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A, CERN EXPERIMENTS ON POLARIZATION AND SPIN-ROTATION AT giAB‘}G GEV/C

(1967-1971).

A.l1, Introduction,

The scattering matrix for pion-nucleon elastic scattering or charge
exchange depends on two complex amplitudes, functions of the center of mass
energy s and the four-momentum transfer t, Different representations may
be used for the amplitudes (Pauli-spinor amplitude, invariant amplitude,

8- or t-channel helicity amplitudes, etc...). For any representation it is
possible to determine the two moduli and the relative phase by an appropriate
set of three measurements at given values of s and t. In addition, the abso~-
lute phase can be determined at t = O from the ratio of the real to the
imaginary part of the forward scattering amplitude, given by experiment and
by dispersion relations. At t # O, the three independent observablgg to be

d

measured are the unpolarized differential cross-section 1Ifs,t) = at ’ and

two polarization parameters,

The unpolarized differential cross-section is proportional to the
probability for scattering averaged over all possible spin states of the
proton before and after scattering., The target is unpolarized and the detec-

tors are not sensitive to the polarization of the recoil protons.

In the polarization experiments the initi al state is a polarized one
(polarized target), and (or) the polarization of the recoil protons must be
measured. Both the target protons and the recoil protons at given angles ©
and \p are statistical mixtures of pure spin states. The initial and the final
polarizations are described by spin density matrices which are related to each
other by the scattering matrix. The physical quantities directly accessible
to experiment are the transverse and longitudinal components of the initial
and the final polarization. Theso called "polarization parameters" are three
scalars, functions of s and t, relating the three components of the final
polarization F} to the three components of the initial polarization ?; .
These functions describe the dynamics of spin effects and may be considered
as the spin dependent "observables”. Only two of them are independent obser-

vables, the sum of the squares of the three parameters being equal to 1.

R
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The definition of the polarization parameters depends on the system
of reference used to decompose the polarization vectors. The convention
used most frequently in the recent literature on pion-nucleon scattering

is to decompose the initial polarization ?2 into

kg
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£ = fPf’ . ! 2
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where ﬁi and ﬁf are the unit momentum vectors of the incident and the scatte-
red pion respectively, and where ﬁp is the unit momentum vector of the recoil
proton in the laboratory frame. The normal to the scattéring plane n is
defined as

ki x kg

=)
I

% % ke

(The directions of Ei and n do not depend on wether E} and i} are defined in

the laboratory frame or in the center of mass frame).

This convention about the systems of reference introduces the transverse
and longitudinal polarization components in the laboratory frame. It is ana-
log to Wolfensteins description of polarization and spin rotation in proton

carbon elastic scattering.

The three polarization parameters P, R and A for pion-nucleon scattering,
are defined by the relations between the initial and the final polarization

components, with this particular choice of the systems of reference,(Table 1),

The P parameter is given by the polarization F} of the recoil protons
when the target is unpolarized (?; = 0). In this case parity conservation
requires that ?} has the direction *+ n., The sign convention used in pion
nucleon scattering is that P is positive when the recoil protons are polarized
along + n. The magnitude of F} is equal to the absolute value of P, Applica-
tion of the spin density matrix formalism shows that P can also be determined
by measuring the left-righ asymmetry for scattering on a polarized proton target

—
with a polarization Pj normal to the scattering plane,

eeo ool
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In order to determine the spin rotation parameters R and A, or a
linear combination, the target must be polarized along a direction contained
within the scattering plane and either the longitudinal or the transverse

component in the scattering plane must be measured in the final state,

The moduli of the two scattering amplitudes and their relative phase
aregiven by the unpolarized differential cross-section I(s,t) and two of the
three polarization parameters P(s,t), R(s,t) and Afs,t). Table 2 shows the
expressions relating observables and scattering amplitudes in the case of

gs-channel helicity amplitudes.

Complete experimental knowledge of pion-nucleon elastic scattering
and charge exchange therefore requires three independent weasurements at all
values of s and t, for each of the two isospin states. Once this situation
is realized, the confrontation of theories or models with experiment will no
longer take the form of predictions for particular observables, or model fits
to individual data points, It will consist in comparing the experimental

amplitudes with those proposed by theory.

At present, complete sets of experiments exist only at 6 GeV/c incident

momentum, for -t ranging from 0.2 to 0.5 (Gev/c)z.

