
palladium-hydrogen are explained not by the feature of 
the chemical bond Pd-H, but, for example, by the struc· 
tural changes of the crystal lattice. It is known that in 
palladium hydride, in contrast to the other hydrides of 
the transition metals, except CrH, the hydrogen fills 
octahedral vacancies without first filling tetrahedral va
cancies. [1] 

Since the capture probability of 1T- mesons by hydro
gen W'" 0 for strong OH-acids (HN03, H2S0J with a long 
ionic bond O-H, the value of W obtained by us for the 
hydride PdHo.67 refutes the hypothesis that hydrogen in 
it, as also in other metallic hydrides, is predominantly 
in the form of the proton H+. Preference should appar
ently be given to the idea of Gibbs [12] that H+ is H- in an 
excited state and exists in an insignificant amount in 
equilibrium with W. From this point of view, all the 
steric and chemical characteristics of palladium hydride 
are determined by the properties of the hydride ion H-, 
while the high mobility-by the specific properties of 
the proton H+ . 
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The polarization correlation coefficient Cnn was determined for the elastic pp scattering at energies of 550 
and 630 MeV for four scattering angles. The coefficient Cnn was determined by scattering a beam of 
protons of 0.34-0.36 polarization by a "frozen" polarized proton target with maximum polarization of 
0.98±0.03. The results of the measurements indicated that. in the investigated energy range. Cnn 

depended weakly on the angle and energy. 

PACS numbers: 13.75.Cs 

The energy and angular dependences of the polarization 
correlation coeffiCient enn were determined in the range 
550-630 MeV by measuring em for 550 ± 15 and 630 ± 10 
MeV and four scattering angles ,')=41, 69, 77, 91 0 and 
,') = 40.6, 69.6, 78, 92 0

, respectively (center-of-mass 
system). The experimental method and the features of 
the apparatus were described in detail earlier. [l] A po
larized proton beam of 0.34-0.36 polarization and a po
larized proton target of the "frozen" type with maximum 
polarization 0.98 ± 0.03 were used. The coefficient enn 

was determined by measuring the intensity of the scat-

tered proton beam produced as a result of scattering of 
the polarized beam by the target and this was done for 
various combinations of the beam and target polariza
tions: 1++, 1+_, 1_+, and 1 __ , where the first index iden
tifies the direction of polarization of the target and the 
second that of the beam relative to the normal of the 
left-hand scattering plane. 

The measurements wel'e carried out during five-min
ute exposures. The sign of the target polarization 
changed after 8-12 h operation and the sign of the beam 
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TABLE I. 

T ..... 550 MeV T-630 MeV 

~. dOl (cen., ~. dOl (cen-I 
ter-of-mass run I ter-of-mus 
system) system) ruoIl: run III I 

41 

I 
0. 174±0.012 40.6 

I 
0.129±0.01O 

69 0.171"'0.004 69.6 O.143±O.OO7 0.165±0.005 
77 0.186±0.OO5 78 O.174±0.006 0.171±0.005 
91 0.164±0.004 92 0.179±0.005 0.192±0.005 

Note: Experimental conditions in run I: 

run II: 
PT -O.89±O.03. [Pi - O.36±O.O2. -:=0. ~=O. 

. run III: 
PT = O.89±O.03. pi = O.322±O.ot6. ,= O.03±O.02. ~ - O.17±O.05: 

PT = O.93±".03. pi -o.il4±O.02. ,= -O.03±O.02. ~ = O.12±O.05. 

polarization after 16-24 h. The background due to com
plex nuclei in the polarized target (propanediol C2He<>Z) 
was determined for the scattering of an unpolarized pro
ton beam by a hydrogen-free equivalent of a polarized 
proton target (activated charcoal). The angular resolu
tion of the detectors was ±0.75° (laboratory system). 
A computer was used to control the stability of the ex
perimental conditions and to record the results. 

Measurements of the four intensities I •• , 1._, I .. , and 
1 __ made it possible, in principle, to determine four in
dependent quantities, for example, the intensity 10 of the 
scattering of an unpolarized beam by an unpolarized tar
get, C"", target polarization, and beam polarization. 
Thus, the problem of determination of C"" could be 
solved by the method of least squares without data on the 
beam P B and target P r polarizations. However, in prac
tice it was not always possible to maintain the absolute 
signs of the beam and target polarizations during their 
measurements. The number of unknowns then increased 
to six and additional data (for example, the polarizations 
P r and P B ) were needed to determine them. In our case 
the target polarization P r was determined by the NMR 
method and it was checked at 630 MeV by comparison 
with the elastic pp scattering through 20 ° (laboratory 
system). The beam polarization P B was measured with 
a special polarimeter[1] which gave the asymmetry of 
the elastic pp scattering through 20° (laboratory system). 

Four values of the intensity 1 determined experimen
tally for various directions of P B and P r made it possi
ble to deduce the following asymmetries: 

£+-. +-=(/++-1 ~+1-___ -I_+) (/+.+ +. I+_~/--+1-+)-"1 
8+_._-(/+_ 1-_)(/+_+1-_) , 
8+_. +=(/++-1-+) (/+++1-+)-', 
Il+, +-=(/++-1+-) (/+++1+_) -I, 
Il_. +_=(1-_-1-+) (1--+1-+)-'. 

