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Abstract : 

The effects of the propagation of Isobarle nucléon sta
tes In the intermediate steps of the multiple scattering have 
been studied with application on the proton-'He elastic scatte
ring at 1 GeV. The calculations are performed in the Gl uber mo
del and results are given for the differential cross esc ion, 

leans. 
the polarization and the spin rotation parameter. In our conclu
sions we stress the large cancellations observed between terms 
of various orders and the great sensitivy of the effects to the 

ire, nueleon-nucleon amplitudes. 



INTRODUCTION 

Since more than a decade it is known that propagation of 

inelastic intermediate states has to play a role in the multiple 

scattering description of particle nucleus collisions (Abers et 

al., 1966 i Pumplln and Rosa, 1968). These effects, sometime» 

referred to as Inelastic shadowing, are indeed essential to insure 

the unltarity of the Glauber model iFormanek, 1974 j Bertocchi 

and Treleani, 1977), As far as elastic proton-nucleus scattering 

is concerned, the early work of Ikeda ( Ikeda 1971, 19721 has 

shown that sizeable contributions to the differential cross section 

can be expected, specially in the diffraction minima. More recent

ly, Wallace and Alexander (Wallace and Alexander 1977 and 1980] 

have achieved good fits to the differential cross section and 

polarization for proton-"He at 1 Gev, by introducing some spin-

isospin dependence in the û-production. 

The purpose of the present paper is to report results 

concerning the influence of A-propagation in the Intermediate 

Bteps of the multiple scattering on the observables of the elas

tic scattering in the case of p-hHe at 1 Gev. Special emphasize 

will be put on several points omitted in most of the previous 

calculations. Ono of them consists in the large cancellations 

arising between contributions of various orders. Another one is the 

strong dependence of the o-effects from the chosen nucleon-nucleon 

amplitude. 
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We shall focus our attention to the 1 Gev Incident 
energy region, which exhibits interesting features : The produc
tion cross section for the process NN-»NA is maximum, and this 
channel dominates the inelasticity in nucleon-nucleon scattering 
I Kloet and Silbar 1980), the A representing the P3J TH resonance 
with invariant mass of « 1236 MeV.Other resonances lye high 
enough to be ignored in first approximation' 

In part II, the model is shortly described. Typical 
numerical examples are given in III. 



2. THE MODEL 

Our calculations are performed within the framework of 
the Glauber model (Glauber 19591. He recall briefly that for a 
spin 1/2 particle incident on a spin zero nucleus, the scattering 
matrix has two components. 

M ^ ) - F* (D ^ • ttLf) ?. t\ m 

Measuring the differential cross section, the polarization and the 
Bpln rotation parameter, namely 

- _ j Ton ( r"a F j 

determines both amplitudes and their relative phase. Standard 
prescriptions are used to calculate the part of F, and F, which 
depend only on the nucleon-nucleon amplitudes (Auger et al.,I976| 
As usual, out of the five NN independent amplitudes, we retain 
only the central and the spin-orbit components ; they are parame
trized in a simple way 
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The contributions of the inelastic intermediate states 
of the incident proton, AF, and AF.^are included by assuming 

- creation and absorption operators do not commute, while both 
commute with elastic scattering operators. 

• only terns containing a single creation and a single absorption 
are taken into account. (This Is not a real limitation in the 
case of 'He at moderate transfer momentum). 

is calculating by using for the radial wave function of "He a 
product of single particle wave functlons.it is given by 

r.. tsytr L K C X X («0 
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The longitudinal momentum transfer q,. is defined 
as the minimum difference between the incident and outgoing rela
tive nomenta 

% « *"*' 
where 
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The quantities m and m. represent the mass of the nucléon and 
the mass of the a , respectively. The width of the resonance, q, 
is taken into account In the longitudinal momentum transfer in 
the same way as in the usual high energy qft formula, namely by 
a complex factor [1. -in«iA/(m4 - m)) , which corresponds to a 
complex mass m = 104 - in/2. 

In equation (4), n is the number of scatterings, p the 
number of elastic a scattering on a target nucléon, whereas the 
index m allows us to trace on which nucléons the creation and the 
absorption of the a are taking place. 

The calculations are simplified if the single particle 
densities are separable in S> and Z coordinates, the vector S being 
parallel to the Impact parameter plane. This is easily achieved 
with gaussian single particle wave functions. In such a case the 
z integrations lead to functions of the type 

"«,,*.** •*. « J *»*--«**» fl\)~ ft»-) 
(6) 

Defining 

T T 
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and noticing that 
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the z-lntegrated profile function becomes 

A-} <7) 

. (4- V A J K i , * ) 

In the absence of theoretical or experimental firm grounds, we 
assume the AN elastic scattering profile function Y M to be equal to the NN elas
t ic profile function y ^ , keeping for both processes the central and spin-orbit 
amplitudes only. It leads to 

A 

We remark here that because of the spin dependence of the elementary 
profile functions, the A-propagation affects both F : and F2, corrections to P2 
arising first in the tripple scattering term in our case. 

