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Recent "’cl“e(c,c') data at momentum transfer |¢g] = 1.14 GeV displays behavior
which is qualitatively different from that of lower momentum transfers. An explanation
of this difference is offered based on an analysis of the longitudinal response in nuclear
matter. An ansatz is made for the momentum dependence of the nucleon sclf-energy
functions in the nuclear medium which suppresses medium effects for momenta above
the nuclcon mass scale. This suppression is shown to improve the agreement with
the high momentum transfer data, and offers a motivation for further cxperimental
investigation in the momentum transfer region between 0.5 and 1.0 GeV.
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The essential characteristics of the longitudinal response obtained from the
recent. Stanford Linear Accelerator Center (SLAC) data[l] for 'r’r’l"(‘(r,f?’) at a
momentum transfer of 1.14 GGeV appear to be reproduced by the free relativistic
Fermi gas model{2], while the longitudinal response extracted from data[3] for
Fe(e,e') al 0.55 GeV s better described by mean field theory (MFT) in nuclear
matter[4]. For comparison, in Fig.| a representative sample of both data sets is
shown along with the calculated response curves for the free Fermi gas (dotted
line) and MFT in nuclear matter (solid line). These two models are limiting
cases with respect (o the treatment of the medium. That is, no medium effects
are included in the free Fermi gas, while in nuclear matter the effect of the
medium is constant, throughout space. The fact that the data approaches the
Fermi gas and nuclear matter descriptions at high and low momentum transfer
respectively, implies that there is a net |q| (momentum transfer) dependence
present in the influence of the medium on the longitudinal response. The goals
of the present investigation are to demonstrate that the qualitative difference
between the mieasured longitudinal response at 0.55 GeV and that at 1.14 GeV
suggests a suppression of medium effects in the higher momentun transfer data,
and to identify a scale at which this suppression should become apparent.

There is in general a characteristic length associated with a momentum de-
pendence. llere a scale A is naively introduced for the momentum dependence of
the nucleon self-energy in matter, (k). This dependence is chosen to suppress
medium eflects for momenta Ik| greater than A: for simplicity a step-function
dependence is assumed. The value of A is then adjusted to give qualitalive
agreement with both the low and high momentum transfer data for the longitu-
dinal response, and is thereby constrained to lie approximatcly between 0.8 and
0.9 GeV. The dynamical origin of this suppression is not, clear. Although existing
calculations of the nucleon self-energy in nuclear matier including correlations[5]
show indications of a decrease in the sell-energy with increasing momentum, the
slope is small and the caleulations are inconclusive al the 1.0 GeV scale. It can
also be speculated based on recent, developments in the description of the interac-
tion between composite hadrons that such an effect could arise from an underlying
quark substructure[6). The employed step function is vt | as a crude way of
incorporatling a momentum scale af, which a qualitative change in the behavior
of the self-energy can be eflected, thus interpolating between the Fermi gas and
MIET description of the medium as a function of momentum transfer, and is not
intended to reflect a particular dynamical mechanism. Momentum dependent
sell-energy functions have been used previously[7] in a similar context to inves-
tigate the role of final-state interactions with the nuclear matter medium, but
have not. been applied to the large momentum transfer data which is presently of

interest.

Calculations of tota} (c,e’) cross sections based on MFT in nuclear matter
yield good fits to the data in the vicinity of the quasielastic peak at the lower
momentum transfers(8, 9], however the separated longitudinal and transverse
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Figure 1:'The longitudinal response for 56Fe at momentum transfers (a)
lal = 1.11 Ge¥ (data without Coulomb corrections from Ref [1]) and (b)
lal = 0.55 GeV (data from Rel.[3]) is plotted as a function of energy trans-
fer, w. Calculations are shown for the free relativistic Fermi gas model
(dotted line) and mican field theory in nuclear matter (solid line).




