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ABSTRACT

The 2 + inelastic scattering of I*.5 GeV/c pions on C has been cal-

culated vlthin the framework of the Glauber multiple scattering theory. Using
12

the ground-state density for C as obtained from recent electron scattering

experiments and the 2 + inelastic form factor, which is consistent with both the

electron and high-energy proton scattering data, it is shown that the discrepancy

between the calculated and the experimental cross-sections at the maximum is

much less than what has been reported in some recent calculations.
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I. INTRODUCTION

Some recent calculations (Lesniak 1975. Groves et al. 1977) of the
2 + inelastic scattering of It.5 GeV/c pions on C have raised the interesting

question whether the same transition density could account for the inelastic

scattering of all the three probes: electrons, protons and pions on nuclei

from the same level. Lesniak (.1975). working within the framework of Glauber

multiple scattering theory and using a parametrization for the 2 inelastic

charge form factor which fits the experimental data of Crannell (1966) up to
2 _o _ 12

about q « 8.0 fm~ , found that the theoretical maximum In i C scattering

at l*-5 GeV/c is about two times larger than the experimental one and,further,

that the shape of the angular distribution also is not very satisfactorily
12

reproduced. Applying the same method, he calculated the 2 + inelastic p- C

scattering at 1.04 GeV also and showed that here again the theory overestimates

the cross-section at the maximum by about 35%. This and a critical study of some

previous calculations (Balashov et al. 1971*),which claim a good fit to the pion

data,led him to conclude that perhaps, vithin the present theoretical frame-

vork,a simultaneous fit to electron, proton and pion inelastic scattering data

is difficult to achieve. A more recent (Groves et al. 1977) DWIA analysis of

the pion data,which uses the zero-range approximation for the irH amplitude,

also finds that the calculated cross-sections are larger by about a factor

of two.

A discrepancy as large as 100)S between theory and experiment as

discussed above is quite disturbing as it has bearings on the theoretical

model which has hitherto been regarded quite satisfactory for calculating the

medium- and high-energy hadron scatterings on nuclei. That the situation is .

indeed perplexing follows from the fact that the generally used corrections

to the model, such as the inclusion of the correlations, etc. (Ahmad 1975), axe

unlikely to bring the theoretical curve down by about 100J(. In view of this

we considered it worthwhile to re-analyse the pion data somewhat differently,

improving upon some weaknesses of the previous calculations so that a. clearer

picture emerges.

II. FORMULATION

We intend to work within the framework of the Glauber multiple scattering

theory (Glauber 1959), according to which the scattering amplitude describing

the excitation of a target nucleus from the ground s ta te ^Q S |0) to an

excited state i|J = |f) is given by
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J=i

n,(t>) = 1 - r(b - s ) (2)

where g is the momentum transfer, b the impact parameter, a the momentum

of the incident particle, A the target mass number, s the projections of

the target nucleon co-ordinates on a plane perpendicular to Is , and T(b) Is

the profile function which is connected with the elementary amplitude f(q)

as follows:

(3)

The expression (l) has been the starting point of several analyses of

the inelastic scattering of medium- and high-energy hedrons on nuclei using

the inelastic charge form factors as obtained from electron scattering

experiments (e.g. Saudinos and Wilkin 1971*, Ahmad 1975). However, in almost

all the cases some nuclear model,like the independent particle (e.g. Saudinos
model

and Wilkin 1974},or the collective^[Ahmad 19TS) is assumed in order to obtain

the final expression for the hadron scattering amplitude. Since the models

generally applied do not reproduce satisfactorily the electron scattering

experiments for all momentum transfers, there arises the question of con-

sistency in using the electron scattering transition form factors in such

approaches. Furthermore, in formulations based on the independent particle

model, the application of the usual oscillator model c.m. correlation

correction to the inelastic amplitude should 'tis viewed with caution as the

oscillator model fails badly in accounting for the inelastic transition

(Bassel and Wilkin 1968).

Since we are primarily interested in investigating whether the same

inelastic nuclear form factor could reproduce the electron, proton and plon

data,it is desirable to express the hadron scattering amplitude In terms of

the Inelastic form factor of the target as measured in electron scattering

experiments without recourse to any nuclear model. This can be achieved rather

simply. Using the closure over the nuclear target states we may write:

A

J-l Z-T.
A-l

Now if it is ass'.uned that all the constituent particles in the target are

identical and that

<f|n|f)^ (o|n|o)

then using Eq.(2) we may write Ea.CO as:

A

where

and

f| ]~[ rijloj = -A / - 1 j pf0(?) r(b-s) d? + -• • , (5)

u(b) = 1 - | P 0 0 ( r ) T(b-s) dr

f+Vrj

(6)

The terms neglected in Eq.(5) are those which contain two-body and higher

order correlations. They are not important in the present context as follows

from an earlier work (Ahmad 1975), where itjshown that the two-body correlation

has only a small effect in the region of the first maximum in the 2 inelastic

scattering.

