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ABSTRACT 

Differential elastic cross sections and pola
rizations are calculated In a multiple scattering formalism for 
proton-*He scattering for energies in the range 0.6-24. GeV and for 
momentum transfers up to 4.0 fm" 1. The calculations Include Coulomb 
and spin effects. Corrections due to taraeb-nucleon overlap and charge 
exchange are estimated. The results are compared with experimental 
data. 
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I, INTRODUCTION 

Proton-'He elastic scattering has been the 
subject of a number of experimental investigations providing a 
unique set of data covering a wide intermediate energy range. On the 
other hand, particular aspects of the experimental differential 
cross section in the 1 GeV region, namely the absence of the pronoun
ced diftractive minima predicted by simple models, render its study 
as a function of the Incident proton energy aspectsi1y interesting. 

"Ihe aim of the present paper is to provide 
a systematic analysis of proton "Be elastic scattering from 0.5 to 
24 GeV, within the multiple scattering model of Glauber 11). Previous 
works by Bassel and Wilkin 1 2], and Czyi and Lesniak [ 3] have 
already brought out the dominant features of the model predictions. 
The basic ideas have been summarized in the review article by 
Saudinos and Wilkin [41. In the present work we shall include 
Coulomb and spin-dependent effects, which are known to be especially 
important at the diffraction minima of the differential cross 
section [5,6]. Furthermore, the systematic corrections to the eikonal 
approximation developed by Wallace f 7] have given is a practical 
tool far estimating the overlap effects of the particles constituting 
the target nucleus. 

Throughout the present analysis, we have 
maintained a minimum of parameters by using quite simple amplitudes 
and form factors. More elaborate parametrizations may eventually 
prove to be more suitable. However, given our present fragmentary 
knowledge of the nucleon-nucleon amplitudes (especially the lack of 
small angle data), there is no need to encumber the analysis with 
redundant parameters. 

Section II of this paper provides a brief review 
of the formalism ; overlap effects are discussed In section III. 
Basic ingredients for the calculations, i.e. nueleon-nucleon ampli
tudes and the "He form factor, are given in section IV. Fits to the 
elastic differential cross section and polarization data at various 
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energies arc presented and discussed In chapter V- Conclusions are 

summarized in VI. / 

II. FORMALISM 

We have employed the multiple-scattering 

eikonal model of Glauber [ 1] for which the elastic hadron-nucleus 

amplitude takes the form 

l'(y) - H y V r , . . . d > r A p ( A ) (r,,...rA) {(r r ±> 

(1) 

Hnre, 

oi" thtf projectile from the j-th target nucléon ; k and k are the 

incident momentum in the particle-particle and particle-nucleus 

centre-of-muss system, respectively ; g is the momentum transfer. 

The nuclear structure information is contained in the many-body 

ground state density p (r ) f...,r B) of the target nucleus ; the 

vector s, represents the projection of the position r. of the j-th 

nucléon in the plane normal to the incident direction. 

As usual, the target nucléon overlap is 

supposed to be négligeable and consequently the phases are additive, 

which in turn allows us to introduce, in eg. (1), the experimentally 

determined amplitudes f.. We also assume that the average Coulomb 

phase, calculated from the total charge distribution, can simply 

be added to the strong interaction phases [ 5 ) . Although the Coulomb 

phase is quite small compared to the strong interaction phases, 

(except at very fo.cward angles} f it has noticeable influence at the 

diffraction minima where it interferes according to the sign of the 

real part of the £-. 

The centre-of-mass constraint represented by 

the OAilta-function in eq. (1) is of considerable importance for 
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light nuclei- It may be treated in several ways, formally equivalent, 
but of greatly differing utility. For simple systems such as "He, 
one may directly carry out the Integrations as was shown by Bassel 
and Wilkin [2] , or one may employ the Gartenhaus-Schwartz 
transformation {8] which reduces to a factor!zed correction term in 
the case of simple gaussian densities. For other densities/ and as 
goon as the elementary amplitudes deviate from a simple gaussian 
behaviour, both methods are of considerable complexity. To an 
accuracy consistent with the approximations of the model and the 
precision of the available experimental parametersf we find that 
for momentum transfers which extend up to the second diffraction 
maximum for p-^He scattering, the centr^-of-mass effects can be 
taken into account by describing the centre-of-mass motion through 
an s-state harmonic oscillator wave function. This procedure leads 
to a simplified expression for the scattering amplitude : 

