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Complete Sets of pp Elastic Scattering Experiments
in the Energy Range from 0.8 to 2.8 GeV

F. Lehar

DPhPE, CEN-Saclay, 91191 Gif sur Yvette, France

The experimental possibilities of the Saclay polarized beam and target
facility determine the choice of a particular set of observables for
the complete reconstruction of the nucleon-nucleon scattering amplitu-
des. The status of the pp part of the program and a summary of new re-
sults is presented. The influence of the new data points on the determi-
nation of the imaginary parts of the phase shifts is shown for several
partial waves.

§1. Introduction

The aim of the nucleon-nucleon program at SATURNE II is to determine the amplitudes
of pp and np elastic scattering in the energy range of the Saclay accelerator. The pp
part of this program includes the measurement of spin-dependent total cross section
differences AC,, and Ao, between 0.5 and 2.8 GeV 1) and the measurement of complete
sets of observables requiring polarized beam and/or polarized target, and/or rescatte-
ring of one of the outgoing particles.

§2. Experimental Facility

The polarization of the extracted proton beam is vertical and is flipped every
burst. The beam polarization is typically 907 below 1 GeV and 757 at the highest
energy. It is measured by a polarimeter in the first focus of the extracted beam. The
beam polarization at the final focus can be oriented in the normal (@) and longitudi-
nal (k) directions by a movable magnet system 1) . In conjunction with the polarized
target magnet the system also allows to produce a transverse beam polarization with
substantial s component. The transverse components % and 3 before entering the target
field are measured by a second polarimeter.

The polarized proton beam is scattered on the frozen spin polarized proton target

4,2 cm long and 2 cm in diameter. This target is
made of doped pentanol placed in a 3He-%He dilution
refrigerator cooled down to 38 mK. The target pola-
rization can be oriented in the 13, 1K or +s direc-
tions with a holding field of 3.3 KGauss. The rela-
xation time is 45 days for the intensities below
108 garticles/sec, it decreases to V14 days at

2.10° particles/sec.

Scattered and recoil particles are detected in
the experimental set-up shown in Fig. 1. The four-
fold coincidence of the scintillation counters
TD.XH3.TG.ZUl2 triggers the read-out of seven
MWPC's Cl to Cl4 . Each MWPC comprises three planes
with 2 mm wire spacing. The momentum of the scatte-
red particle is analyzed by a large apperture mag-
net, the time-of-flight of both of the outgoing
particles is measured .

The spectrometer and the polarimeter arms have
an acceptance of #11° lab horizontally and +5° lab
vertically. The polarimeter accepts rescattering
up to 12° at any point of the carbon analyzer.

SPECTROMETER 7Ll

Fig. 1. Experimental set-up.
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§3. Choice of Observables

For the beam, target and detector lay-out described above we have determined the

optimal complete set of observables for the reconstruction of the scattering amplitu-
des. This set, given in Table 1, optimizes the statistical precision for a given run-

ning time.
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Alternate sets of experiments involving also measurements with unpolarized beam or
with liquid hydrogen target were not retained since the counting rate capability of de-
tectors and data acquisition is already saturated using only fraction of the available
polarized protons. This upper limit still corresponds to sufficiently long relaxation
time of the target polarization. The observables 5,6,7 and 11 in Table 1 could be mea-
sured with liquid hydcogen target. This however would results in no overall gain since
it would require at least two more measurements.

The same set of observables(Table 1) is measured at all energies up to Ogy = 90° ,

in two positions of the spectrom
imposed by the condition, that t

eter arm. The minimum CM angles, at each energy, are
he recoil proton has a kinetic energy of more than 60
MeV for observables of type A and of more than 100 MeV for observables of type B.

The Table 1 shows the observables measured with the four different beam and target
configurations I to IV. The two signs of the beam polarization correspond to alternate

bursts whereas reversal of the target polarization corresponds to separate runs.

Data for observables of type A and B, respectively, are registered in separate runs
with different selection criteria. For the rescattering measurement the on-line micro-
processor selects events with scattering of more than 3° in the carbon analyzer. Seve-
ral of the observables are measured in different configurations.