Seemingly E<i.(5) is similar to that used by earlier authors

(e.g. Lesniak 1975, Saudinos and Wilkin 197^) employing the independent-

particle model arguments. There is,however, one difference which needs

clarification. The (ground state and transition) densities occurring in

Eq.(5) are not the model densities. Rather they are the intrinsic (measured

with respect to the c.m. of the system) densities of the target as determined,

for example, in electron scattering experiments. Thus we need not multiply

the final expression for the hadron-nucleus scattering amplitude with the

usual c.m. correlation correction factor. This is an obvious advantage of

the present approach since,as already mentioned, the usual approach of

accounting for the c.m. correlation, particularly for the inelastic

scattering, is not very satisfactory (see also Saudinos and Wilkin 197k).

Using Eq.(5), an expression for the Inelastic scattering amplitude In

terms of the elastic and inelastic form factors for the target nucleus and the

TTDT(KN) amplitude may he obtained as in our earlier work (Ahmad 1975). The

final expression for the inelastic differential cross-section reads:
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ikfl

i) = (7)
L+H

where L denoted the angular momentum of the excited state, M the magnetic

quantum number; J is the cylindrical Bessel function and , which is

related to the inelastic form factor, is the same as given in our previous paper

(Ahmad 1975).

It may 1>e pointed out that -in the calculation we have also accounted

for the Coulomb scattering following the usual approach (Ahmad 1975)•

III. CALCULATION AHD DISCUSSION

+ 12
As a first step for calculating the 2 inelastic TT C scattering,

following Haybron et al. (1967)> we assume an appropriate parametrization

for the 2 inelastic charge form factort

ch B q'
2 ,., 2, -DqU - Cq ) e * (8)

where E, C and D are the parameters. However, instead of making a least

square fit to the experimental data to obtain the values of the parameters,

we use Eq.(8) (after correcting for the finite size of the proton
+ 12

(Ahmad 1975)) to calculate the 2 inelastic p- C scattering at 1.0U GeV and

vary the parameters such that a satisfactory fit to both the electron and proton
2

scattering data is obtained. I t is found that this is achieved for B = 0.215 fm ,
o 2 ground

C = 0.137 fm and D = 0.549 f!m -The proton scattering is calculated using the^state

charge density (this is also corrected for the finite charge distribution

of the proton) as determined by Sick and McCarthy (1970). The p-H amplitude

is taken to be the same as used previouslytAhmad 1975). The results' are shown in

Figs.l and 2. It is seen that the parameter values, which provide quite a

satisfactory representation of the 2 inelastic charge form factor, also give
12

quite a satisfactory fit to the p- C scattering data. As a matter of fact,the fit

to the proton data is sufficiently good except for large q-values where the

correlations are Known to be important (Ahmad 1975)- Thus the electron and

high-energy proton data seem to be quite consistent.

Having determined an appropriate parametrization for the 2 inelastic

form factor which fits both the electron and proton scattering data.we next calculate

the 2* inelastic TI~ C scattering at If.5 GeV/c. The target ground state

density is taken to be the same as for the proton case. As regards the TT-JT

amplitude, we use the conventional parametrization:

-5-

Ci - ip)

with a « 28.1+ mb, p = -0.2U and 0 = 7.6 (GeV/c) . The values of ttft

first two parameters are the same as used by Lesniak (1975)? while we con-

sidered it appropriate to take the value of the last one from the work of

Lasinski et al. (1972). The results of the calculation are shown in Fig.3.

The solid curve represents the present calculation,while the dashed one is

due to Lesniak (1975). It is seen that the discrepancy is highly ( » 6B%)

reduced and also that the angular distribution is better predicted.

Apart from the fact that we have formulated the problem somewhat

differently so that the uncertainty associated with the c m . correlation

correction is avoided (this IB however not the major cause of the large

discrepancy which occurs at relatively low momentum transfers), there are two

main differences between the present calculation and that by Lesniak (1975).
12

Firstly, like him,we do not use the shell model ground-state density for C ,

which is known to be unsatisfactory for accounting for both electron and

proton elastic scattering experiments (Sick and McCarthy 1970, Saudinos and

Wilkin 1971*). Instead we have used the density given by Sick and McCarthy

(1970) which not only reproduces nicely the elastic electron scattering

but is also quite consistent with the 1.0b GeV elastic p- C data (Ahmad

1975). This has the implication that the distortion of the incident wave

within the target in Lesniak's calculation is not consistent with the

elastic hadron scattering whereas in the present calculation It is (at least
12

for the elastic p- C scattering )as it should be. Unfortunately, we do not
1 rj

have the elastic ir- C data at h,5 GeV/c to compare with. In this context

i t is interesting to mention that in an analysis of relatively low-energy

p- C inelastic scattering data.Haybron and McManus (1965) find that the

distortion has the major effect on the normalization of the cross-sections.