F(g) = ik R(q) j e

l ^ ' h [ i-{i- j v (D-S) p (r)d3r) e c 1 d2b (2) 

where 
R(q) = e < r 2 > « V » { 3 , 

and <r 2> is the mean square radius of the target density. The 
function x c( b) denotes the Coulomb phase. We have also used the 
fact that the profile function V (b) is related to the elementary 
amplitude f (q) by a Fourier transform. Assuming that the nucléon-
nucléon scattering matrix can be approximated by A- and C- terms 
only (see next section for a detailed discussion), the profile 
function will contain a spin-independent and a spin-dependent part. 
Following Glauber and Franco [ 9), and Kujawski I 6) , the spin 
dependence is treated in a simple way, i.e., by assuming that, all 
the spin-dependent parts of the r-functions commute, which leads 
to the following expressions : 

/"r('D-slp(r)dJr = T(b) + o.(bAk) T g(b) (4) 

with 

T ( b > = TS~ / J o 'l b ) A ( (*> s l ^ «** (5) 



T s(b) = £- /"j,(qb) C(q) S(qj qdq (6) 

In the two last equations, the function 

S(g) represents the nuclear form factor. Note that in eq. (4) the 

spin-operator acts on the incident particle only, contributions 

Involving 0..0. terms acting among the target nucléons have been 

neglected. 

Introducing (4), (5) and (€) in equation 

(2) allows us to write the scattering amplitude in the general 

form 

F(q) = F, (q) + o.n F 2 (q) 17) 

where n is a unit vector perpendicular to the scattering plane. 

The differential cross section and polarization are then given 

by 

§§ = |F,(q)| 2

 + |F 2 <q)\* (8) 

P = 2 Re (FÏ F 2 ) / §£ . (9) 

III. TARGET HUCLEON OVERLAP EFFECTS 

A. Overlap formalism 

The original Glauber model [ 1] supposed the 

target particles to be non-overlapping, thus giving on-shell 

propagation between successive collisions and a phase equal to the 

simple sum arising from each scattering of the projectile. Since 

the typical range of hadronic forces is of the same order of 

magnitude as the average nucléon separation In nuclei, it is appro

priate to investigate the importance of nuclear overlap and the 



resultant non-additivity of phases for any realistic calculation. 

The multlparticle eikonal formalism ( 7) , which we resume briefly 

here, provides the means to correct systematically for overlap and 

off-shell effects. 

The projectile target system is parametrized 

by the position vector S • {r,r\,...rA) and its projection into 

the impact parameter plane 3 = {b,6,,.. .Êft} . The elastic scatte

ring amplitude is given by 

Tig) = - v TdS e q , b <0|T E (S) 11» (10) 

where 

T E(B) = - i le
1*' 5' - 11 (11) 

= - i fSE(ï) - 1] 

The elkonal phase function may be simultaneously expanded in inverse 

powers of the momentum and in the number of particle interacting 

at the same time : 

» A+i » 

• (Î) = L * n

< 2 > + S £ «n 0"* • U2) 
n=0 N=3 n=N-2 

The index n Indicates terms of order n in the inverse momentum k~ 

(with respect to the lowest order term) and of order n + 1 in the 

interaction (potential) ; H indicates the number of particles 

interacting simultaneously. We have isolated the two-particle terms, 

since they sum to the exact projectile-target nucléon amplitude 

which may be taken from experiment : 

f ( q ) " 2FÏ / d È e l Q b f S E ( 6 ) " l ] < l 3 J 

To lowest order in k~ and V, the square bracket is just the 
fami lax profile function of Glauber [!\ 



*o<bi "- hrv<r,az 
(14) 

Whether calculated to a particular order in the potential, or taken 

from experimental amplitudes, the two-particle terns may be facto-

i'ized from the overlap (N>2) terms : 

SE(B)= [^.""'«iS-SiDjKB, (15) 

with 

A+l <° . 