The polarization experiments in pion nucleon scattering at PLAB > 6 GeV/c
are those carried out at CERN from 1967 to 1971, and those now in progress at
the Serpukhov accelerator, (Table 3). The four-momentum transfer ranges from

about -t = 0,1 (GeV/c)2 up to -t = 2.0 (GeV/c)2 for some of the experiments.

The data used in the amplitude analysis come from the CERN-ORSAY-PISA
experiment for P in elastic scattering D"jl from the DESY-SACLAY experiment
for P in pion-nucleon charge exchangeEé]and from the SACLAY experiment for R
and A[Sj .

. . -
A.2. P in n%p elastic scattering (CERN—ORSAY—PISA)i}_3J

The principle of P measurements with a polarized target is the following :

A measurement of the left-right asymmetry for scattering on a target
with fixed polarization, normal to the scattering plane, would require exactly
equal for exactly known) detection efficencies for scattering to the left and
to the right. In the case of rapidly varying differential cross section, this
method would also be very sensitive to small errors in determining the effec-
tive beam direction with respect to which the angles are measured. These
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difficulties can be avoided by replacing the measurement of

UP ' DOWN UP DOWN
I by I for I by 1 ), "UP" and "DOWN" refering
RIGHT LEFT LEFT RIGHT

to the sign of the target polarization,

In fact
[P _ UP (P _  DOWN
p = 1 LEFT ~ "RIGHT _ _ _ 1 LEFT ~ "LEFT
- UP UP - UP DOWN
| %3] Tigpr * Tnicar 'Pi I Lierr % LigrT

because the equivalent measurements differ only by a rotation of 180° around

the beam axis,

The P parameter is, therefore, proportional to the relative change in

counting rate corresponding to reversal of target polarizationm,

The counting rates to be considered are those for elastic scattering
on free (polarized) protons in the target. Counts from all other types of
interaction must be suppressed or subtracted. The most powerful method for
reducing background counts consists in checking the coplanarity of the incident
and the outgoing trajectories, and the correlation of the scattering angles
for the outgoing particles., Elastic scatterings on free protons appear as
peaks in appropriate distributions, whereas background events show a smooth
behaviour., The amount of background under the "hydrogen peak" is typically
of the order of 10 percent at small momentum transfer, and increases to

about 507% or more at large t.

The results (Fig, 1 a, b) show that at all energies,the value of P rises
to a maximum at about -t = 0.3 (GeV/c)z followed by a minimum at
-t ~0.6 (GeV/c)2. P in #tp and n”p elastic scattering exhibits approximate

mirror symmetry :

Pft) = - P (¢t)
ntp n”p

the polarization for n+p scattering being positive,

The maximum of polarization at -t = 0.3 (GeV/c)2 decreases with

increassing s.

oo 1 ooen
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A.3. P in »~p charge exchange (DESY-SACLAY) ‘-

The principle of measurement is the same as for elastic scattering.
The direction of the n°® is determined from the showers produced by the pair
of photons. The direction of the neutron can be measured by neutron detectors
and its momentum can be determined by tie of flight, However, the experiments
at 5 GeV/c and at 8 GeV/c have not used any detection of the neutron, because
the low efficiency of these detectors would have led to prohibitively low
counting rates. The main selection criterium was the absence of charged
particles or additional vy~ravs in the final state, Without kinematic selec~-
tion of charge exchange on free protons, the background to be substracted
represents about 3/4 of the total counting rate, and because of the dip
structure of the differential cross-section, this ratio is not a smooth

function of t,

The results (Fig, 2) show a positive polarization which rises to a
maxirmum at -t = 0.5 GeV/c, In this experiment the maximum is of the order

of P~ + 0.5 or more, at 5 GeV/c incident momentum.

A.4. R and A in n7p elastic scattering (SACLAY)[sj

Measurements of spin rotation parameters require to scatter pions on
a proton target that is polarized along a directior in the scattering plane,

and to analyze the polarization of the recoil protons in a polarimeter,

The accessible interval of four-momentum transfer is fixed by instru-
mental limitations. It lies between t = - 0.19 (GeV/c)? and t = -0.51 (GeV/c)2.
Measurements at higher values of Yt‘ would imply prohibitively low counting
rates and, because of the high energy of the recoil protons, it would be more
difficult to analyse their polarization. Measurements at |t| < 0.19 (Gev/c)?
are made difficult by the large energy loss and multiple scattering of the
recoil protons in the target. Also, the analysis of protons with less than

100 MeV kinetic energy would require a different technique.

The target magnet must present a minimum of obstructions for particles
scattered in a plane that contains the direction of the magnetic field., The
most adequat solution was to build a superconducting aire core magnet with high
current density. The recoil protons, emitted at a mean angle of 72° with res-

pect to the beam, enter the polarimeter about one meter from the target,

oo /ol
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This detector is made of Carbon plates alternated with wire spark chambers
with core read-out, Seven scintillation counter hodoscopes associated with
a fast logic allow the spark chambers of the polarimeter to be triggered

mainly on elastic scatterings off the free protons in the target.