Secondly, while parametrizing the 2 inelastic charge form factor,

Lesniak does not seem to take, into account the low-energy (80 and 150 MeV)

electron scattering experiments {Fregeau 1956) and also the high-energy
2 -2

data for q. > 8 fm . Although the latter is not expected to contribute

significantly, s t i l l i ts consideration is important in determining the

overall behaviour of the inelastic charge form factor. This is an important

point as follows from the work of Lee and Tabakin (197**) who show (for
12

medium energy it- C scattering) that the calculated inelastic cross-section

depends much on the position of the peak and the shape of the inelastic

form factor. A similar situation seems to exist also for the high-energy

hadron scattering. (For example, for the 2 inelastic p- C s^att

- 6 -



at 1 GeV, Saudinos and Wilkin (.197M vho use a three-parameter fit inelastic

form factor and the shell model density, overestimate the cross-section at

the maximum by about 20$, whereas Lesniak [1975) using essentially the same

input but a two-parameter f i t inelastic form factor overestimates i t by 35!S.)

As a matter of fact, when all the low- and high-q. data are considered, the

2 inelastic charge form factor no longer remains a sharply defined quantity

and that is why we preferred to consider both the electron and 1.04 GeV proton

data together to fix the parameter values in Eq.(8).

Most of the above discussion applies to the DWTA calculation of Groves

et a l . (1977) who alao report a discrepancy of about 100? as mentioned earl ier .

In addition, these authors also use the zero-range approximation for the TT-N
2 —2

amplitude, which in viev of the large value of B [ X 7.0 (GeV/e) ] is un-

justified and has the effect of increasing the cross-section as may easily

he guessed.

Although the present calculation brings the theoretical curve much

closer to the experiment, still the remaining discrepancy of about 305? is not

comfortable. Unfortunately, we are unable to advance any simple argument

to explain this. However, recalling that there is an uncertainty of about

±10^ in the absolute normalization of the data (Groves et al. 1977), the

present work brings the discrepancy to a level where it might perhaps be

easier to explain either experimentally or theoretically. As such we do

not see any compelling reason to doubt that the electron and hadron scatterings

cannot be explained simultaneously.

Finally, it is interesting to mention a recent calculation of the 2
12

inelastic scattering of high-energy protons and pions on C by Alberi et al.

(1976) who use the p-h description for the target. They reproduce the

maximum for the 2 proton inelastic scattering reasonably well and at the

same time do not find a large discrepancy between the calculated and the

experimental maxima for the pion case. (In fact they obtain better agreement

with the data at the maximum compared with the present work.but the angular

distribution in their case falls rather steeply.) However, apart from the

fact that their inelastic charge form factor is not in very good accord with

experiment for q_ ̂ 2.2 fm . there is one point concerning their proton

scattering calculation which needs careful consideration. They could achieve

agreement between the calculated and experimental (first) maxima only after

artificially increasing the value of p (= Re f(0)/Im f(0) by about 20$

(without this adjustment the theoretical maximum is about 20$ lower). It is

argued that this increment in p accounts for the contribution of the double

spin-flip II-H amplitude in the forward direction as is strongly (but not

conclusively) suggested by Bourrely et al. (1971*). Unfortunately these authors
12

do not analyse the elastic p- C data so as to enable one to assess the overall

implications of their approach.
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PIGUKE CAPTIONS

Fig.l Square of the 2+ inelast ic tU.1+3 MeV level) form factor of 1 2C.

The data points which are obtained from electron scattering

experiments at 80, 150, 187, 250, 300, 600 and 800 MeV are

taken from Gul'karov's (1973) paper.

Fig.2 Inelastic differential cross-sections for 1.0U GeV protons
12 +

on C corresponding to the 2 Ct.^3 MeV) level . The

experimental data are from the Saclay Group {Bertini, et a l .

1973, SauainoB 197M.

Fig. j Inelastic differential cross-sections for h.5 GeV/c pious on

C corresponding to the 2+ (U.lt3 MeV) level. Dashed curve:

calculation by Lesniak (1975); continuous curve: present

calculation. The experimental points have been taken from

Lesniak's (1973) paper.
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