*»>»«* J E E *nW,j 
1 n-3 n=N-2 

Because N-particle terras first occur with 

coefficients k " with respect to the leading non-overlap terms, 

we will estimate the effect of target overlap at high energy with 

a simplified expression 

• » > . X l » > -~<1 + b.* b)J d* 2J Vllr-rjjvtlr-r.jl) 

i*j-l 
(16) 

B. Effective potential 

Terms with w > 2 require knowledge of the 

potential (or, equlvalently, the off-shell two-body amplitude), in 

contrast to the two-particle phases which may be taken directly 

from experiment. The choice of interaction is in general not unique. 

As a convenient and rather realistic choice we may use the Abel 

transform [1,7] to invest the eikonal relation between the scatte

ring amplitude and the potential of eg. (14) : 

v (ri = 1LÏ -i a- f X"')bdb ,,7i 

V" "T r dr / UZ^U2 • l l 7 > 



For the particular case of the optical-
theorem parametrisation of eg. (21), V E is particularly simple (71. 
Since the V_ occurs as a product with the nuclear form factor 
P c(q). the fall-off of the 'He form factor is such as to limit the 
important contributions of V„ to small q (i.e. the long-range part 
in configuration space) t in this domain, the nucleon-nucleon V. 
is well approximated by a gaussian form \ 7] . 

C. Optical model 

E 

On may approximate the overlap correction 
icing the pair de 

averaged over the target ground state 
of eg. (16) by introducing the pair density function p' ' (x,y) 

< X , ( 3 ) ( D ) > S - (1 + D.? h) * 
2kn 2v ! D (18) 

* / dz // d 3x d'y <p(2,(x,y)>V(lr-x|)V(|r-y|) 

An even rougher approximation, actually appropriate to large nuclei, 
where the correlations are translationally invariant ( 71, is given 
by 

< X l
 ( 3 ) <i5»a - - A (fi'^ U+b §r) (*" -âî- P V ) fd'kC(k*)V|(k2) (19) 

2kft2V* J „ (2ir)3 J E 

where p is the single particle density ; c and V are respectively 
the momentum space representations of the target pair correlation 
function and the projectile-nucleon effective potential. 

For the particular case of "He at our energies 
one may verify that the different expressions for the overlap term 
give roughly equivalent results ,• at the small angles of importance 
to our calculations, the effects are quite small as will be seen 
in chapter V. (We do not propose that this Is necessarily true for 
other light nuclei). The optical model expression of eq. (19) is 
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especially convenient for calculation and interpretation -

IV. THE NUCLEON-KUCLEON AMPLITUDES AND "He DENSITY 

A. N-N Uiupiitudes 

The most general representation of the 

nucleon-nucleon interaction consists of five amplitudes [10] . A 

complete determination of these amplitudes requires numerous 

difficult experiments which have not yet been undertaken at inter

mediate and high energies. Consequently it is usual to retain only 

two amplitudes and to assume, as we shall do, that the scattering 

matrix is given by 

**<qî » A(q) + c<q) (ax + a 2) .n (20) 

w.-.ïre n is the unit vector normal to the scattering plane determined 

by K. r. kt. . The amplitudes A and C are parametrized in a form 

suggested by che optical theorem for diffractive scattering and 

fxequently usee! at high energies 

.-,. k 

A(<j) ^ _ i _ « ( 1 + a ) e x p (-3 q*/2) (21) 

U 

for iii'i spin- independent p a r t and 

-i,,fc , r—<*-

C l l J ) = "vr 'V?M*
 ( i + V D

S

 e x P ( ~ 6 s <*l/2) <22) 

for the spin-dependent part [6]. In those expressions, u_, is the 

total cross section, a ta ) .the ratio of real to imaginary parts 

of the amplitude, 6(0 ) the slope parameter, D„ tâe relative 

strength of the spin-dependent amplitude, and M is the nucléon 

mass. 

