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A recent high-precision (p,p) polarization measurement at 19.7 MeV from Berkeley
has been phase-shift analyzed. It is not consistent with other (p,p) measurements at
nearby energies.

Slobodrian and co-workers at Berkeley have
recently published' the results of new high-
precision measurements of the (P,P) polariza-
tion asymmetry at 9.6, 15.6, and 19.7 MeV.
These measurements are of interest for two
reasons: (1) They, together with recent' and
forthcoming experiments from Saclay, consti-
tute the first of a new generation of very pre-
cise low-energy nucleon-nucleon measurements
which feature the use of polarized beams and/
or polarized targets. (2) The new Berkeley
data are in Oat contradiction with other types
of (P,P) data at neighboring energies.

As background information for the present
paper, we should comment that we have just
finished an analysis of all of the available (P,
P ) data from 1 to 400 MeV. ' In the process
of this work we have selected a self-consistent
set of some 839 data points, including nine dif-
ferent types of experiments, that span the en-

ergy region. The only solution type that gives
a fit to these data is the Type-I solution of Stapp4
and of MacGregor. ' VVhen, at the conclusion
of this analysis, we became aware of the new
Berkeley data, ' it was of interest to see how

they would fit in. As we describe below, they
do not fit in.

If one considers only (P,P) differential cross-
section data, then Clementel and Villi' showed
many years ago that four different sets of P
waves combined with one S-D wave combination
all give equivalent precision fits to the differ-
ential cross section. These solutions were
catalogued in detail by MacGregor. ' Of these
solutions, Types I and III predict a positive
polarization, and Types II and IV predict a
negative polarization. ' The Type-I solution
is the low-energy continuation of the Stapp No.
1 SOlutiOn. 4

The recent measurements of Slobodrian' give
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a polarization of about -1.7+ 0.3%%uo at 19.7 MeV
and 45' scattering angle. These workers car-
ried out a simple phase-shift analysis of these
data combined with nearby differential cross-
section data' and found, not surprisingly, a
Type-II solution. We repeated their analysis
and confirmed the Type-II solution, and we

also found a Type-IV solution giving an equiv-
alent fit to the data. The Type-I solution pre-
dicts a small polarization at 20 MeV (roughly
0.3%), and one that furthermore goes through
zero at 45', right where the Slobodrian data, '
have their maximum (absolute) values. Thus
it is apparent that no Type-I solution will fit
these data.

In order to obtain a quantitative evaluation
of this situation, we selected the (P, P) data
in the energy range 18.2 to 30 MeV from our
self-consistent data table' and combined it
with the Slobodrian polarization data at 19.7
MeV. ' (The Slobodrian data at 9.6 and 15.6
MeV are essentially consistent with a zero
value for the polarization and thus present no
problem. ) We made about 30 different comput-
er runs in analyzing these data. The six runs
shown in Table I summarize the results that
we obtained.

Solution 1 of Table I is the energy-dependent
30-parameter solution that gives a good fit to
the 839 data points from 9 to 400 MeV. 3 When

the Slobodrian data' were added to the search
problem, the code simply ignored them in the
search. (In this problem the entire 9- to-400-
MeV data set was searched. In Table I we show

only the data in the region of interest. ) Since
our energy-dependent forms3 are too "stiff"
to produce the local wiggles required to fit the
Slobodrian data, this does not constitute a def-
inite test. The energy-dependent analysis is
clearly form-limited over any small region
of energies. Thus the remainder of our stud-
ies included only energy-independent analyses
(solutions 2-6 of Table I) in which the phases
were free to adopt any values as dictated by
the y' minimization.

