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tensors with k & 2jma ~

As an example of such a process we may con-
sider the B"(d,p)B"* (9.19 MeV) reaction which
is known to proceed predominantly via an I,„=0
stripping process hence with j =-,'. On the other
hand, a heavy-particle stripping contribution to
this reaction involving pickup of Be by the deu-
terons requires J= —,'. In consequence only effects
of target polarization of rank 1 are effective if
pure j = -, direct stripping occurs, while tensors
up to rank 5 can contribute if heavy-particle
stripping is involved.

The magnitudes of the tensors eb~(a; 8') and

pb~(b; 8') are bounded by expressions which de-
pend on j. If j is unique and k =1, and the first
rank polarization is characterized by P(a) = (a)/a,
then considering the components of polarization
normal to the plane,

Qg 4g 3Q

d~ dO a+11+ ~ P(a) ~ P (a),

where

targets may be used to determine the parities
and to identify nonzero spin states of the residual
nuclei. These measurements involve the observa-
tion of the rea, ction product parallel or antiparallel
to the incident direction, where both projectile
and reaction product are of zero spin and the nu-
cleus is of integral spin. The reaction processes
need not be direct.

Moreover, detailed study with polarized targets
will serve to test for small j-admixtures in direct
reactions, to trace out the nondirect contributions
to the reaction amplitudes, to exhibit spin-flip
contributions to inelastic scattering processes,
to differentiate between exchange processes in-
volving heavy-particle stripping or knockout as
well as to confirm nuclear clustering as involved
in heavy-particle stripping.

It is clear that the nuclear information derivable
from studies with polarized targets provides
marked incentive for these studies despite the
very considerably increased experimental com-
plexity involved.

E' (a) [ I b (b + 1) - a(a + 1) -j (j + 1) ) ]/2a(j + 1).
The upper bounds of P (a) for j = —,

' and 2 are given
in the following table.
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(a+ 4)/5a

It may be demonstrated that, provided j is unique,
a series of measurements with polarized projec-
tiles incident on polarized targets is sufficient to
overdetermine the reactior, amplitudes Z -a2oi(8').

It has also been demonstrated that polarized
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This Letter reports an experiment measuring

the proton-proton elastic scattering cross sec-
tion at laboratory angles of about 10, 20, 30, 40,
and 50 mrad with initial momenta of 12.1, 15.5,
18.6, 21.4, and 26.2 GeV/c.

The beam, quasi-elastically scattered at 20
mrad from a Be target in the CERN proton
synchrotron, was collimated to be 8@1.5 cm
at the hydrogen target, and had a divergence of

0.6 mrad horizontally and 2 mrad vertically.
The total. intensity was =5x10' protons per pulse.
Its momentum spectrum consisted of a peak at a
momentum slightly below that for the circulating
proton beam followed by a ta, il reaching about
1 GeV/c down. The peak contained typically 70%
of the protons in a momentum interval smaller
than 200 MeV/c.

An 18-cm long liquid hydrogen target was used.
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The scattered particles were momentum anal-
yzed with 4 m of magnetic field and detected at
each angle with a threefold scintillation counter
telescope. The momentum resolution was typi-
cally 5% and the solid angle of acceptance of the
order of 10 ' sr.

The beam was continuously monitored with two
small scintillation counters in coincidence. In
order to obtain the total flux, these counters
were scanned across the beam and the resulting
number s integrated.

Figure 1 shows two typical momentum spectra
after corrections for background and accidental
coincidences. Curve A gives geometrical reso-
lution function with the input momentum spectrum
folded in. Curve 8 shows the relative intensities
of elastically and inelastically scattered protons
used to obtain a fit to the experimental data
(curve C). The relative intensities in 8 were
consistent with the results obtained from an ex-
periment with a momentum resolution of about

1%.' The unfolding procedure was necessary
only for the higher momentum transfers. The
elastic differential cross sections obtained are
listed in Table I.

The results are plotted in Fig. 2 in terms of
[(4~/aTk)'(do/dn)]c m as a function of It( (four-
momentum transfer). oT is the total proton-
proton cross section and A is the wave number
of the protons in the center-of-mass system
(c.m. ). Only relative errors between different
angles within each momentum are shown. These
errors are mainly due to statistics and uncer-
tainties in the resolution functions. The abso-
lute errors, listed in the table, are larger be-
cause of uncertainties in the determination of
the flux and the momentum spectrum of the in-
coming beam.

According to the optical theorem for a purely
imaginary forward scattering amplitude, for
t= o, [(4~/OTk)'(do/dn)],

A linear extrapolation to t = 0 has been made

Table I. Differential elastic proton-proton scattering cross sections. I'o, o, and -t are momentum of incoming
proton, scattering angle, and (four-momentum transfer), a respectively.