Obviously a more complete parametrization 

would require an expansion of the amplitudes in terms of polynomials, 

together with complexe slope parameters. However, tha lack of very 
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accurate erperiraenr.il data, especially at very forward angles 
(namely in the anjular domain relevant for nucleon-nucleus scatte
ring) does not warrant such refinements at present. This situation 
may be altered whuu improved nucléon-nucléon data become available. 

! I 

A S far as »•(q) is concerned, different values 

have been usee) for £.>roton-proto« and proton-neutron scattering, 

whereas for th«; spin-dependent part we assume C^ ,(«) * C (a) . In 
. *• F pp pn 

order ta ciK tU«j parameters appearing in eqs. (21) ana (22), we 

fit the exprariinentai values of <̂ ct, j3r the differential cross 

sections and polarisations summarized in data tables I 11] « In the 

case of e. we have employed tue recent small angle measurement 

of the University o£ Geneva group i12), which, around 600 MeV, 

yields values in good agreement with dispersion relation estimates 

1131 - An example of our fits is given in figs. I and 2 where thu 

calculated clif rirent là.', cross sections and polarizations correspon

ding to l GsV inc'iû'jnc energy are displayed and compared to experi

ments! daCct. HuiO wt- shall point out that between 550 and 650 MeV 

it i» necessary to go beyond inn simple forms f21) and (22) to 

reproduce differential cross sections and polarisations accurately. 

This can be achieved, for instance, by letting a vary with g, the 

vaiiation being slightly different for pp and pn amplitudes. Since 

in ''He, proton rinc* nuiutruu densities can be taken equal to a good 

accuracy, we ï>.i*i actually used average values, which are listed 
in Labia i. JTn particular, the averaging procedure allows us to 

neglect the dependence on q of a around 600 MeV. 

B, *Iie-deuîîity 

According to equations (1) end (2), the 

'nacinar structure enters the problem cither through the w-body 
( N i -*• •*• density f»1 -(ri,-..,rw) or the une-bedy density p(r). In order to 

keep the numerical calculations at a reasonable level, we have 

choson to use u .toriu proposed JJV iiu^sol nnd Wilkin I 2] and by 
Chou (14| , noiittiHv' 

, * -, -, ., * 
(rj,r s,r,,j:0 -•• K U (« 

~4* 
(23) 

http://erperiraenr.il
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where N is a normali2ation factor. The coefficients K , , K 2 and C are 
determined by requiring thai: the corresponding charge distribution 
yields a good fit to the electromagnetic form factor measured by 
electron elastic scattering. Two sets of parameters are given In 
table II and the corresponding form factors are plotted in fig. 3, 

In our case, since we are treating the 
centre-of-mass constraint in an approximate way, we start from the 
one-body density 

—K^r' —tc^r' 
p{r! •= N (e ' - C e * ) (24) 

=ind determine the parameters by a fit to the charge form factor 
using our approximate method. The values are also given in table 11 
and the results shown on fig. 3. This procedure is obviously not 
valid at large momentum transfers. .However, it yield reasonable 
results for up to q * 4 Em" 1. 

V. CALCULATIONS FOR p-'He 

Using the formalism briefly described In 
section II, together with the nucleon-nucleon amplitudes and ''He 
densities of section IV, we have calculated the differential 
cross section and polarization for elastic p-'He scattering at 
energies ranging from 500 MeV to 24 GeV. The angular domains consi
dered here correspond to a maximum momentum transfer 9 m a x • 4 fm"'; 
it involves the first diffraction minimum and the second maximum 
of the differential cross section. 

Since our calculations include centre-of-mass 
effects only in an approximate way, we have first checked on a 
simple example, which can be treated exactly, that our prescription 
gives a fair description of the physical situation, at least for a 
reasonable range of momentum transfer. As shown by Bassel and 
Wilkin ( 2] for the spin-independent amplitude, neglecting the 
Coulomb phase and using densities of the form (10), enable the 
integrations involved in eq. (1) to be carried out analytically. 
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The comparison is shown explicitly fox l GeV incident protons. The 
curves are displayed in fig. 4. In this case we see that the 
uncertainties brought by the approximate treatment of the centre-of-
inass constraints are miner and are in fact smaller than those arising 
from the u^proaimav.A fii-.a to the form factor, one should be very 
pruàent, however, in applying onr prescription for large momentum 
crunsferâ. Likewise one should verify that the satisfactory agree
ment; shown in fivj. 4 for spin-independent amplitudes is obtained 
i.u more general cases. 