(1) 

The identity, within the limits of the experimental error, 
of the values of C"" deduced from differenttypes of asym-

TABLE II. 
T-630 MeV 

;, deg (een-I run Il ~. deg I run II: , ruo III 

ter-of-mass 

I 
(center-of· 

system) 
cnn C(/iI) mass syt- Cnn Cnn nn 

tern) 

41 I 0.54±0.05 

I 
0,57 

I 
40.6 I - I 0.44±0.05 69 0.58±0.04 0.59 69.6 U.55±O.06 0.54±0.05 

77 0.53±0.04 0.55 78 0.66±0.06 0.56±0.05 
91 0.51±0.04 0.53 91 0.69±0.05 O.64±0.05 
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C(/it) 
nn 

0.46 
0.56 
0.63 
0.68 

Cnn 

III 7,0 

a8 I a6 I~t 

1 
ilt, 

t 

aZ 

400 600 800 TOOO TZOO 
T,MeV 

FIG. 1. Energy dependence of the polarization correlation 
coefficient em of the elastic pp scattering through J= 90· (center
of-mass system): 0) average data for 307, 330, [5J 315, [6J 
320£71 MeV; () average data for 382, [8J 386 and 415, [5J 399[9J 
MeV; 0) 449, [9J 575, floJ 650, [ltJ 683, [12J 745 and 1190[13J MeV; 
e) 610 MeV, [1] 550 and 630 MeV-our results. 

metry (1) should be evidence of the absence of significant 
systematic experimental errors. 

RESULTS 

The asymmetries E+_,+_ found are listed in Table I. 

Table II gives the values of C"" deduced from the mea
sured asymmetries E+_,+_ : 

c •• 1l+_.+_[1-0.5(~PB+rPr) Ppp ·n) 
(2) 

where Pl>l> is the polarization in the elastic pp scattering; 
T=l-F;.IPT; tl=l-P~/Ps; PB=P s ; Pr=Pi-; p;,(p;.) 
and P~(Ps) are the target and beam polarizations, re
spectively, with the positive (negative) directions rela
tive to the normal n of the left-hand scattering plane. 

The errors in Table II include not only the random 
errors but the errors in the measurement of the target 
polarization (aPrlPr =0.03) and of the beam polariza
tion (aP B Ip B = 0.06). For comparison, Table II in
cludes also the values of C~!it) obtained if the asymme
tries (1) are found by the least-squares method assuin
ing that C"'" T, and tl are free parameters. 

The values of C,," for 630 MeV were used to refine the 
phase analysis of the pp scattering at 630 MeV, carried 
out by us earlier.£2J It was found that the set of values 
B found earlier[2] should be rejected in accordance with 
the X 2 criterion (X 2 I? = 1. 24 for ? = 246, reliability 
level 0.006) if the phase analysis was carried out USing 
the earlier data. [2J However, if the phase analysis in
cluded the data on the differential cross sections of the 
elastic pp scattering through small angles taken from 
the work of the groups of Vorob'ev and Zul'karneev, [3,4J 
the description of the experimental data deteriorated so 
much that both sets had to be rejected in accordance with 
the X2 criterion. 

Figure 1 shows the energy dependence of the polariza
tion correlation coeffiCient C",,(900) for the scattering 
through 90° (center-of-mass system). It is clear from 
Fig. 1 that an increase in the energy from 550 to 630 
MeV resulted in some increase of C,," by an amount 
equivalent to 3.5 errors. Unfortunately, the high-ener
gy data were insuffiCiently accurate to draw any definite 
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FIG. 2. Dependence of em/PI>/> on the scattering angle {} (cen
ter-Df-mass system): .) 610 MeV; [1] e) 630 MeV, ~) 550 MeV
our results; 0) 415 MeV; [5J 0) 307 MeV; [51 ~) 683 MeV; rt2] 
X) 735 MeV; [13] 0) 1271 MeV; [15] +) 2200 MeV; [15] 'V) 11470 
MeV. [lS1 

conclusions on the energy dependence of the polariza
tion correlation coefficient between 630 and 1000 MeV. 

Durand and Halzen[1~] have shown that when all the 
spin effects in the pp scattering are due to a weak spin
orbit interaction, the following relationship applies 

Cnn(S, t)IPp.'(s, t)=f(t), (3) 

where sand t are the Mandel'shtam variables. Although 
we could hardly expect that the assumptions made by 
Durand and Halzen[l4] to derive Eq. (3) are valid at en
ergies of 550-630 MeV, nevertheless we used the values 
of Cnn obtained at 550, 610, [ll and 630 MeV to check this 
relationship. Such a check indicated that the values of 
the function /(t) corresponding to -1)=41 ° (t =0. 25) con
firmed satisfactorily the scaling behavior of the relation 
ship Cnn(s, t)/p!p(s, t) even beginning from the energies 
550-630 MeV used in our experiments. 

At higher scattering angles the values of the ratio 
Cnn(s, t)/P!b(S, t) begin to deviate considerably from those 
obtained by Durand and Halzen[l41 for higher energies. 
ThiS, however, can be explained by the fact that for t 
=-MT, where M is the proton mass and T is its kinetic 
energy, the polarization in the pp scattering vanishes 
(-1)=90°), whereas the polarization correlation coeffi
cient remains finite. The influence of this singularity 
of /(t) can be eliminated by conSidering the dependence 
of the ratio Cnn/p!p on the scattering angle -I) for all the 
currently available data on Ppp and Cnn , beginning from 
300 MeV. The resultant dependence is shown in Fig. 2. 
It is clear from this figure that the majority of the val
ues of the ratio Cnn/p!p deduced from the published data 
is clustered satisfactorily around a certain common 
curve with the possible exception of the 600-735 MeV 
range. 

883 Sov. Phys. JETP 46(5), Nov. 1977 

This may be due to the energy dependence of Cnn(900) 
in the range 600-735 MeV. It seems to us that this be
havior of the ratio Cnn /P:p can hardly be explained by 
the existence of a weak spin-orbit interaction at such 
low energies. 

The authors are grateful to Prof. L. I. Lapidus and 
to B. Z. Kopeliovich for interesting discussions. 
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