response functions offer only qualitative agreement. In particular, the MI'T' cal-
culation of the longitudinal response in nuclear matter, when applied to data,
consistently overestiinates the energy transfer region above Lhe quasielastic peak,
but reproduces the data below the peak reasonably well. This behavior is still
evident in the present calculations. The nuclear matter description is neverthe-
less sufficient for the investigation of the qualitative features Lo be discussed here.
The benefit of using a simple model is that the observed effects can be directly
correlated to changes in the introduced scale. More sophisticated models{10-14]
have recently been applied to the description of response functions al momentum
transfers near 0.5 GeV. Improvements to the longitudinal response by comparison
with the data have been achieved, for example, through the study of final-state in-
teractions[10] and many-body correlation effects[12] based on the nuclear optical
potential[15] approach of Ref.[16], and the relativistic random-phase approxima-
tion[11] to the Walecka model[4]). The application of these more sophisticated
treatments to the data at a iomentum transfer near 1.0 GeV is clearly needed
to corroborate the preliminary results presented here, however it is expected that
the conclusions of this naive approach will survive.
The longitudinal response in a uniform medium can be written as[8, 17]

O(n—e(p)O(c(p+4q)—n)
xb6(w—e(p+9q)+e(p) [T+ T2+ T5{1)

RL(Q»W) =

v d*p
(2m)3 / E(p)E(p + q)

where reference o particle type (neutron or proton) has been suppressed. llere
the single-particle eigenenergy ¢ and the energy L are obtained from the Dirac
equation

[a-k+BM +(Zo — BEs)O(A — [k|)] U(k,0) = e(k)U(k, o), (2)

and for particle states arc given by ¢(k) = LyO(A — [k|) + £(k) and E(k) =
Vk2 +[M - Es6(A - |k])]2. The chemical potential s is given the value of the
single-particle eigenenergy at the Ferini momentum kp. The quantities 7} are
defined as

Ty =~ F2(¢%) [E(P)E(p + q) + M(p)M(p+q) +p - 4 + p?]
Ty =2F1(¢*) Fa(q®) [M(p) (p-a + %) = M(p + q)p - q] (3)

Ta =) [ (MEM® + @) - E)EP -+ a) - p-a - p?)

+2p - q (p'«l+qz)],

where M(p) = M — X50(A — |p]), and the forin factors I} and F, arc obtained

by fitting dipole forms to the free Sachs form factors G and Gpy. For 3%Fe,
the sclf-energy functions, X and Yy, are given the values 0.35 and 0.29 GeV
respectively, and kp = 0.26 GeV[4]. From Eq.(2), it is evident that the mediumn
effects provided by the self-energy functions are suppressed for solutions with
momentum |k| greater than A.

‘The additional momentum dependence introduced by the step function in
Eq.(2) could in general imply the existence of medium modifications in the
photon-nucleon vertex[18]. However, without explicit knowledge of the under-
lying dynamnics responsible for this additional momentum dependence, modifi-
cations made Lo the portions of the vertex that are relevant to the response
functions are largely arbitrary. It is well known, for example, that gauge vari-
ance alone is not a sufficient constraint to uniquely determine the vertex[19]. In
fact, aside from the condition provided by the Ward identity at zero momentun,
gauge invariance only restricts the contribution to the vertex that is longitudi-
nal to the four-momentuin transfer, q,, which does not contribute to clectron
scattering. Medium modifications to the vertex will therefore not be considered
in the qualitative discussion offered here, but will instead be left for a future
investigation.

In this description of the longitudinal response, the position of the quasiclastic
peak is largely dictated by the argument of the energy-conserving delta function in
Eq.(1), and therefore by the single-particle energy eigenvalues. The magnitude of
the initial single-particle momentum, |[p|, is restricted by the chemical potential to
be less than the Fermi momentum, kg, The magnitude of the final single-particle
momentum, |p + g, is then restricted to lie between |q| — kg and |q| + kg This
allows three qualitatively distinct regions of interest with respect to the scale A
to be identified:

I. A< k}.‘,
U kp < A<|q|— kg, (1)
1. |q|+kpr < A.

The successful application of MFT to the description of nucleif20] implies that
values of A in region | are not physically sensible since these would require mod-
ifications of the single-particle energics below the Fermi level. This also excludes
the free Fermi gas description, which is obtained for A = 0. The ML descrip-
tion in nuclear matter s obtained for values of A in region 111 ‘There, both the
mitial and final single-particle energies include the medium effects provided by
the constant self-energy functions. For values of A in region 1, the initial energy,
e(p), is that of a particle iu the nuclear matter medium, while the final energy,



«(p 4 q), s that of a free particle. ‘That is, the particle in the final state does not.
interact with the medimm. Values of A in the region between o] — kg and g 4 kp-
produce a family of curves which lie between those of region I and region 111,
and represent. a suppression of medium effects for single-particle final states with
momentum greater than A

The reproduction of the MI'T results for 1q] = 0.55 GeV requires that A is
in region 1l or greater than 0.81 GeV. Conversely, for jq] = 1.14 GeV, valucs
of A greater than |q] — kg are ruled out by the data, which requires that A is
less than 0.88 GeV. The implication is that any chance of fitting both data sets
requires A Lo be somewhere between 0.8 and 0.9 GeV. Shown in Iig.2 (a) and (b)
are the longitudinal response curves calculated from Eq.(1) with A = 0.84 GeV,
and [q] = 1.14 and 0.55 GeV respectively.  Although the fit to the dala is not
quantitatively correct al energy transfers above the quasielastic peak, where it
has been suggested[14] that the reported experimental uncertainties are largely
underestimated, it is now qualitatively the same for both the low and high mo-
menbum transfers. We are therefore lead to conjecture that the interaction of the
struck particle with the medium is suppressed in the higher momentum transfer
case. 'T'his behavior persists in the local density approximation to MFT for the
finite nucleus where the fit to the data is improved, for example the position
of the peak more closely coincides with the data; however it is not sufficiently
different (qualitatively) from the nuclear matter case to warrant reporting here.

At larger inomentum transfers, the longitudinal response is effectively describ-
ing charge density correlations over small distances. From the present analysis it
appears Lthat the medium has less cffect. on these short range density correlations
than al lower momentum transfers where the distances probed are sufficiently
large that the influence of the medium on density correlations is significant. More
data, and a more sophisticated treatinent are required to make a conclusive state-
ment. Nevertheless, this analysis suggests that data with momentum transfers
lal above 1.14 GeV should display behavior similar to that at 1.14 GeV, since
these exceed the scale at which the struck particle is influenced by the medium.
Further, the data for momentum transfers between 0.5 GeV and 1.0 GeV should
display a momentum dependence which is transitional in character; particularly
in the vicinity of the scale A where an enhancement of the response may occur.

In summary, the longitudinal response data examined here display a depen-
dence upon the transferred momentum, |q|. Such an effect. has been noted pre-
viously[21] from a purely theoretical basis. In the present investigation, the mo-
mentam dependence is altributed to the influence of the medium on the particle
in the final state. This was demoustrated here by comparing two calculations of
the longitudinal response, which are limiting cases with respect to the inclusion
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of medium effects on the particle in the final state, with responsc data at large
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Figure 2: The longitudinal response for *6Fe at momentum transfers (a)
lgq] = 1.14 GeV (data without Coulomb corrections from Ref.[1]) and (b)
la] = 0.55 GeV (data from Ref.[3)) is plotied as a function of energy trans-
fer, w. The calculation shown is for A = 0.84 GeV in the model proposed
in the text.

and intermediate momentum transfers. From this analysis of the data, it is con-
Jectured that the medium effects on the particle in the final state al a momentum
transfer of 1.14 GeV are suppressed relative to those at a momentum transfer at



0.55 GeV. This is consistent wilh the recent y-scaling analysis[22], where it has
been shown in a non-relativistic framework that for large momentum transfer
the longitudinal response approaches the result obtained in the plane wave im-
pulse approximation; indicating a suppression of final state interactions. Using a
crude mechanisin for suppressing medium effects for momenta above a scale A in
the nucleon sell-energy, it is estimated here that this suppression should become
apparent as the momentumn transfer approaches A ~ 0.8 — 0.9 GeV.