Thu differential crot.. . ̂ tion Uas been 
calculated Tor incident proton energies of 0.6, 0.72, 1.05 ami 
2A GeV. The ro:tnlts are displayed in figs. 5-9 together with the 
.-.y.i*-.cimentai values. 

At GOO MeV, the data are taken from Boschitz 
eL al. ( t5| and from Vwhecfc et al. [ 161 , as well as from the 650 MeV 
r'iim of the! Saclay nroup 117J . At 720 MeV we have considered the 
oac.Uci: data of McHunigal et al. [ 18] , and those of Verbeck et al. 
I lu| . For the 1 GeV region, we have used the data of Palevsky 
at, dl. [191 and of the Saclay group (201 . Pinally, at 24 GeV, the 
UaLi. come trow the work of the Clerraont-Ferrand-Lyon-Strasbourg 
ooilaburatx-jti \ 2ii . 

In general the model reproduces rather well 
rj,t3 J.'tctin features of the experimental data. The good fits obtained 
r.o th« 600 MoV data snoaid be interpreted with some caution since 
our nucleon-jiucieon amplitudes were rather approximate. In this 
tuioccjy range more tic-bailed calculations would be desirable. 

The siidpe of the forward diffraction maximum is 
in very clo;*" agreement with experiments up to momentum transfers 
of 2. - 2.2 .~iu~\ In this momentum-transfer range the behaviour of 
une différer:liai, cross seoti.on is determined essentially by the 
slope of t;:.. spin-independent amplitude A(q) and by the nuclear 
ton» factor. No.-•-: here thiit we have avoided problems of absolute 
normalization, allowing the 725 MeV data of McManigal et al. I 181 
and the l GeV data of Palflvsky et al. [19] to be re normalized by a 
constant multiplicative factor is sufficient to bring these data 
.in excellent agreement with che corresponding calculated curves up 
i-O q *» > tm" '' . 
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At intermediate energies, the theoretical dif
ferential cross sections fail to reproduce the experimental situation 
very well beyond g - 2 fro- l > There is a net tendency to predict a 
diffractive pattern which ia more pronounced than tlr one measured 
experimentally, especially at 1 GeV, if we omit in the comparison 
the three pointB determining the minimum in the Brookhaven experi
ment [ 19). The position of the theoretical diffraction minimum is 
shifted by Aq » .1 - .2 fm"1 towards the small angles with regard 
to the experimental one. This shift is accompagnied by a systematic 
under-estimate of the differential cross section between 2.1 and 
2.4 fm~' momentum transfei, the discrepancy reaching a factor of t'.o. 

Many effects can influence the diffraction 
minima. A non-zero real part (a j< 0) of A(IJ) produces a filling 
of minima and the interference with the Coulomb phase is sensitive 
to the sign of a [3,4] . This last effect will increase the filling 
In the case of negative a, but is relatively small (typically 
around 20 % ) . Since is known to vary with energy, it will induce 
changes in the diffraction pattern, which is deeper for o = 0 if 
the Coulomb phase is neglected. However, as shown explicitly at 
720 MsV and 1 GeV. (fig. 6 and 7), in this energy region a non-zero 
a is not sufficient to account by itself for the experimental 
situation (with the exception of exotic behaviour of a(g) as 
pointed out in ref. (4) ) . 

Here the spin-dependent part C(q) is of key 
importance r in the neighbourhood of the minimum it increases the 
cross section by a factor of five at 720 MeV and by a factor of 
2.5 at 1 GeV. since the C amplitude is not well determined experi
mentally and since we Include the spin effects in an approximate 
way (see section II) it is possible that the fits will be modified 
by improved data and a more detailed treatment of the spin-dependent 
terms. There is reason to believe that such modifications can 
produce substantial effects. 