The experiment was carried out at CERN in 1968 and 1969. The main
features of the results are the following (Fig. 3 a-c) : A is always close
to + 1, while R is small and negative, with a possible exception for R(x+p)
at 6 GeV/c, at low four-momentum transfer. Both parameters show only weak
dependence on t within the interval covered by the experiment. R(n‘p) seems
to be smaller than R(ytp) at 6 GeV/c. R(p-p) and A(x=p) at 16 GeV/c are not
far from R = -cos Gp and A = +sin Sp, where ep is the laboratory angle of
the recoil proton. These would be the values for R and A, at all energies,

if direct channel helicity flip is absent,

B. AMPLITUDE ANALYSIS OF » N SCATTERING AT 6 AND 16 GEV/C.

The results of a combined analysis of the measurements of P, R and A
at CERN energ1est1 S]together with the data for the differential cross-sections

LQJhave been used for an amplitude analysis of the pion-nucleon scattering at 6

and 16 GeV/c 7] In terms of the s-channel helicity amplitudes we can write :
Ve (s) « »%p g _ ° 5 - ; 1
q £ ?x-p i + F
(+) (+=) (+)

for elastic scattering, and

v (s) ( a 1
—-q—- f —+ ? CEX g = - \/? F —+
(+-) : (+-)

for charge exchange scattering. F°® and F1 are the amplitudes for the isospin
T=0and T = 1 states in the crossed channel, and q is the center of mass

{ :
momentum, The amplitudes f s) are related to the observables by the expressions

given in Table 2.

At 6 GeV/c incident momentum the existing data amount to 8 independent

observables for 7 parameters. The absolute value of A is obtained from

A = * V 1 - P2 - Rz. The sign of A is given by the direct measurement
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of this observable in » p elastic scattering, yielding A O,

)(x'p) fif)

under consideration. The same must be true for x+p scattering, since elastic

( - .
This means that, as expected, f+i (r~p) in the t-region

scattering is dominated by F°, The resulting magnitudes of the pion-nucleon
amplitudes F$,, Fj_, Fl+ and Fi_ are shown on Fig. 4. Since R measurements
exist only up to t=-0.5 (Gev/c)2, the results at larger momentum-transfer
depend on the functions used to fit the data for this observable. Since only
relative phases of the amplitudes can be obtained from these measurements,
fig. 5 represents the complex ratios. The relative phases with respect to the
dominating amplitude F;+ are plotted assuming this amplitude to be purely
imaginary. Since this is approximately true at small t, the graphs represent
approximately the absolute phases of Fi+ and Fl_. The relative phase of F:_

with respect to Fi+ is always close to 180°.

The predictions for R and A in pion-nucleon charge exchange do not
depend on the absolute phases (fig, 6), First order zeros of A are expected
when the difference éFi+ i- fFl_i changes sign, First order zeros of R are
expected in the vicinity of the minima of iFi+l and gFi_’ where the phase

difference of these two amplitudes goes through 90°,

At 16 GeV/c we do not know the polarization in charge exchange, and R
has been measured only in m»"p elastic scattering. The six existing obser-
vables are not sufficient to determine the amplitudes, especially for isospin
T = 1 exchange. Only the F° amplitudes are given with a reasonable precision.
The t-dependence of 5F1+ ‘and éFi_i is very similar to the one at 6 GeV/c, the
relative phase of Fi_ with respect to F:+ is very close to 180°, similarly

to the situation at 6 GeV/c.