The measurements I, II and III provide l1 observables (1 to 11 in Table 1) which

form a minimal complete set for reconstruction of the amplitudes. The two observables
12 and 13 measured in configuration IV provide redundancy in the analysis. All these

observables are linearly independent combinations of amplitudes

2)

In special runs with unpolarized target at 0.720 GeV and with unpolarized beam at

0.644 and 0.790 CeV the beam- and target-analyzing powers were measured separately

and were found to be equal within errors. For determination of the observables given in
Table 1 we assume Aj .o = Agoon aS required by Pauli principle, and Ponoo = Acoon BY
time reversal invariance.

The np part of the pro ramx) will cover the same angular region. The polarized
P g P

x) in collaboration with the group of Prof. R.Hess, University of Geneva, which has
provided the neutron detector.
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neutron beam from deuteron break-up will have a maximum energy of 1.2 GeV. The energy
range can be extended by using polarized protons incident on a polarized deuteron tar-
get. The scattered neutron will be detected in a counter made of 15 scintillator bars
20 cm thick, covering an area of 3 m horizontally by 1.2 m vertically. Assuming iso-
spin invariance, a set of np experiments as given in Table 1 will determine the I=0
amplitudes.

§

4, Present Results

The present status of the pp elastic scattering measurements is given in Table 2.

The Saclay group pre-
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together with the predictions of
the earlier phase shift analyses
(psA) 7,8) - full and dashed 1i-
nes - and other existing data
9,10) | The new Saclay-Geneva PSA
(see below) is represented by a
dotted line. Above 0.9 GeV the
angular distribution of Ajgoik shows
that this observable is decreasing
when approaching 90° cM 11)

An additional measurement at
0.874 GeV with only transverse
beam polarization (i and 3) has
yielded an independent result for
the parameter A, . (Fig. 3). Our
data at 6py > 50° connect smoothly
with the ANL data 9) at smaller
angles. The curve in Fig. 3 shows
the PSA prediction 7) for Agggk-
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Fig.3. Results for Aoosk'

The spin correlation parameter A,,,, and 0.8 |-
the analyzing power A,gno = Agoon Were de- 0.7k
termined at 11 energiles ranging from 0.5 to
1.1 GeV. In Figs. 4a,b are shown, as examp- B
les, the results for A, ,, at 0.702 and 0.6
0.874 GeV, compared with other existing da-
ta and with the PSA predictions /»8) . Our 0.5
data at 0.702 GeV clarify the discrepancy o4

between some of the previous results. At
higher energies the order of magnitude of
Asonn is as predicted by the PSA 8) but
not the angular distribution, except for
the minimum at about 75° CM, which seems
to develop with increasing energy. The va-
lues of Ajgnn at Ogy = 90° are slightly de-
creasing with increasing energy as it was
expected from the PSA in ref. 11). 0
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Examples of the results for A ono at 0
0.720 and 1.095 GeV are shown in Figs. 5a,b
together with most of existing data and

the PSA predictions 7,8), We observe

a progressive change of the shape of the
angular distribution A, o = £(8cy) cha-
racterized by a considerable change of

the slope when approaching O¢y = 90°.

A possible relation to the t-dependent
structure of A, ,, in high energy pp elas-
tic scattering is discussed in another
contribution to this conference (ref. 5 ).
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§5. Consequences for PSA -
The present data allow to extend the
phase shift analysis to 1.1 GeV using the
340 new data points above 0.8 GeV presented
at this conference (refs. 3,4,5 and 6 )
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Figs. 4a and 4b. Results for A . . .
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Figs. 5a and 5b. Results for Aoono'

The 314 new points below 0.8 GeV have already been introduced in the Saclay-Geneva
phase shift analysis ) together with other recent results from SATURNE II, SIN, LAMPF
and KEK. In order to illustrate the present status of the Saclay-Geneva PSA up to 0.8
GeV we present as examples the results for the real and imaginary parts of phase shifts
in the form of Argand diagrams. The imaginary parts of “Pg and 3P1 vanish in the new
analysis. The Argand diagrams for 3P2 3 1D2 s °Fo 3F3 and 1G4 phase shifts are shown
in Figs. 6a and 6b.