Charge-exchange effects have also an influence 
in the dip region. However, their contributions remain small, as 
we have checked, and they have been neglected here. 
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it should be noted that fits to proton-deuteron 
scattering using the original Glauber elkonal model [ 221 shows the 
diffractive minimum to be modified by including off-shell corrections 
lo the eikc-nul propagator appearing in the double scattering term. 
The same conclusions have been reached for p-"He scattering t 23] * 
In the more? systematic formalism of Wallace employed here, the 
off-shell effects appear (to lowest order) in the three-particle 
(overlap) terras. 

Using the formalism summarized in section III, 
v.-e have estimated tin» impox* Lance of such overlap effects by means 
of oq. (19). in the . 6 - 1 . Gev range the contribution to the 
forward peak is négligeable ; it reaches 2 - 3 % at the dip and 
inci'tia-ŝ s up to 10 % at q ~ 4 fm" 1. Typical results at 1. GeV are 
displayed in fig. 10* The smallness of this correction is due 
to the vary rapid fall-off of the nuclear form factor and to the 
fact: that the effeelive nucleon-nucleon potentials employed are of 
rather «hart range, a feature which arises from the small-angle 
behaviour of thi-> scattering amplitude. 

Consequently, according to our simple 
estimate, target nucléon overlap effects are small and do not 
modify sensitively the diffractive pattern. 

Other possibilities have been invogued. 
Including isobaric resonances in the intermediate states may lead 
to uhu desired features \ 24J , as well as dynamical two-body 
ijorrelationi; in the "He wave function I 25) . However the fact that 
such effects are nue required by the 24 GeV data implies limita
tions on the order of magnitude of these contributions. As shown 
by Lamport and PoshKich I'iSl two-body correlations will essential
ly affect the huight of the secondary maximum which can be 
increased ur decreased according to the type of nucleon-nucleon 
potential considered. On the average it remains a small effect. 
hs un* as the presence of H in the intermediate states is concerned 
iv luta oacn stressed by Saudinos and Wilkin | 4J that the large 
lonqitudinut maris transfer which is required and the necessity 
of -in i^ospitj clip transition in the nucleus make this process 
rather iiitprobauie. on the other hand available estimates [ 24) of 



such a contribution are based on a "He wave function built up as 
a product of single gaussians, which does not reproduce the charge 
factor correctly in the relevant domain and yields very missleading 
results in the minimum region. The same criticism applies to the 
effective channel approach of Rule and Hahn [26] . Large-angle 
corrections have also been considered ( 27] , but the effects do not 
seem to reduce sensitively the diffractive behaviour of the cross 
section. 

At incident proton energy of 24 GeV, where 
the spin-dependent effects are négligeable, the differential cross 
section is very well reproduced by the Glauber model. In this 
respect, experimental results covering the intermediate range between 
l and 24 GeV would be very interesting. At 19 GeV, we have compared 
the Glauber model predictions with preliminary CERN data [28]. The 
shape of the forward peak seems in good agreement with experiments. 
Further analysis of the data, however, would be desirable, especially 
in the dip region. 

Finally, the presence of a spin-dependent 
amplitude allows us to calculate the polarization. The results are 
shown in fig. 10 and 11 for 544 MeV and 725 MeV respectively. They 
are compared to the experimental data of Boschltz et al. [ 15] and 
of McManigal et al. [18]. The theoretical estimates are in good 
agreement with experiments up to momentum transfer g «* 2.2' fm*"1. 
Beyond this region the calculations fails to reproduce the shape of 
the polarization data. It is presently difficult to assert whether 
the discrepancy is due to our simplified amplitudes or to the 
reaction mechanism (or both). 
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Vï. CONCLUSION 

The multiple scattering formalism including 

spin and Coulomb eifects is seen to provide satisfactory fits to 

cross section and polarization data for p-^He scattering at 

int.Grir.edia: •„• energies and small momentum transfers (up to the 

!3(2c:oud diffraction maximum) . The effects due to target overlap 

and charge exchange are small, giving corrections leas important 

fchau those due to the experimental uncertainties. 