How do the experimental amplitudes at 6 GeV/c compare with predictions
of specific theories or models ? The answer is that all main features of the
experimental data are known since the Lund Conference in 1969, and that,
therefore, the experirental amplitudes are compatible with all recent models.
As an example we may consider Regge pole theory. This theory makes very
specific predictions about the phases and a first step would be to estimate
the phase [€:+ft) of Fiy which was used as reference. At t = 0, $'1+ is given

directly by the ratios rt

and r~ of the real to the imaginary parts of the
nfp forward scattering amplitudes. These ratios are known from experiment

o + -
and from dispersion relations. At 6 GeV/c f ++(t=0) ~ 100°, since E_—%_E— ~

t (-]
ctg é :+_2 -0.2, The t-dependence of ? ++ 1s unknown unless we use a model.
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If we want to compare the experimental amplitudes with those proposed by
Regge pole theory, it is reasonable to use the Regge phases for ‘E:+(t).

The phase at t = O determines the relative strength of Pomeron to[fo coupling.
Assuming this ratio to be true also for t # O, and using the standard slopes
of the two trajectories, we find that §,,(t) increases slowly with lt] and

-
reaches the value of 7, ~ 130° at t = -1.0 (Gev/c)?.

With these Regge assumptions about the phase of Fi+, it is possible
to calculate the absolute phases and to present the results in form of diagrams
showing the t-dependence of the imaginary and the real parts of each of the
four amplitudes. The results of an approximate calculation are shown on

fig. 7 and 8§ for the amplitudes with isospin T = 1 exchange.

The simultaneous vanishing of Re Fi_ and Im Fl_ at t ~ -0.65 (GeV/c)2
which is an inftrinsic result independent of the absolute phases, is in agreement
with the description of T = 1 exchange by exchange of the ? trajectory, and
with the interpretation of the polarization in elastic scattering by Pomeron- =<
interference., Regse theory alone does not necessarily require this amplitude
to vanish when 3? = at t . 0.65. But duality imposes a zero of the corres-

o~

ponding amplitude. The experimental symptoms are the dip in —%%~ for charge

exchange, and the vanishing of P in elastic scattering.

The marked difference of the t-dependence for Im Fl_ and Im Fl+ is
explained by Regge cuts which, at small momentum transfer have a strong effect
on Im Fi+ , but affect only weakly Im Fl_ . In diffraction models based on
the Harari-Freund conjecture, this difference is a necessary consequence of
the assumption that T = 1 exchange is a peripheral interaction. The exact
t-dependence of Im Fi+ and Im Fi_ depends on our assumptions about
the absolute phase of F:4"* The experimental symptom corresponding to the zero
of Iw Fl+ is the cross-over of the diffgrential cross-sections for xip elastic

scattering at t = -0.1 or =0.2 (GeV/c)z.

The amplitudes for T = 1 exchange depend particularly on the data for
polarization in charge exchange. _Ihe analysis{7]uses the CERN data at 5 and
8 GeV/c. An ingependent analysisié}has been carried out using the ARGONNE
data at 5 GeV/clg}. Around t = -0.5 (GeV/c)? there exists a significant dis-
crepancy between the two sets of data at 5 GeV/c, and the analysis based on the
ARGONNE data shows some quantitative difference. It would be very useful to

repeat polarization measurements in pion-nucleon charge exchange at 5 or 6 GeV/c.

o / L]

* In particular, the sign of Im Fl_ at it]) 0.5 (GeV/c)? is still undetermined.
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For isospin T = O exchange the amplitude Fi. is smaller in magnitude
than the non-flip amplitude by about one order of magnitude. Its relative
phase with respect to Fi4 is between 160° and 180°, both at 6 and at 16 GeV/c,
The interference of the two isospin T = O amplitudes, therefore, contributes
only weakly to the polarization in elastic scattering. The ratio
‘Fi_l /,(|F;+¢ vg;7:1) which may be considered as a test of s-channel helicity
conservation for T = 0 exchange, is significantly different from zero. In the
region from t = -0.2 to -0.5 (GeV/c)? this ratio is 0.17 + 0.02 at 6 GeV/c and
0.14 + 0.03 at 16 GeV/c. The preceding conclusions concerning Fi_ are intrinsic
results of the amplitude analysis in the sens that they do not depend on the
absolute phases. With the same assumptions made earlier about §:+(t), the
amplitude Fi_ is mainly negative imaginary, with a slowly increasing positive
real part. This rises the question if the helicity flip in T = O exchange is
characteristic of the Pomeron, or if it can be attributed entirely to f,
exchange., The present values of the phase, and the weak s-dependence of the

ratio of flip to non-flip amplitudes does not favor the latter assumption,

c. SERPUKHOV POLARIZATION EXPERIMENT (1971-1974)[}0’11}

In the Serpukhov experiment (Fig. 9a) the target is polarized in the
horizontal plane, perpendicular to the beam. The recoil protons from scat-
tering in the horizontal plane are analyzed in a polarimeter, yielding R,