Solution 2 of Table I is the standard Type-I
solution obtained by fitting to the data listed
in Table I. All of the data are fit reasonably
accurately with the exception of the Slobodrian
data. (If the Slobodrian data are deleted, a
precision fit can be made to the 19.2-MeV C&&
datum point. )

Solution 3 is the Type-II solution that we ob-
tain by fitting 8, P, and D waves to the data

shown. Since the AXX and C~~ measurements'
were made only at 90', they are not sensitive
to the (antisymmetric) P waves, and solution
3 is essentially just a fit to o and P data. Thus
we get a good Type-II solution. This is the
solution found by Slobodrian and coworkers. '

Solution 4 is obtained by adding the data above
25.63 MeV to the problem, a,s shown, a,nd car-
rying out a search. The Type-II solution is
in violent contradiction with the R and A mea-
surements. When higher phases are added
in the one-pion-exchange approximation, then
solution 4 goes over into solution 5, which is
the Type-I solution again. Adding I" waves
as free parameters also causes the same ef-
fect when the R and A data are included.

Solution 6 of Table I is the Type-IV solution.
While it can give a good fit to the o and P data,
it also is in violent disagreement with the R
and A data.

There is one question that arises in this kind
of analysis. If we include data from 18 to 30
MeV, the analysis cannot really be classified
as a "single-energy" analysis. Certainly the
changes in the phase shifts are appreciable
over this wide an energy span. We handle this
by assigning a (fixed) energy derivative to the
phase shift while allowing the phase shift to
vary freely. The energy derivatives are con-
ventionally taken from our energy-dependent
analyses. But the choices for the energy de-
rivatives can affect the analysis. According-
ly, for the present study, we tried a number
of different choices for the phase-shift slopes.
Some of these are indicated in Table I. The
slopes labeled NORMAL are from the standard
Type-I energy-dependent analysis. Solutions
2 and 5 of Table I have different slopes for 'P,
and 'P„and the effect can be seen to be very
small. We also tried slopes chosen to favor
the Type-II or Type-IV solution, and we freed
as many as nine phases at one time. Howev-
er none of our efforts altered the results shown
in Table I in any appreciable manner. We con-
clude that the energy spread of the data in Ta-
ble I has been adequately dealt with.

Our conclusions from all of this work are
the following: (1) Type-II and Type-IV solu-
tions exist that give a good fit to differential
cross-section data and to the Slobodrian polar-
ization data'; however, these solutions are in
total disagreement (by 9 or 10 standard devi-
ations) with R and A data points at 27.6 MeV.
They are, as we know from other analyses, '
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Table I. Phase-shift analysis of (p,p) data near 19.7 MeV. The solutions are described in the
The data breakdown shows the contribution to the least-squares sum y2 from each type of data

included in the analysis. ~ is the y sum divided by the number of data points.

Solution

Phases-Type

1
SO

1

I - 30A

50.9 51.5

3

II

52. 0

4

II

52.3 51.2

6
IV

51.2

1
D2

3
PO

0. 5

7. 1

0.8

5.4

0.7

4. 5

0.7

7.5

0.7

8.6

0.5

-6.7

3
p

1
-4.3 -2.2 4.7 3.2 -4.7 2.2

3
P

2
2.0 2.3 -3.0 -2.7 2.3 -0.6

-0.6 -1.0 0.5

F
2

0. 1 -0.2 (o. i ) 1.4

Slopes NORMAL NORMAL S, D, P NORMAL S, D, P NORMAL S, D, P NORMAL S NORMAL

Data

(MeV)

Searched

Type

8ga
b

NN

""xx'
5P'

b

""xx'
23Q

NN

b

1AxX'

1CNN

3Af

2R'