Tina limitations imposed on intermediate 

oris--rijî'* IK»-iron-nucleus calculations due to the lack of high 

fjiX-t-ision nucleon-nucl^on data at these energies is to be empha-

Hized. OUL calculations indicate that without improved data it is 

nui. iiner informative nor justified to further refine the model or 

the aiupliLudc and wave- function parametrizations. Thus the nuclear 

structure .information to be extracted at intermediate energies 

(correlations, overlap effects, nuclear wave functions, N effects, 

«i;c. .. ) ;.s presently more limited by the experimental data than 

by the models employed for the calculations. It is for this reason 

i.iirït wo iiavt» made an effort to consistently use parametrizations 

no inures vjmpl.icêitod th-.tn justified by the available data. 

The p-^He calculations show that spin and 

Cc.-nloif.ij '?.£>ùc\..!; substantially improve the fit around 1 GeV inclu-

ciny t.ne shallow diffraction minimum which has attracted conside

rable attsniion. It would oe very useful to complement the 

.iva±;.ibLti tl.itci with experiments in the energy range 1-2Û GeV. 

The possibility of extending such models 

co larger !num«iitum tcemsfers would involve models for the off-shell 

continuation uf hadcon-hadron amplitudes or for effective potentials 

with v.hich one could obt.ain systematic corrections to the multiple 

fr.'.:i.itt'.*ji:iiiii formalism. The calculations would be substantially 

"*"••:• complicei od and certainly require improved nugleon-nucleon and 

nucU*o«i-n.iclou:ï uata. • 

http://int.Grir.edia
http://Cc.-nloif.ij
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r»l>Ie I - Average parameters fcr the nucieon-nucleon amplitudes used at 

difterent energies. 
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[ H-2 [tap 2 
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rat [ 2) .72 3. S 1.0 

ref. (14] . 6 4 .2 1.0 

preBent wont .56 6.0 .48 

Table II - Parameters of tde He density. 
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Figure Captions 

Fig. I Elastic differential cross section for proton-pj ->ton and 
procon-neutron scattering at 7 GeV. The curves are obtained 
by using the amplitudes (2]J and {22) with appropriate 
parameters. 

Fig.2 Proton-proton polarization using same amplitudes as for 
Fia.l. 

Fig.J 'HCJ charge form factor. Comparison of the fits to experi
mental data obtained by Bassel and WilXin [2], T.T. chou 
I 14], and the present paranwtrization. 

Piy.4 Proton-4He clastic scattering differential cross section. 
The calculation is performed with a spin-independent 
nucleon-nucleon amplitude (see text). The dotted lines 
correspond to an exact treatment of the centre-of-mass 
motion and nuclear densities of ref.(2J and [141 respec
tively. The solid line is obtained with the present 
iiarametj-i2ation and an approximate treatment of the c entre-
of-mass constraints. 

Fig.* Proton-''He elastic scattering differential cross section 
at 5,87 MeV. Experimental points from refs. [ 15Î , [16] 
and I XVI -

i'ig.ti Proton-''rie elastic differential cross section at 720 MeV. 
Ful l c a l c u l a t i o n — , no Coulomb or spin , no Coulomb . . . . . 
Experimental data from r e f s . [16] and [ I B ] . 

Fig.7 id>m f i g . 5 at 7 GeV. Experimental points from refs.f 19] 
and i 2 0 ] . 

Fig.'o santâ as Eig.5 au 1.154 MeV. Experimental points from 
roJ\ I 171 . 
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Fig. 9 same as fig.5 at 24 GeV. The spin-dependent part of the 
nucleon-nucleon amplitudes is neglected. 
Exact treatment of the centre-of-mass constraints (with 
the "He density given un ref.[14] — — — ; approximate 
cm. treatment without Coulomb- ; exact cm. treatment 
without Coulomb 

Fig.10 p-'He elastic scattering differential cross section at 
1 GeV. The influence of the target-nucléon overlap effect 
is shown (dotted lines). Tha upper curves correspond to full 
calculations ; in the lower curves spin and Coulomb effects 
are neglected. 

Fig. 11 p-'He elastic scattering. Polarization at 544 Hev compared 
to experimental values of ref. [IS] . 

Fig.12 p-'He elastic scattering. Polarization at 725 ttev compared 
to experimental values of ref. [ 18] . 
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