(I), 0
(Gep jc) (mr ad)

O) c.rn.
(deg)

do d(T

-t dQ dQ
lab c.rn.

(Gep/c) (b/s r) (rnb/sr)

(4~ )'v~
10 k IdD c.m.

Relative errors veith-
in one momentum

(%)

Absolute
errors

(«)

12. I

15.5

18.6

21.4

26. 2

8. 8
19.I
29. I
39.I
49. 1

8.9
18.9
28. 9
38.9
48. 9

10.8
20. 8

30.8
40. 8
50. 8

8.3
18.6
28. 6
38.6
48. 6

9.5
19.5

29. 5
39.5

2. 66
5. 73
8. 72

11.75
14.7

3.02
6.40
9.71

13.25
16.50

3.82
7.30

10.7

14.4
17.8

3.29
7.30

ll. 18
15.30
19.0

4. 21
8. 60

12. 88
17.03

0.011
0. 052
0. 121
0.219
0. 342

0. 019
0. 086
0. 195
0.364
Q. 563

0.036
0. 134
0.290
0. 520
0.794

0. 032
0. 155
0. 364
0. 680
1.055

0. 064
0.268
Q. 596
1.042

4. 03
2.60
1.20
0.58
0.20

5. 79
2. 63
0.92
0.22
0.036

7.93
2.46
0.46
0.059
0.009

8.65
1.95
0.29
0. 024
0. 0020

ll. 3
l. 31
0. 072
0.0041

146
96
45
21.3
5.9

165
76
27
6.4
1.1

209
66
12.6
1.6
0.25

182
43
6.4
0. 52
0. 045

189
22. 4
1.24
Q. 075

1.10
0. 70
0. 33
0. 16
0. 057

0. 96
0.44
0. 16
0. 038
0. 0059

0. 87
0.28
0.051
Q. 0068
0.0011

0. 75
0. 175
0.025
0. 0022
Q. 00018

0. 65
0. 078
0. 0043
0. 00025

11
8
5
5
6

12
10

6
8

15

12
6
6

15
20

12
8
7

10
30

13
7

10
20

19
16
16
16
16

18
15
15
16
21

22
20
20
24
27

21
18
19
20
34

22
21
22
28

a
See reference 2.
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FIG. 1. Typical momentum spectra from proton-
proton scattering at initial momenta of 12. 1 and 21.4
GeV jc at laboratory scattering angles of 19.1 and 28. 6
mrad. Curves A, 8, and t" are explained in the text.

using the data at the two smallest I/) values
at each momentum. An average value of 1.2+ 0.2
was obtained. The initial slopes of the curves in
Fig. 2 are all consistent with a t-dependence of
exp(-11 i t I ).

The data are used in conjunction with other
similar data in a Regge pole analysis presented
in the following Letter.

The total elastic scattering cross sections
shown in Table II have been obtained by inte-
grating under the curves in Fig. 2. The results
are plotted in Fig. 3 together with those of other
measurements at momenta higher than 2 GeV/c. ~ '

%e should like to thank L. Bird, R. Donnet,

FIG. 2. Normalized differential elastic cross sec-
tions. Each distribution is displaced by one decade.
Only relative errors are shoran.
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FIG. 3. Total elastic proton-proton cross sections.
For a-g, see references 2-8, respectively.

Table II. Total elastic proton-proton scattering cross section.

Po (GeV/c)

Elastic err (mb)

12.1

10.4 + 1.7

15.5

9.2+ 1.4

18.6

9.0 + 1.8

21.4

8. 0 +1.6

26. 2

9.8 ~2. 2
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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 t.

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 [(4m/oTk)'(da/dQ) jc m against

I t I. This normalized cross section is equal to

(dv/dt)/(dv/dt)f —0 using the optical theorem for
the forward scattering amplitude. Here 0 is the
appropriate c.m. wave number and the p -p total
cross section, oy, is taken from published values.
The smallest cross section, obtained at 110 mrad
and 21.46 GeV/c, corresponds to 3 x10 "cm'/sr
at 42' in the c.m. system. In this region the cross
section still appears to be decreasing but with a
slope =-', of that for the small angle scattering.

Figure 2 shows the normalized cross sections
plotted against s/2M' for various values of it).
s is the square of the c.m. energy and M is the
nucleon mass. The cross sections for )Lt I &1 were
obtained by interpolation between measured values
whereas for larger )tI 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 It I 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

(d—;) („'—;) ».»». )2M'&'I'=&" '&.

The functional dependence of both F(t) and o (f)
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