This work was supported by the National Science Foundation under Grant
No. HRD91-54080. The author wishes to acknowledge many helpful discussions
with J.D. Walecka and J.W. Van Orden.

REFERENCES

[] J.P. Chen et al., Phys. Rev. Lett. 66, 1283 (1991).

[2] J.W. Van Orden, Ph.D. thesis, Stanford University, 1978; W.M. Alberico et
al., Phys. Rev. C 38, 1801 (1988); T.W. Donnclly, E.L. Kronenberg, and
J.W. Van Orden, Nucl. Phys. A494, 365 (1989).

[3] Z.E. Meziaui ef al., Phys. Rev. Lett. 52, 2130 (1984).
{4] B.D. Serot and J.D. Walecka, Adv. Nucl. Phys. 16, 1 (1986).

5] M.R. Anastasio, L.S. Celenza, and C.M. Shakin, Phys. Rev. C 23, 2273
(1981); M.R. Anastasio, L.S. Celenza, W.S. Pong, and C_M. Shakin, Phys.
Rep. 100, 327 (1983); C.J. Horowitz and B.D. Serot, Nucl. Phys. A464, 613
(1987); B. ter Haar and R. Malflict, Phys. Rep. 149, 207 (1987).

(6] V.K. Mishra et al., Phys. Rev. C 46, 1143 (1992).

[7] G. Do Dang and P. Van Thieu, Phys. Rev. C 28, 1845 (1983); L..S. Celenza,
C.M. Shakin, and H.-W. Wang, Phys. Rev. C 44, 1460 (1991).

[8] R. Rosenfelder, Ann. Phys. (N.Y.) 128, 188 (1980).
[9] S.J. Pollock, Acta Phys. Polon. B19, 419 (1988).

[10] C.R. Chinn, A. Picklesimer, and J.W. Van Orden, Phys. Rev. C 40, 790
(1989).

(11] C.J. Horowitz and J. Pickarewicz, Nucl. Phys. A511, 461 (1990).
(12] P.M. Boucher and J.W. Van Orden, Phys. Rev. C 43, 582 (1991).
[13] M. Zhongyu and F. Dachun, Phys. Rev. C 45, 811 (1992).

[14] Y. Jin, D.S. Onley, and L.E. Wright, Phys. Rev. C 45, 1333 (1992).
[15] see for instance E.D. Cooper et al., Phys. Rev. C 36, 2170 (1987).

[16] Y. Horikawa, . Lenz, and Nimai C. Mukhopadhyay, Phys. Rev. C 22, 1680
(1980).

[17] M.R. Frank, Phys. Rev. C 47, 1811 (1993).



[18] The author has investigated the problem of gauge invariance and vertex
modification for nonlocal interactions with arbitrary momentum dependence,
and has found the following articles and references therein useful in this
regard: M. Chrétien and R.E. Peierls, Proc. R. Soc. London A 223, 4168
(1954); I'. Gross and D.0O. Riska, Phys. Rev. (0 36, 1928 (1987); K. Ohta,
Phys. Rev. € 40, 1335 (1989); J.W. Bos, J.11. Koch, and H.W_L. Naus, Phys.
Rev. CC 44, 485 (1991); J. Terning, Phys. Rev. 1) 44, 887 (1991).

[19] D.C. Curtis and M.R. Pennington, Phys. Rev. D 42, 1165 (1990).
[20} C.J. Horowilz and B.D. Serot, Nucl. Phys. A368, 503 (1981).
[21] R. Rosenfelder, Phys. Lett. 79B, 15 (1978).

[22] E. Pace, G. Salmeé, and G B West, Phys. Lett. 273B, 205 (1991).

10

11




This report has been reproduced from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and
Technical Information, P.O. Box 62, Oak Ridge, TN 37831; prices available
from (615)576—8401, FTS 626-8401.

Available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.

Price: Printed Copy M

Microfiche AO1



. F __._<_mU
- Slle M