We have checked that neglecting the spin-orbit component in the AN 
elastic scattering profile function modifyes slightly equation (8), introducing 
1(3,0) and 1(4,0) functions, but the numerical results remain practically un
changed* 

The t rans i t i on operator for the react ion NN+NA i s 

wr i t ten 

45 

where a. and B. denote the total cross section and the slope A A 
parameter of the elementary p+p -» N+A process, respectively, q 
denoting the transverse part of the momentum transfer. The vec
tors S and T represent the generalized spin and isospin transition 
operators (Honiz 1978 i Brown and Weise 1975;. 
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In this approximation the elementary cross section is 

obtained by summing over spins 

(10) 

The profile functions Y N & and Y^,, which are also opera

tors in spin and isospin snace, are simply related to Tu^r^ty 

a 2-dlmensional Fourier transform with reapeet to the transverse 

momentum transfer. 

The sf-in-lsospln average of the product TU. Y^, taken 

between "He wave functions yields 

/ ï V \ = £ L ** in-. / -*F~ » V" 
viU «O 
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Since the ^-propagation constitutes only corrections 

to the nain amplitudes, it is reasonable to calculate its contri

butions by assuming the "He radial wave functions to be a nroduct 

of gausslans, with a decreasing coefficient K related to the 

r.m.s. radius of "He by <r 2>' - -^X. As a result, the correction 

amplitudes AFj and oF 2 can be caBt Into close forms. Introducing 

auxllllary quantities ^ 



we obtain 
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3. NUMERICAL EXAMPLES 

At 1 Gev, the absence of well determined nucleon-nucleon 

amplitudes does not allow us to draw definitive conclusions. 

Consequently we shall give here a few typical examples, showing 

that the effects of intermediate ^-propagation depend on the 

nucleon-nucleon amplitudes. The different sets of parameters 

considered in this work are listed in table I. Among them the 

sets labelled with M are somewhat sketchy, and have been selec

ted for they show different possible effects of the A-propaga-

tion. The two other sets, NN1 and NN2, can be considered as 

realistic, NN1, in particular, has been fitted on measured N-N 

observables and used to study proton-nucleus scattering I Auger 

and Lombard, 19781. The set M3 is a simplified version of the 

amplitudes used by Wallace and Alexander | Wallace and Alexander, 

1977|. 

As far as the NN-NA reaction is concerned, the values 

o. = 1.1 fm2, B. = .32 fm2 and <P - ̂  have been chosen. It 

corresponds to an elementary production cross section 

p+p-rN+û of 11 mb. The results are not terribly sensitive to 

these parameters, the size of the A-contribution being somewhat 

proportional to o A. 

That the effect of the intermediate A-propagation 

depends on the nucleon-nucleon amplitudes, and particularly 
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from the spln-orblt component, Is readily seen in fig. 1,2 and 
3, where calculations performed with the two sets Ml and M2 are 
displayed. In the case of the differential cross section, AF> 
fills in the minimum and attenuates the diffractive pattern; it 
also diminishes the slope of the first diffraction peak. In this 
respect,the A-propagation has the same effects as the introduc
tion of a q-dependence in the parameter a of the spin-indepen
dent nucleon-nucleon amplitude. 

The situation is different for the polarization, as 
well as for the spin rotation parameter : the intermediate A 
can smoothe or accentuate the structures according, for ins
tance, to the ratio of the real to imaginary part of the spin-
orbit N-N amplitude. Furthermore, these effects cannot be simu
lated by the q-dependence of o( -

However, the striking feature of our results lyes in 
the large reduction of the A-propagation effects when the cal
culations are preformed to all orders. Whereas the double scat
tering corrections modify all three observables in a large amount, 
the inclusion of the higher order terms, particularly the trip-
pie scattering contribution, brings the results almost back to 
the "bare Glauber values". 

Including AF, has practically no influence on differen
tial cross section, but it may affect the two other observables 
sensitively. This is again depending on the nucleon-nucleon am
plitudes i two suitable examples are shown in fig.t for polari-
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za( .on (set M3 and set NN1 with ^=.0). In order to make the 
comparison between the different curves easier, we have put 

t a. = 2.0 fm In these particular examples. The fact that AF, 
deepens the minimum of I at - 2.3 fm'1 with respect to the values 
yielded by AF, seems rather general, as we can judge from various 
cases » 

For the sake of comparison with experimental data, cal
culations have been performed witn "realistic" nucleon-nucleon 
amplitudes. As stated above, the set NN1 has already been used 
for studying proton-nucleus elastic scattering. The set NN2 
differs from NN1 in two respects : the q-dependcnce of a Is 
weaker (a. Is smaller) and the ratio of the rea?. to Imaginary 
part of the spin-orbit amplitude, -l/as, is smaller than 1 
(it 1E greater than 1 in the case of W l ) . This last point has a 
definitive influence on the polarization. 

