sections or by compar-
ison of the two internal beam measurements at
56 and 110 mrad. The parameters thus deter-
mined have larger uncertainties.

The form of a(t) is given in Fig. 3, which is
split into two parts showing the a(¢) obtained by
taking all the data in Fig. 2 and that obtained by
taking only those above 9 GeV/c (s/2M?=10.5).

In the first case the function is quite well deter-
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0 1 2 3 4 5 6 The numbers attached to the points refer to the lab mo-

mentum of the incident proton.
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FIG. 2. Normalized elastic differential cross sections

as a function of s /2M? (square of the c.m. total energy
divided by twice the square of the nucleon mass). The
points below s /2M* =10 are taken from references 4 and
5. The numbers attached to the lines give the appropri-
ate |t| values.

mination of a(¢) from the high-energy data alone

is poor, but the same general shape is found. In
the model of Amati, Fubini, and Stanghellini’® «(¢)
increases continuously from -1 at {=-oto 1 at £=0.
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FIG. 4. The form of F(t) derived from Fig. 2.

The experimentally determined function F(¢) is
given in Fig. 4.

To summarize, it is clear that the data con-
tained in Fig. 2 demonstrate conclusively a shrink-
ing of the proton-proton diffraction pattern with
increasing energy. As straight lines can be fitted
through the points in Fig. 2, within the experimen-
tal uncertainties, the general trend of the cross
section with s and ¢ is well represented by Eq. (1),
which in the Regge pole theory results from a
single term. Consequently, in the terminology
of this theory, the trajectory a(f) of the Pomeran-
chuk or vacuum Regge pole™® has been obtained
and also the form of F(t), a function related to
the residue of the pole.

We wish to thank the CERN Proton Synchrotron
Machine Division for operating the accelerator
under the stringent conditions necessary for these
experiments, and also L. Bird, R. Donnet, G. Par-
ham, and C. Stahlbrandt for assistance in carrying

t, (m,,)2
-100 -50 0 -100 -50 [}
1 1 - 1 Il 1 1 ] ! Il
T T T T T T T I T T
Derived trom Derived from
- E_>2Gev E, > 80Cev |
Kin. n
- -
| b i
| | | | | 1 I |
-2 -2 -1 0

1, (Gevic)?

FIG. 3. The trajectory, a(t), derived from Fig. 2 (a) obtained by taking all
the data; (b) obtained by only using data for s/2M?%=10.5. 13
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RESONANCE IN THE (Z7) SYSTEM AT 1.53 GeV*
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We wish to report the existence of a narrow
resonance in the (=7) system which we observed
in the study of the interactions of negative K
mesons in the LRL 72-in. hydrogen bubble cham-
ber. The separated incident K~ beam, originat-
ing in the Bevatron, had a momentum of 1.80
+0.08 GeV/c; the uncertainty includes both the
6% momentum spread of the beam and the mo-
mentum loss in the chamber. The film was
scanned for events with the following topology:
“one positive secondary, one negative secondary
with a decay, and one or two associated V’s.”
This topology includes the reactions

K"+p-,E"+K+, 1)

)
@)

The events located by the scanners were anal-
yzed using the kinematic fitting programs PANG
and KICK. Based on a second scan of 809 of
the film, the scanning efficiency was 99%. Only
one possible example of multiple pion production
was found. Table I gives the observed numbers
of events of types (1), (2), and (3). Four events
with charged K,° decay were also consistent with
the reaction 77 +p » S +K°+ 7" due to a (pre-
sumed but as yet not studied) pion background.
However, the x? for this hypothesis is quite
abnormal. Furthermore, the expected ratios
of events of type (3) with charged A decay only,

—- +
- = +K +TI°,

—

=+ K%+,
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Table I. Summary of Z~ production events at 1.80

GeV/c.

Reaction Events o (ub)
EK* 94 135 %22
=kt 20 30+ 8
Z7K'*: A decay 38

K" decay 10

A and K,® decay 18

Total Z~ K" 66 75 +13

charged K,° only, and with both charged A and
charged K ,° decays, 4:1:2, agree well with the
experimental numbers. These observations,
coupled with the fact that the effective-mass
distribution for (Z7) systems for events with
charged K,° agrees with those for the other
cases, suggest strongly that all of these events
are, in fact, examples of Reaction (3). Prelimi-
nary cross sections, based on a 7 count and in-
cluding corrections for neutral decays and for
scanning bias of events with =’s shorter than
0.5 cm, are given in the third column of Table
I. The detailed results of a study of our ex-
amples of Reaction (1) will be communicated
in the near future.

Figure 1 shows Dalitz plots of the invariant
mass squared of the (Zm) systems, M=%, vs
M an for the observed examples of Reactions
(2) and (3). In both neutral (=77%) and charged



