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Abstract : It is shown that a solution to the difficulty encountered 

in reproducing simultaneously the experimental longitudinal and trans

verse response functicns deduced from deep inelastic electron scattering 

may be found in a consistent treatment of the electromagnetic interac

tion in a Dirac equation in which Lorentz scalar and vector potentials 

are explicitly introduced. Results for C and Ca are given and 

compared with experiments. 
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The latest experimental results from Saclay ana MIT 
for the traverse and longitudinal response functions in deep inelastic 
electron scattering from nuclei confirm, but to a lesser degree, 
what has been revealed by the first measurement of these functions , 
namely the difficulty of their simultaneous interpretation within the 
framework of the quasielastic process. In its usual description in 
terms of the Fermi gas model which is known to reproduce correctly 
the gross structure of the cross-sections , this process leads to 
the result that the longitudinal function S. is too large, especially 
for low momentum transfers, while the transverse function S„ is in 
rough agreement with experiment. The difficulty lies in the fact that, 
up to now, any device that is invented to reduce the theoretical 
longitudinal function, whether by operator or wave function 
renormalization, affects the transverse function almost by the same 
proportion and consequently destroys the agreement of the latter with 
experiment. The often invoked argument that the agreement for S_ 
might be restored by taking account of meson exchange currents is 
far from convincing . 

In this note, we wish to show that, while remaining in the 
framework of the quasielastic process, a consistent treatment of the 
electromagnetic interaction concurrently with the Lorentz scalar and 

ra i vector potentials that have been introduced in the Dirac equation 
as an alternative to the Schrôdinger formalism may give a solution 

ran to the above problem. In a recent work , it has been pointed out, 
using the Fermi gas model, that, indeed, the scalar self-energy term 
might not have the same effect on the two response functions. Here, 
we wish to show how this comes about in a'shell-model description of • 
a finite nucleus t 1 0? 



The starting point is the Pirac equation for a nucléon in' 
Interaction with an average nuclear field and with the electromagnetic 
field of an electron 

intz i 

The electromagnetic interaction i s defined as usual, in terms of the 
2 2 

unrenormalized form factors F^(qy ) and F2fay •'' 
. In view of a shell-model description, we shall carry out a non-

relativistic reduction of the above equation, following the method of 
McVoy and Van Hové . The difference with Ref.1-11 •'resides in the 
presence of the nuclear potentials, especially of the scalar component 
v . What happens is that, instead of the bare mass M, we now have the 
combination M* = M + V that depends on the space coordinates and that 
we shall call relativistic effective mass. 

The non-relativistic reduction can be carried out using the usual 
Foldy-Wouthuysen transformation ; but now in terms of the "natural" 
expansion parameter 1/M*. More precisely, let (9 be the "odd" 
component of the hamiltonian. Keeping in mind the fact that H* is 
r-dependent (it does not commute withQi the transformation operator 
is 

S = -if. [ ±-<S + (9-L ] (2) 
4 M * M* 

To order 1/M* the result is a hamiltonian 
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H M + H e (3) 

It is the sum of a nuclear part acting on the two component nucléon 

space : 

H; = ?._L_-? • v s + v0 - J _ [ T t v s + v 0 ) ] 
(4) 

4M*2 •" âf 

and an electromagnetic interaction 

/ _ _W_ - j n (5) 

where j„ is the electron current while the nuclear current JJ* is r 
given by -

J° " f F- " £ k C F< + 2*F* M * / M ) ] e 1** 
8M" 

2 u ' M* M" 
T F, r - c^- 7 e i c | " r - 1 

2M* 

8M* 4 L 

the scattering on spin-saturated nuclei have been neglected. The 

results of Ref. are reproduced by setting. M*= M. 

It is manifest from the above equations, that the introduction 

of the scalar potential V affects, through the effective mass M*, 



.both the nuclear hamiltonian and the current operators. Let us now 

look Into some details how it modifies the calculated values of the ' 

two response functions. For this purpose, we recall that, from rela-

tivistic nuclear matter calculations ' -1 and phenomenological 

studies , it is well established that V < 0 inside of a nuclear 

medium, so that everywhere M* s H . With this in mind, we can draw the 

following conclusions : 

1) As far as the operator part is concerned, the effect of V 

can be most easily seen with the protons which, as we know, give the 

major contributions to S L and S T . As M* s M, we see that J is Increased 

and J^is decreased. As the response functions S T and S T are calculated °L T , _ nalizatlon __ by making use respectively of J and J, the/current operators cnerefore T 0 ^ — renormalization of the T — J -, *-i-e/current operators the 

2) The effect on the nuclear wave function, defined by the 

hamiltonian (4) , comes mostly from the Darwin term: which appears 

because of the space dependence of M*. The Schrddinger equation for 

the nuclear wave function \|* has the general form 

V N ' ^ 2M* 2M* 2 T 

If one makes the transformation 

(9) 
4 = |/M*/M J 

the equation for >p takes the usual form without the first derivative 

term 



(- J _ ^ a + V - E. )iù 
* ou ' f 2M • " ( 1 0 > 

where the potential V is now state-dependent. Since M*(r) *. M as r + _ 

the two wave functions, <f> and y , have the same asymptotic behaviours. 

