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ABSTRACT:

The Iinfluence of the:color Van der -Waals force in the
208,

elastic scatterlng of Pb on . Pb -ab subbarrler energies is

studied.’ The consp1cuous changes in the Mott oscillation- found
here-is suggested as a possible- experimental test.
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Several theoretlcal Investlgatlons have considered the
pesslble exlstence of strong coler Van der Waals forces between

-8
hadrons; J.

Just as the usual electromagnetic Van der Waals force
betveen neutral atoms arises .from two-photon exchange, the calor
VDW force comes about from two and multl-gluons exchange between
color singlet hadrons. There are of course important differences
between the QED-VDW force and the QCD-VDW one. Most notable of |
these differencés are related to confinement, (in the MIT bag model
this force does not exist) and the non-linear structure of the
Yang-Mills glusn fields. It is 1important therefore to set
experimental limits on these forces. Estimates of the strength of

the color VDW force have been made. ~ We summarize these in the

f‘c»ilowing';'5J
c s he
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o
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where ro= 1fm. o 8 and ®, & 100.
The phenomencioglcal consequences of the existence of the

color VDW interaction have been laooked for in different systems and

L 4)
- the results are not conclusive

The purpose of the present paper is to suggest a physical
system where the coler VDW is enhbanced and consequently its effect
on the system can be less amﬁiguously studied. Specifically, owing
to thé fact that in the collislon between two heavy nuclel the
effgctive interaction 1is ‘cbtained by double folding - hadronic
densities with the effective nuclecn-nucleon interaction,any. color
VDQ force between the constlituent hadrons, such as ia or ib, leads
te a color nucleus-nucleus VDW force which at large separations
goes as AIAZX(la) or {lb), where Al is the atomic number of nucleus
I.

We therefore propose to look for the color VOW fbrce in




-ZUBPb+ZDSPb'.. By low energy we mean

the low energy scattering of -
low enough’ to-avold the action of the -strong short-range nuclear

- Interaction. At these energies, the Coulomb repuision completely

" dominates the -scattering amd consequently the cross-sectlon is

structureless and almost éntirely Rutherford. Small perturbations
such. as: the: color VDW for-ce'. have. to be looked for in quantum
interference- éffects' which would arise from e.g. the identity of
W8 WAL

the-projectile and the target. Thus our choice of
Prcce_ed now to describe our caleulation.

We: first. remind the reader that other small ei‘f‘eéts.
. beéid‘és‘ the- VDW' interaction, have to- be ‘taken into account. These
. include QED vacuum polarizatlon, va. (Ueming potentlalﬂ). nuclear

dlpo_le., and quadrupole’ polarlzabllitles, VD and Vq.
respeettvelys_m}, electron. screening V;;’, and relativistic

corrections, VR. arising  from using the Darwin Hamlltonian'®.

The - sum. of all these corrections. and the VDW one is dencted by

AV = E VL. Thus the interaction peotential felt by the two nuclei is
i 3

Z.za

N
VAA(r)—
e

- avIr) : - : (2)

The- Co‘u}qmb barrier: of Pb+Pb is about B0C MeV. . We take for the CM
‘energy 500 MeV as a répresentative case. At this energy the
classical distance of closest approach -is 26 fm, at which the
shert-range. huél’eab interaction is negllgible. So we are fully
Justified 1n taking (2} for an interaction.

2
- Z22Ze
At 500 MeY, the Sommerfeld parameter n = ‘hi is about

480~ which  is large. enough to guarantee that a semiclassical

deécrip_t}.on of.the scattering is quite: a.d._equatea'm’. with the ajid

of - the statlonary phase approximation, we obtain for the elastic.

éc_:atter_in‘g .amplitude

; 1 / A'1
f{g) = exp 216(?«I)_ - i?\16 .

kvsSin 6. ]@’(Al)] )

do L : ]
v °1_ exp 218(A ) - tA 8y,

(3]

df?
dd'“ 1 hl S o
wher_'e,—dﬁ = ksTre ia,—uv)—wi—.' is the .classical cross—-section, 6(;\1)
. 1
is the total phase shift, J\l = £1+ % with Ei being the orbital

angular momentum of the stationary phase defined by

d = =
Za 6(?&)] = G(A‘J = 8,
1
and @ is the classical deflectlon function: In Eq. (3} 8 =3—A@_
The phase 8(?\1] is written as
G[J\i} = cr(a!) + A8 = a'(hl) + E Asj(ll) : (4)

i)

where ¢ is the Coulomb phase and AGJ[)\.i) is the cha.ngé in the phase

due teo the perturbing potentlal ¥V The classlcal cross section,

do 1

! can be caleulated to first order in A8 = 29— A8, ast 1@
df da
do do ! e
el _ ~ Ruth 1 e 3, .8 o d- - Epo
50 - —am 1_+§A9tan§+-,a—A9cot§ EAG. (B)
da’R th 2 : 4 8 i ]
where d;! ER: /[4 sin i] ls the Rutherford cross-section and




a2

- do- 7. e 2 dtrl .c.h'rcl e fdo L du‘cl.
T = gy ey f® = [9]* q [“'9]:"*'2 = ["] [9]

. finding. - Recently, Vetterll et al.

HWith the above preliminaries, we can finally write the

sumnetrized cross-section in the following form

a0 . a |°j

-.-xcos'[zhﬁxcof- %l'-.i--'z'ﬁ[Aa.[?&-l_(E)']?'~"A&{i;(n—e-]]}]'-<_ S (T

In obtaining the phase.in (7) the formula'®

8

2&'(12(6)'} - 20 (Al{n—B]'l = 2nincot 3

- ._has-'.been..used-- (this. formula is valid as long as 1 le<1),

The: numerical results presented below are obtained by

' calculating Ae:using first order perturbation theory, which should
be: -quite- adequate- considering.the- smallness of the perturbations

invelved. ' The quantity

do
dn ~ "da
do-

an

A=

+*

do
Kokt
dag

figure ! we summarize our results for Ecn = 500 MeV which Is

slightly below the Coulomb i:a.rr'ier*. .
For V>°(r); Eq. (1a), with =, = 8.0, the effect is

extremely small (Fig. 1a). However, when V;'J:(r']', Egq. (1b), is

is: then evaluated with

" “used with w, = 100.0, the effect on the Mott cross-section is quite

conspicucus, as can be seen in Fig. 1b. Notice that an angle

precislon of 0.00D3degrees is required in order ‘to confirm our

13 have studied QED vacuum

being the Mott cross-section. - In

polarization effects in ‘oC+'%C at ELAB = 4 MeV with a pr-_ec_i_siogr_
which is slightly smaller than the one required in our test case.

In summary, we have studied in this paper the influehce
cf the Color Van der Waals force dn the lowl energy elasi:ic
scattering of identical heavy nuclei. lfnlith_a. precision In angle
measurement of  about 1077 degrees one - should be able to set: an
upper 11mit on the strength of the ¢ CVDW force.
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