The results are plotted in fig.5 and 6. For the diffe
rential cross section, the spreading of the different experimen
tal data and the relatively large uncertainty In the normal'.na
tion (at least 10%) render the a.îlysis somewhat muddy. However, 
it seems that the set NN1 yields » slightly better agreement with 
the general shape of the diffraction pattern, namely with the 
slope of the first peak, which is well reproduced up to the 
minimum region. At higher transfer momenta (3-4 fm~ }, the data 
favors also the set NN1. From q •» 2fm~ the Intercalate 
A-propagation brings a sizeable correction to the differential 
cross section, which is needed to account for the experimental 
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Situation. It works in the same «ay as the q-dependence of the 
parameter a of A\'q), both effects having to be taken Into ac
count. 

As far as the polarization is concerned, the situation 
Is less satisfactory. Adding the ^-contribution Is not sufficient 
to Insure a good agreement with experimental data. The results 
obtained with HN2, which come closer to the experimental values, 
indicate that the polarization is primarily sensitive to details 
of the nucleon-nucleon amplitudes. Furthermore,we know at least 
two other corrections which has not been Incorporated in the 
present work s double charge exchange reaction, as proposed by 
Wilkin long ago I Wilkin 19661, and non-elkonal propagation 
(Waxman et al. «98li. These two contributions have little in
fluence on the differential cross section, but are expected to 
show up on polarization. Studying such Improvements lyes outside 
the scope of the present work, but they will have to be included 
In sore definitive calculations. 

What about the phase of the A-contributlon 7 The 
question of the phase of the elementary reaction process NN»No 
is often treated in a pragmatic way. The choice Is not indepen
dent on the tensor form of the elementary production (absorption) 
operator In the spin-lsospin space. 

As It can be traced from earlier work, « simple scalar 
operator induced tkeda flkeda I97l] to chose a purely real 
elementary amplitude. On the contrary, the particular spin-
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lsoepin dependence proposed by Wallace and Alexander 
I Wallace, 1977,1980 1 suggests the elementary amplitude to be 
purely imaginary. In other words,the question remains unsettled. 
In the present work, following Wallace and Alexander, we have 
assumed a purely imaginary production amplitude. We have verified 
in a number of cases that a purely real amplitude would worsen 
the fits. This effect is not necessarily pathological, and may 
eventually be counterbalanced by using different nucleon-nucleon 
amplitudes. However our main conclusions remain unaffected: 
in both cases,large cancellations occur between the double 
scattering term and higher contributions, and &F2 Is not négli
geable . 

Finally, ve would like to point out the results obtained 
at q = 0. This leads essentially to two predictions : the total 
cross section, by means of the optical theorem, and the ratio 
a of the real to imaginary part of the p-sHe scattering ampli
tude. The calculated values are displayed in tables II and III. 
We notice that even at zero momentum transfer the double scatte
ring term correction is reduced by higher order contributions, 
the reduction being of the order of 20-30» for a (it is even 
larger In the case of the sets Ml and M2; and about 50% for o t o t-
The net effects are rather small for both observables. 

The A-propagation increases the total cross section by 
about 1.5%, whereas the correction on a

D_>. H e reaches 10-20%. 
Consequently, only very accurate experiments will be able to 
detect these contributions. We find also interesting to give 
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the values corresponding to a purely real elementary A-production 
amplitude (*«0). The corrections are of the sane order of ma
gnitude but the signs are opposite. 



4. CONCLUSIONS 

The results obtained in the present work confirm the 
earlier findings that propagation of A in the Intermediate steps 
of the multiple scattering have to be taken into account in 
proton-MIe elastic scattering in the 1 Gev region. However, due 
to strong cancellations, the net effect is not very large, smaller 
than could be thought on the basis of calculations limited to 
the double scattering term corrections. In fact the A-propaga
tion is less important that the uncertainties «till attached to 
the nucleon-nacleon amplitudes. 

We note also that the corections to the spin-orbit am
plitude, AF_, cannot be neglected when calculating P or Q, Its 
Influence on the differential cross section being, however, small. 