(Fig. 9b). At the same time the asymmetry for scattering in the vertical plane
is measured and yields P, (Fig. 9c). Measurements of P and R in a 40 GeV/c
negative particle beam have been completed recently., TFor n"p elastic scatte-
ring P has been measured at four-momentum transfers from t = -0.08 to ~-1.5
(GeV/c)Z, and R from t = -0.19 to -0.55 (GeV/c)2. For K™p elastic scattering

P has been measured from t = -0.08 to -0.8 (GeV/c)z, and for R an average

value for the interval from -0.2 to -0.5 (GeV/c)2 is obtained.

For P in n”p elastic scattering (Fig. 10), the polarization is
P ~ -0.05 at small momentum transfer, in the region from t = -0.1 to -0.3
(Gev/c)?. This value may be compared to P = -0.09 at 14 GeV/c. The s-depen-
dence of P at small t, above 6 GeV/c incident momentum, is well fitted by
P~ s 2 with a = 0.52 + 0,05 (Fig. 11), At larger t values, between -1.0
and ~-1.5 fGeV/c)z, the polarization P is small and certainly less than 10 per
cent. Comparison with the CERN data at 6, 10 and 14 GeV/c[1'3]shows that

- with s, = 1 Gev2
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the polarization at large momentum transfer decreases rapidly with energy,

1 or more (Fig. 12). The polarization data at both small

with a slope of s~
and large momentum transfer are compatible with the interpretation of the
polarization in » p scattering by f and Pomeron interference. Predictions
by different Regge pole models and quasipotential models[lz‘lsjare shown

on figure 10,

For P in K'p elastic scattering at 40 GeV/c (Fig. 13) the polarization
is very small up to t = =0.2 (Gev/e)?2. The sign of P in this interval is not
defined within the present errors. From t = -0.2 to -0.8 (Gev/c)? P is posi-
tive and increases smoothly. At t = -0.6 (Gev/c)? it reaches a value of
P = +(0.04 £ 0.02). Comparison with the data at 6, 10 and 14 GeV/c shows
that K p polarization at this momentum transfer decreases with energy as
s-(1.5 % 0.5) (vig. 14). The data are not inconsistent with the description

of K p scattering by Regge pole models with exchange degeneracy.

The spin-rotation parameter R in »”p elastic scattering at 40 GeV/c
(Fig. 15) is negative, and similar in magnitude and in t-~dependence to the
values measured previously at 6 and 16 GeV/c. The data are close to the
values expected if the s-channel helicity-flip amplitude or the spin-flip
amplitude is identical to zero. Predictions of a five pole Regge mode1L13J

and of a model with Regge-Pomeron-Regge cuts[14}are shown on figure 4.

For R in K™p elastic scattering at 40 GeV/c, the experiment yields
only a mean value, averaged over the interval from t = -0.2 to -0.5 (GeV/c)z.
This value, Ryyy = -(0.09 % 0.23), is consistent, within large statistical
errors, with R in » " p scattering at the same energy. RK_p(t) :'Rn-p(t) is
expected if the amplitudes for isospin I = O exchange are the dominating ones

in both of the reactions at this energy.

The data for P and for R in n”p and K p scattering at small momentum
transfer, {t! ¢ -0.6 (GeV/c)z, will probably be fitted without difficulty by

an extrapolation to 40 GeV/c of any of the existing models.

The small value found for P in »~p scattering at larger momentum transfer,
between t = -1.0 and -1.5 (GeV/c)z, corresponds to an effective f -trajectory

showing no evidence for strong cut effects,

With respect to an eventual determination of the pion-nucleon scattering
amplitudes at 40 GeV/c from a sufficient set of experiments, only 3 of the

required 7 measurements have been carried out so far.
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At last comment concerns the relations between the polarization para-
meters in pion-nucleon and in nucleon-nucleon scattering at high energies.
If, at small t and sufficiently large s meson-nucleon and nucleon-nucleon
elastic scattering is dominated by a single trajectory of natural parity,
factorization reduces the nucleon-nucleon amplitudes from five to three, two
of which (single flip and double flip) are related to each other. The pola-
rization P would be zero, but the spin rotation parameters do not vanish,
Rxp(s’t) and Rpp(s,t) would be equal to each other, irrespectively of the
ratio of helicity flip to non-flip amplitudes,