lag

lp

18.2

19.2
19.2
19.7
23. 5

23. 5

25. 63

26. 5

26. 5

27. 0

27. 6

27. 6

28. 16

30.0

MTOTAL

M19. 7

MTOTAL-19. 7

5.4
0.3

0. 1

37.3
0.0
0.5

13.6
0.1

2.8

0. 1

4.3

1.4
5.2

1.5
7.5

0.8

5.9
0.1

40. 2

1.3
0. 1

10.1

0.2

0.1

0.0

3.8
0.9

5.8
32
1.6
8.0

0.9

32

5.3

1.2
12.8
1.8
0.2

5.9

0.9

2.6

0.5

41
2

Per Data Set

3.0

11.5
10.2
3.5

2. 2

6.4

39.5

1.8
2.8

72. 1

110.4
0. 1

8.2

6.6

2. 0

7.3

41

8.8
1.5

40.3
0.0

0.0

9.1

8.0

0.7

0.9

6.4
0.2

0.1

0.4
1.9
8.1

1.0

49

12.1

8.0

13.5
7.7

4.8

18.0
14.5

1.3
15.7

139.4
2.3

38.3
5.9
2.7

6.2
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also in disagreement with the complete (p,p)
data sets at 142 and 210 MeV. (2) The Type-
I solution, which is required to fit our 839-

piece data set, ' cannot be made to fit the new

Berkeley data. ' In particular, two of the Slo-
bodrian data points at 19.7 MeV are 4 and 5
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standard deviations away from the Type-I pre-
diction. This result holds true for all of our
attempts to modify the Type-I solution as de-
scribed above. The statistical chance of a 5-
standard-deviation fluctuation is 1 in 2 X 106.
The value for M, listed at the bottom of Table
I, should be of order unity for a good fit to the
data.

A phase-shift analysis is, by itself, devoid
of predictive powers. It cannot be used to as-
certain that experiment A is correct and exper-
iment B is incorrect. But it can be used to
say that A is inconsistent with B. Ne have gone
through the rather painful discussion of phase-
shift analyses given above to convince the read-
er that there is no way in which a phase shift
analysis can be made to reconcile the new Berk-
eley polarization data' with all of the other
nearby (P,P) data listed in Table I. Of course,
it is possible that the Slobodrian data are cor-
rect, and that the few nearby points that con-
tradict these data are themselves incorrect.
However, if this is true, then the character
of the phase shift solution must change dras-
tically in going from 20 to 140 MeV. And there
is no other supporting evidence to suggest the
need for this change. Also, the dominance of
either a Type-II or Type-IV solution at 20 MeV
would pose great problems for the potential-
modelist, since it is widely accepted that the

nucleon-nucleon potential is dominated in its
outer parts by the one-pion-exchange mech-
anism, and one-pion exchange gives a tensor
splitting of the P waves at low energy that is
characteristic of the Type-I solution.

Since the technique used by Slobodrian and
coworkers, ' namely to bombard hydrogen with
alpha particles and produce a 100% polarized
low-energy proton beam, ' appears to be a de-
cisive improvement in experimental techniques,
and since the Berkeley group have made very
convincing checks on sources of systematic
and statistical error, it is of great importance
to have the discrepancy described here resolved
as soon as possible.
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We have observed a marked AK enhancement centered at 1.7 GeV with a width of 0.17
GeU in the interaction ~ p —AX m at 6 GeV/c. This effect does not show up strongly
in the similar interactions w+p AIC"~ w+~ . We discuss the production mechanism in

terms of 8 (direct) and t (crossed) channels, and examine the question of whether this
enhancement is associated with the +&~2*(1688).

In an investigation of m+p interactions at 6

GeV/c from exposures consisting of 280000
m pictures and 80000 7t+ pictures in the Brook-
haven National Laboratory (BNL) 80-inch liq-
uid-hydrogen bubble chamber, we report the
observation of a AK+ enhancement centered
at 1.7 QeV in the reaction m P- AK+m . This
reaction has been extensively investigated from
2 to 4 GeV/c and shows no evidence for this
enhancement. ' Relevant information concern-

ing this investigation in three-body final states
is shown in Table I.

The Dalitz plot and AK mass squared projec-
tion for each of the three final states are shown
in Figs. 1(a) through 1(c). The marked AK+

enhancement centered at 1.7 GeV is evident.
in Fig. 1(a), and the shaded area represents
the events which do not contain either K*(890)
or K*(1420). However, corresponding (AK)
mass plots in Figs. 1(b) and 1(c) do not show