The model used here to estimate the effect of the inter
mediate A-propagation is still rather crude. Indeed, 16 inde
pendent amplitudes are needed to describe the production reac
tion A/*/ +tf&completely, and it is not obvious that the major 
component can be cast into the form of a 'spin - spin" term as 
expressed by equation (9) ISilbar et al., 1981|. On the other 
hand, the simple gaussian parametrlzation used to account for 
the q-dependence of ^ N N.UA naV also have to be improved . 



0 at O l 8 e 
D„ °s B B 

fm' fm2 fm2 fm2 

HI • 
PP 4.75 . 0 .0 .25 .1 15. .75 

HI • 
pn J.85 .0 . 0 .25 .1 IS. .75 

H2 
PP 4.75 . 0 .0 .25 5 .5 .2 1.25 

H2 
pn 3.85 .0 .0 .25 5.5 .2 1.25 

H3 • 
PP 4.75 -.0156 -.0544 .2S1 -.045 - 2 0 . .4 

H3 • 
pn 3.56 - . 3 .0 .28 -.095 - 2 0 . .4 

NN1 • 
PP 4.75 - . 0 8 .1 .25 1.5 .7 .4 

NN1 • 
pn 3.85 - . 4 1 .1 .25 1.5 .7 .4 

NN2 • 
PP 4.75 - . 0 8 .05 .25 .7 1.5 .4 

NN2 • 
pn 3.85 - . 4 1 .05 .25 .7 1.5 .4 

Table 1 t Nueleon-nucleon amplitudes. Set of parameters used 
In the present work. 



Glauber 
standard 

A In the 
touble scatte
ring' terra only • 

If- "/2 

A included at a l l orders Glauber 
standard 

A In the 
touble scatte
ring' terra only • 

If- "/2 if - */2 if - 0 

HI 139.8 143.0 141.9 137.8 

M2 137.0 140.2 139.1 135.S 

H3 142.9 146.1 144.7 141.1 

MNl 140.4 143.6 142.1 138.8 

NN1 140.0 143.1 141.6 138.3 

NN2 140.5 143.6 142.1 138.8 

Table I I s Total cross section SL... ! rabl 

Glauber 
standard 

A in the 
double scatte
ring tsrro only 

>f- n n 

A included at a l l orders Glauber 
standard 

A in the 
double scatte
ring tsrro only 

>f- n n <f-"/2 if- 0 

Ml - .0003 .040 .027 - . 0 2 8 

M2 - .0077 .034 .020 - . 036 

M3 - . 1 0 3 - . 0 6 1 - . 0 7 4 - . 1 3 2 

NN1 - . 1 8 3 - . 1 3 9 - . 1 5 2 - .214 

NN1 - . 2 1 8 - . 1 7 2 - . 1 8 6 - .250 

UN2 - . 1 9 7 - . 1 5 2 - . 1 6 6 - . 2 2 3 

Table III i o(0) «Re F^Ol/Im Fj (0) 
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FIGURE CAPTIONS 

Fig.l : Proton-"He elastic scattering differential cross section 
at 1 Gev against the momentum transfer. The thin line 
corresponds to usual Glauber calculations, the dashed-dot 
line includes A-propagatlon in the double scattering tern 
only, whereas the thick line shows the results when 
^-propagation is included at all orders. The left and right 
curves correspond to the sets HI and H2 of Table 1, res
pectively. 

Fig.2 : Polarization of proton-"He elastic scattering at 1 Gev. 
For the curves, see legend of Fig.l ; note that the dot
ted curve corresponds to calculations neglecting AF2. 

Fig.3 : Spin-rotation parameter Q of proton-''He elastic scattering 
at 1 Gev. For the curves, see legends of Figs 1 and 2. 

Fig.4 i Polarization of proton-"He elastic scattering at 1 Gev. 
The calculations are performed with the sets M3 (upper 
part) and NH1, putting o,=0 (lower part). For the curves, 
see legends of Figs 1 and 2. The differences between the 
dotted line and the thick line show the influence of iF2 
in this tuo particular examples. Note that here o," 2.fm! 

has been chosen. 

Fig.S : Proton-*He elastic scattering differential cross section 
The calculations are performed at 1.04 Gev with set KJJI 
(thick line) and set NN2 (thin line). The dashed curve 
corresponds to set HOT with no A-propagatj.on. The experi
mental values are taken from : 

UCLA-LBL l.OS Gev data GEAGA 77 (A) 
Argonne-UCIA-Hinnesota 1.03 Gev data KLEH 77 ($) 
Saclay- 1.05 Gev data BRUGE 78 (* > 
Gatchina 1. Gev data ALKHAZOV 77 ( Q ) 
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Fig.6 s Polarization and spin-rotation parameter for proton-"He 
elastic scattering. For the curves, see legend of Fig.5. 
The open circles represent the experimental data of the 
1.03 Gev Argonne-OCLA-Hinnesota collaboration (KLEM 77). 
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