Data for Rpp (Fig. 16) have been presented at the Batavia Conference
at 6 and at 16 GeV/c[16]. One observes that Rpp at 16 GeV/c is very close
to gn‘p at the same incident momentum., This is the situation one expects
if factorization holds, knowing that the T = 0 amplitude dominates., At the
same time one observes that both Rpp and Rx'p exhibit a t-dependence close
to R = -cos 9p which is the relation expected if s-channel helicity is

conserved,

A complete determination of the amplitudes for pp scattering is more
difficult to perform than for mp scattering., If, however, factorization is
assumed for the leading Regge poles Pand f,, the relations between the rp
and pp amplitudes for exchange of these trajectories reduce the number of

free parameters,

The main motivation for continuing the Serpukhov experiment with a
positive particle beam are the measurements of P and R in proton-proton

elastic scattering at 40 or 50 GeV/c.
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TABLE CAPTIONS,

Table 1. Definition of the polarization parameters P, R and A by the
expressions relating final and initial polarization compénents

on the laboratory system. See text for definition of ﬁ;, ﬁ},
— ‘o
kp and n.

Table 2., Expressions relating observables and s-channel helicity

amplitudes,

Table 3, Polarization experiments in pion-nucleon elastic scattering

above 6 GeV/c incident momentum (July 1973),
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FIGURE CAPTIONS.
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Polarization P in n'p elastic scattering P'3J

3 7
Polarization P in n"p elastic scattering'g'3;

h
Polarization P in »"p charge exchange[Q;

Spin-rotation parameter R in n+b elastic scattering at 6 GeV/c{S_

Spin-rotation parameter R in n"p elastic scattering at 6 GeV/cis}

.
Spin-rotation parameter R in n”p elastic scattering at 16 GeV/cLSI

: r
Moduli of s-channel helicity amplitudes at 6 GeV/c;ﬂ

Complex ratios of s-channel helicity amplitudes at 6 Gev/c.’.

5
Predictions for R and A in pion-nucleon charge exchange at 6 GeV/cL7]

Real and imaginary parts of the s-channel helicity non-flip ampli-
tudes for isospin T = 1 exchange. (See text for hypothesis about

the phase of Fii.)

Real and imaginary parts of the s-channel helicity flip amplitude
for isospin T = 1 exchange. (See text for hypothesis about the
phase of Fiy.)

Schematic views of target and detectors used for simultaneous P

and R meaSurementsL1°»11}

Detectors for R measurements, horizontal plane.

|
Detectors for P measurements, vertical planet}ol

Preliminary data for P in »~p elastic-scattering at 40 GeV/c Bl]

The curves show the theoretical values taken from refs.~@2‘15]

e 1ol
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Fig. 11 Energy variation of the first minimum of the polarization P, in
»~p elastic scattering averaged over a momentum transfer interval
between t = ~0.1 and ~0.3 (GeV/c)z. The straight line represents
a £it Ppyg = -(0.48 + 0.06) g~ (0-52 * 0.05) [10]

Fig. 12 Energy variation of the polarization Py, in n"p elastic scattering
averaged over a momentum transfer interval between t = -1,0 and
-1.4 (Gev/c)?.
RN
Fig. 13 Preliminary data for P in K p elastic scattering at 40 GeV/an-'.
The curve shows the theoretical values for P at 50 GeV/c taken

0
from ref. 14, .

Fig. 14 Energy variation of the polarization P, in K'p elastic scattering
at t ~ -0.6 (Gev/c)2,

Fig., 15 Preliminary data for R in »”p elastic scattering at 40 GeV/c.
The curves show the predictions by the models {13} and [14_? respectively.

., Fig., 16 Spin-rotation parameter C = 0.999 R + 0.052 A in proton-proton

elastic scattering at 6.0 and 15.75 GeV/c [16] . The solid line

represents the function -cos ep (see text).

