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Abstract

The ratios of total cross section of K *t-nucleus to A *-deuterium at 400 MeV/c <
pr < 800 MeV/c for °Li, 12C, 28Sj, Ca and the differential cross section of 120
scattering at py = 800 MeV/c are calculated by taking into account of the unconven-
tional Medium effect. An enhancement of both the K* and 7+ nucleus scattering cross

sections is obtained.

. The interactions of K*-N (with Py > 300 MeV/c) and t-N (with P, > 500 MeV/c, at
energies above the A3 resonance) are rather weak, the multiple-scattering theory should
be rapidly convergent, and then the calculation of microscopic optical potentials based on
first-order KMT theory should give good results in comparison with experiments. However,
the calculated results, even the conventional medium effects are taken tnto account carefully,
are systemaically lower than the experimental data, whether for the ratios Ry of total cross

section of & *-nucleus to K *+-deuterium defined as
Ry = fo Kt = A))/lo( K - d)/2) (1)

or for the differential cross section of K'*- or 7¥-nucleus scattering at Fi (or Pr) = 800

MeV/c. As a possible explanation of the discrepancy, a density-dependent correction for

*The project is supported by National Natural Science Foundation of China, the Grant LWTZ 1298 of
Chinese Academy of Sciences.

K*.N scotioring emplitude was proposed by Brown et al. {1}. On the other hand, the
high-energy (above Oa3 resunance) pion-nucleus elastic scattering 1 ay also be sensitivity
to unconventional nuclear medium effects (2]

It is well known {1} that the K¥-N scattering amplitude is roughly proportional tu
{g? + MZ]™! in vector meson exchange model, and to {g? + (28,)°]7" in simple quark
model, and the assumption of momentum transfer g being much smaller than the vectos-
meson mass M, or the constituent quark mass M, in the above energ)7 region is usually

valid. Therefore,

frcan(p) T +n(0) = (M(0)/M(p))* = (AL(O)/M (p))" (2)

where (p) corresponds to the quantities in the nuclear mediuma of density p, and (0) to the

quantities in free space (p = 0). Based on eq. (2), Brown et al. supposed {1]

Traen(p(r)/ fx+n(0) = 1.0 — Ap(r)/2p0) " 3)

where A is an adjustable parameter of which the value lies within some range.

For comparison, besides the approach of Brown et al. {we call it wethod 1), in this work
we also calculated the optical potential multiplier [M(0)/Mq(p(r)) ? based on a quark NJL
model {3] (we call it method II). Along the simple approach of Het ley and Miither {3}, the
in-medium constituent quark mass M, can be solved from

9 c A 2F 2
My = m + 220 M‘,/ PEp) 4, (4)
_ T ke fp? + M7

where ny = 2 is the number of quark flavours, n. = 3 is the number of quack colors, and A

is a momentum space cut-off parameter. The form factor
rop .
F(p?) =1 - exp{~(£7)") (5)

reflected the quark confinement is some degree, the parameter ro is a measure of the con-

finement radius. Fermi momentum kp(r) is related to nuclear decsity p(r)as

k() = 2] 2 (™) (©)

According to rel. (3], let m = 5 MeV, A = 800 MeV and G = 2/A?, for F(p?) = ! and

kp = 0, then a constituent quark mass in vaccum M, = 325 MeV znd a pion mass m, ~ 150

2



MeV can be obtained. In our calculations, m, A and G are always taken as above values,
kg(r)is calculated [rom eq. {6} (of course should change unit from fm™! to MeV).

\Ve calculated the ratios of total cross section Rt in eq. (1) (at 400 MeV/c < P < 300
MeV/c) which are given in Figs. L. We also calculated the differential cross section of 7 ¥-
scattering on '2C at P. = 300 MeV/c, the results are given in Fig. 2. Except for SLi, the
calculated results of B without considering the unconventiopal medium effect (UME) are
about 10% lower than experimental data [4]. Both method I and II can get same very good
calculated results in agreement with experimental data. The optimal parameters A {rq) for
method I and II are 0.2 (0.42) for 12¢, 0.25 (0.45) for *35i and 00, 81 is an exception for
which all calculated results are lar\ger than experimental data, at present the reason is not
yet very clear. For the differential cross sections, the calculated results without UME are
about 30% lower than experimental data (3]. Both method [ and II with the same optimum
A and rg as above give same good calculated results in accordence with experimental data.

So we have reason to believe that the introduction of the above unconventional medium
effect may lead to an enhancement of both K*- and rt-nucleus scattering cross sections
and provide a possible explanation for the missing theoretical cross sections in conventional

nuclear physics calculations.
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Figure Captions

Fig. 1 The A+ total cross section ratios R defined in eq. (i), lhe dot-dashed lines
correspond without UME, the solid lines with UME of method 1, the doted lines
with UME of method 1 with optimal values of A (0.1 for 81, 0.2 for 12C, 0.25 for **Si

2od *°Ca), and the dashed lines with A = 0.2 for 5Li. “3Si and *“Ca.

Fig. 2 Elastic scattering differential cross sectiou for #¥-12C at 800 MeV/c. The dashed
curve is the result without the nucleon swelling effect. The solid a1d dotted curves are
the results with the nucleon swelling effect obtained by method [ and II repectively.

The experimental data are taken from ref. (]
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Fig.3. Elastic scattering diffeventinl cross st lor 37 =0 L0 Rog MeV /e The
dashed curve is the result without the nuckean swelling el eer. The solid and dotted
eurves are Lhe results with the nuelean swelling eflert obcained by method | and it

respectively, The expevimential dacas are tiken from ref1 85
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