For an occupied single particle state, f is well determined by 

the experimentally measured momentum distribution. On the other hand, 

phenomenological optical analyses of elastic scattering generally 

start from eq.(10), and one must use the transformation (9) to obtain 

the complete scattering wave function» This results in a decrease of 

the amplitude of the scattering wave function in the internal region 

as compared to the case M* = M. Since a matrix element of a quasi-

elastic process involves the wave functions of an occupied state and of 

a scattering state of the ejected nucléon, the effect of H* on >|» 

leads to a reduction of both S L and S^. Such an effect is already 

known in other one-nucleon transfer reactions'- i and Is similar to the 

Perey effect1-17? 

Combining the above two effects of V en the current operators 

and on the wave functions, we may therefore expect a large reduction 

of the calculated S, and a relatively smaller reduction of S_. 

This is the effect we are looking for and which seems to be necessary 

in order to reproduce the experimental response functions, whether it 

will be sufficient can be seen only from actual numerical calculations. 

As an application, we shall examine two selected sets of data from the 

latest experiments, namely the results of Saolay1 for the response 

function:of 1 2 c at q = 400 MeV/c and those of MIT C 2 3 for 4 0Ca at 

q = 410 MeV/c.We do not try'to make a systematic fit as that would 

involve all the available data and would go far beyond the limitations 

of this note. Our aim. is simply to show that the differentiated effect 



of V s on S L and S T is sizeable and that it goes in the right direction 
to explain the experimental results. We now list the Ingredients that 
are required for our computations : 

i) The object of central interest here is the scalar potential 
V s. From other studies C 6» 8- 1 5! j.t i S known that this potential can 
be written as 

where p(r) is the nuclear density (in units of saturation density; whose shape 
for the above nuclei, can be well represented by a 3-parameter Fermi 

Tig 1 

function . Even though a could in principle be deduced from previous 
studies, we prefer for the moment, in view of the uncertainty involved, 
to take it as a parameter. It is the only free parameter of our problem, 

ii) The bound state and scattering wave functions are deduced 
from analyses available in the literature. He have used the potential 

[193 parameters of Ref. to calculate the bound state wave functions. f20] This choice is not crucial : with the potential of Ref. , for instance, 
the change in the results would be less than five percent. For the 
scattering wave functions, the real part of the optical potential given 

£211 
by Seth is used in solving eq. (10) and then the transformation 
(9) is performed. 

The calculated results of the longitudinal and transverse response 
22 

functions S L and S„ for C, corresponding to g - 400 MeV/c, are given 
In Fig. 1. The dashed curves show the results.of a conventional calcu

lation, corresponding to a = 0(i.e., H = 1) and the full curves 
are obtained with the choice a = -0.47 ( M ( r ° 0 ) = 0.53). This value of o 

H 
has been chosen so that the energy integral of the longitudinal 'motion 
reproduces the experimental value. 

The important faet-which comes out from these results is that. 



as expected from our .qualitative discussion, the longitudinal function 
S. is reduced much more strongly than the transverse function 5_. 
This differentiated effect of V on S, and S c is real, and that is 
the conclusion, the only one that we can at this time draw with 
confidence from these calculations. As a imatter of fact, the agreement 
for both S. and S_ we have obtained must be taken with care : a fit 
with experiment would be meaningful only if one could be certain 'that 
no other major effect could seriously affect the result. In this sense,, 
the adopted value of a should not be taken at face value. We point out, 
nevertheless, that a = -0.47 corresponds to V (r=0)i> -440 MeV, a value 
that should be compared with the nuclear matter value of -470 MeV and 
the phenomenological value of —437 MeV obtained from the fit of elastic 
scattering data of 180 MeV protons on Ca . 3 

As a further test of the above effect, we have computed the 
40 response functions of Ca, for g = 410 HeV/c, using the same value for 

a . All other parameters of the calculations are taken from the same 
12 sources as for C. The results are shown in fig. 2. Again, the 

differentiated effect on S, and S_ is clear. If one compares the 
calculated values with the experimental results from Ref . L J (also shown 
in Fig. 2), the agreement is not as good as for the previous example-
It should be noted, however, that there are large uncertainties, 
systematic as well as coming from pion contamination problems, in the . 

40 quoted data on Ca. and consequently a real test of the theory must 
await more accurate measurements. From this point of view, experimen
tally measured response functions for other nuclei and for different 
momentum transfers are obviously of interest as they would allow one 
to systematically study the possible A-dependence of the parameter « 
as well as its q-dependence resulting from the energy dependence of 
the potential V-. Furthermore, for large momentum transfers (g> 500MeV/c), 



higher order terms in the non-relativistic expansion may become non-
negligible and must be taken into account.either through the above 
procedure or by the direct resolution o£ the Dirac equation. 
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Figure Captions 

Fig. 1. Theoretical results for the longitudinal and transverse 
12 

response functions of c corresponding to a •» 0 (dashed 
curves) and a = -0.47 (solid curves). Experimental data 
are from R e f . m 

40 Fig. 2. Same as Fig. 1 but for Ca . Experimental data are from 
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