—219 —



100

50}

-50

-100

100

50}

100

50t

100

50

100

50

100

50F

Pt { Andersson et al.
v s ”f ‘ } | 274 GEV/C
: . Ll I
1 2 R H {f It1 Gevic)'
r { ,
{[ Esterling et al.
l"'.,‘!}{{{{ { 1 515 GeV/c
! T2 Itl (GeVic)
: CERN-Orsay-Pisa
f f {
gy B f { ]l i 6.0 Gev/c
1 2 { | Itl (GeVic)?
CERN-Orsay-Pisa
{ 100 GeV/c
““'&'ﬂ' - i 1 } * 1 OO € .
| 1 2 It1 (Gevic):
r CERN-Orsay-Pisa
begy. g . » 14.0 GeV/c
Y 2 It (Gevic)
[ CERN-Orsay-Pisa
17.5 GeV/c
l‘u'* il i
Y 2 it (Gevic)

FIG. 1A ' p polarization results
— 220 —



Andersson et al.

%o | 2.4 (eV/c
100 ¢

50 | l [

° "gl : : { I ! 1 -~ 2

R R }{ ‘ | l t| (GeVl/c)
* !
-50 k
B }i {}

-100

Esterling et al.
_9.15_(eV/ic

N
o
¥
o b
- N

It (GeV/c)?

Xy

-100 L
T CERN -Orsay-Pisa
0 |ty — 2 6.0 GeVic _ .
0-0.‘ !* |t!(G evlc)
-50 } }’”{{I{I
-100 L
o}
‘ CERN - Orsay-Pisa
0 —'—_]_'Mi"l_””“‘*"—'*—? __J_Q.O Ge_\f_/g, »
e "m* tl{GeVic)
-50 | *H i ,} }
-100 L
40
. .[2 CERN—Orsa}uPisa
) < 14.0 GeV/C
0 e
e y MGeVic)’

‘Ht

-100

¥

F1G. 1B

- 221 —



P(t) T | T
TP_, TR
5k _'_ 4,90 GeV/c
0 | — 1
I
-5 L
5 L 3
H |
+ | 7.05 GeV/c
0 — —1
B
-5 i ] ]
0 0.5 1.0 1.5 2.0

FIG.2

— 222 —



.....

FIG. 3

— 223 —



‘o ISOSPIN O L ISO§PIN 1

-

s [me]t v

2 L 10°L— - L
9% -0.5 1 0 -05 -1

t (Gevici t ((.ie\llt:)2

FIG. 4

— 224 —



S '9l4

&+

Omu

3

1 4Y)

me

— 225 —






- L7~

TN ISOPIN T.1 EXCHANGE
HELICITY NON-FLIP

6 GeV/c

0.4

m b%(Ge\;/c 5'

03

0.2

0.1

Im Fl,

-0.1

FIG. 7




- 8¢

TN ISOSPIN T.1 EXCHANGE
HELICITY FLIP

6 GeV/c

Re F‘,,,__

-t (Gev/c)

-t (GeV/c)?

FIG, 8



FIC, 9a




8H

-l e e W

E

cl

69

i

IH

L

¢O

— 230 -




%6 "OI4

- 231 —




uL "9l4

¢'T
L(9/A39) 1 -

{sL1]

[z1]

[wt]

[g1]

/N39O du

1'0-

- 232 —

O



1T "914

00l 1]} t
T | v ¥ ¥ ! L — 1 1
:(A29)S
m/m/ .mo_.
§
4102
‘dxe siy|

w 410€

[2]1-j0y 1§ .

[1] 7498 }§

AO\OV.;UQ I.

- 233 —



- PAVR(W—-P)
N |
. \4
i Ny = -(1.2 ¥ 0.2 6eV/0)?
I
?\ 1.0
N
L. N
N
N
~N
~
, N
1 N
101
- bzw\
n ~N
_ N
6 10 14 4o
1072 J Tx T I | T |
2
10 2 30 50 100 SEV)

— 234 —



el "9l

,(3/A39) 7 -

|

L]
~—
° .’."..lci‘lll.olll\.\..\iﬁ\\

~—— T ) fﬁx

(1] 434 —

/A3 O d_)




w0l Kp
i P AT 0,6(GeV/c)2

1077

1 T 1 7 I

2
FIG. 14 s (GeV)

— 236 —



0.1

FIG, 15

R wp 40 GeV/c

m——  RBARGER & PHILLIPS [13]
=== GIRARDI ET AL. [14]
—— -cosOP
2
-t (Gev/e)
0.4 0.5
. +
. AT -
Tt
— | —
- e i



C=093%9 R + 0.052A

— |t]

705

-0.1

-Q2

0.5

_006

6.0GeV/c

-cos @ _ .

T

|
|

L]

! — |t
o 0.2] 0.3 0.4

0.5.

15.75 GeV/c

T

L

FIG. 16