3 -
1 \ Figs. 6a and 6b.
b) Argand diagrams
a) for five phase
= shifts.
o8 RE
]
1
3 Gy
Fy o
08,
0.6

References

1) J. Bystricky et al.: Phys.Lett. 142B (1984) 130 .
2) J. Bystricky, F. Lehar and P. Winternitz, J.Physique (Paris) 39 (1978) 1,
3) J. Bystricky et al.: Measurement of the Spin Correlation Parameter Aookk(PP*PP)
between 0.72 et 1.1 GeV - Contribution to this conference.
4 )J, Bystricky et al.: Measurement of the Spin Correlation Parameter Aygnn for p-p
Elastic Scattering in the Energy Range 0.83 to 1.1 CeV - This conference .
5) J. Bystricky et al.: Measurement of the Analyzing Power A, .. for p-p Elastic Scat-
tering in the Energy Range from 0.83 to 1.1 GeV - This conference ,
6 ) J. Bystricky et al.: Measurement of the Spin Correlation Parameter A, ,, and the
Analyzing Power Ayono for pp Elastic Scattering in the Energy Range from 0.5 to
0.8 GeV - Contribution to this conference ,
7) J. Bystricky, C. Lechanoine-LelLuc and F. Lehar : Preprint DPhPE 82-12, revised
February 1984, Saclay 1984.
8) R.A. Arndt et al.: Phys.Rev. D28 (1983) 97.
9) I.P. Auer et al.: Phys.Rev.Lett. 51 (1983) 1l411.
10) I.P. Auer et al.: Phys.Rev.Lett. 41 (1978) 1436.
11) J. Bystricky et al.: Nuovo Cimento 82A (1984) 385,



Complete Sets of pp Elastic Scattering Experiments in the Energy Range from 0.8 to 2.8 GeV 289

DISCUSSION
FICK: Can you tell us briefly the physical interpretation of your phases?

LEHAR: 1Including our data, as well as the other recent data from Saclay and othc.
laboratories, the energy dependence of phase shifts connect smoothly in four energy
intervals of the PSA. The imaginary parts of 3P0 and 3P1 phase shifts vanish up to
0.8 GeV. We observe clear structure in the real part of the 3P2 phase shift around
450 MeV which may be those predicted by E. Lomon (MIT).

PLESSAS: For the development of theoretical models for the N-N interaction these new
data are important in that respect that they provide means to tune existing non-
relativistic models like, e.g., the Paris potential, in their extensions to include
inelasticities. Finally such data allow for a check of the validity of dynamical
assumptions like meson-exchange towards higher energies (up to the 1 GeV region).
Corresponding attempts have already been undertaken by the Paris group, for instance.

LEHAR: The final numerical table of all presented results is available. The Saclay
group will not continue the measurements of pp elastic scattering below 0.8 GeV.

UEDA: Would you have any phase shift analysis result at higher energies than 800
MeV?

LEHAR: Above 0.8 GeV we have only an energy dependent fit (using the PSA formalism)
of existing differential cross section data and analysing power measurements. There
exist only few other spin dependent parameters, except at 1 GeV, which are grouped
at several energies. At such energies the energy fixed PSA was performed up to few
GeV, e.g. by Prof. N. Hoshizaki (Kyoto). Our results will permit the extension of
the energy-dependent PSA up to 1.1 GeV in the near future.

SETH: Since people have speculated time and again about evidence for dibaryons in pp
phase shift analyses, I would like to ask if you would care to make any comments
about lack of looping in your 3F3 Argand plot.

LEHAR: I think that people have speculated about evidence for dibaryons mainly on
the basis of the measured experimental data (Aoyr, Aop, Agonn (90° CM) etc.). Our
PSA, which will change only little since practically all new data are already intro-
duced, show no conclusive evidence for the existence of a dibaryon in the 3F3 state.
I recall that the anticlockwise motion in the energy dependence of the Argand
diagram is only a necessary and not sufficient condition for the existence of the
resonance.





