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ABSTRACT

The antiprotoa-huc;eus scattering problem is for -~
mulated as the charge-conjugated Pirac eguation for proton-nu
cleus scattering. The Dirac impulse approximation optical po
tential is used to calculate within the eikonal approximation

the scattering observables for p + *2C, p + Z7A1 and,§:¥ £ 3cn

in the beam momentum range 400-1000 MeV/C. Good agreément with

the data is obtaineda
* Supported in part by the CNPq

June/1%84

A great'of amOUht of theoretical interest has re-

_cently heen placed on antlproton—scatterlng off nucle'l 5)

ThlS arlses from the very promlsrng data whlch is: comlng out

~and will contlnue to come out from the 1ow—energy antl-proton

ring (LEAR} facxllty at CERN, as well a from other laborato-
rles.. Further, the antinroton—nucleus system is a good "1a—.
boratory®™ that would help better our understandlnq of the more
basic antiproton-nicleon interaction; and would, even-
tually test the more fundamental theory, QCD, at a level where

hadronie cross—sectlons are large.

In a recent letter, Nakamura et alrs).préséared

the absorption and small angie scattering of antiprotons by

120, 27231 and S3Cu nuclef in the 'range Cflhéﬁmimémeﬁtum 4734-
880 MeV/C. This is a gdod set of data that can be used to
test different theoretical approaches to prnucleus scatterlng.
A popular approach starts w1th the cunventional non— re’atl-
vistic, optlcal model Schrddlnger equatlon. ' Dover et al. 1}
and Kahana and Saino 3) have used thlS model, with a non—relar
tivistic folded optrcal model of the utp® varlety, to discuss
possible_exiatence of résanahéefana correspondiné back angle

enhancement of the elastiC'séatterinq differential cross

. section of the."§-+'A system at 1low energies.

In this letter, we take a completely dlfferent

peint of view concernlng ‘the p +a scatterlna system. Owlng

. to the greatly successful Dirac description of proton—nucleus




scattering end scin polarizacioc-and rotation7); we suggest
that if thls Dxrac descrlntlon ls xelat;v;stically ccns;stent,
.the antlprotonrnucleus scatterlng system shoulg" be as
successfully descrlbed hy a. chargeecon]ugated'nlrac equatlon.

- We comnare our calculatxon wlth the data of ret.s) and ‘make

several predlctlons.

The: Dirac egquation describing Ehe elastic scatte;inq
of a proton treated as a Dirac particle from a spin saturated,
N = Z, nucleus, is usually written in the form, using a time-

independent,descriﬁtion
[-Prpoms\y+V ]y, =EX g

uhere it is assumed that the average, complcx, nncleonrnucleus
potent1a1 is a sum of a scalar component V , and the fourth

{tim2) cowponent of a vector pctentlals.vb_vhich also contains
the point Coulomb potential. The watrices a and B are Dirac's.

and ¢ in the proton four component vector wave function

Phenomenological applicationsa), as well as calcu- '

lation with a microscopic impulse- approximation optical po-
tentialg'1°} have clearly shown that Eq. (1) is an excellent -
representation-of the average relativistic interaction of

protons with nuclei.

We take the obvious point of view that p, being

-2 -

the antiparticle of the proton is described, ignoring its

internal structure, by the wave_functj'_onul

‘J_’F -:.C(g\_,u: - | | @

where € in the charge con;ugatlon cperation. Thus to obtain
the antiprotcn—nucleus Dlrac equation, we (1) take the
complex conjugate of Eq. (1}, (2) multiply by C8 and (3) re-

place the vector potentlal Vs by -V'. Thus we propose that

the Dirac equation, desc:xblng p + nucleus scattering is

given by (without taking into account NN annihilatjon effects)

REponryDreUD]Y =t o

thh V - and V bElng the proton-~nucleus potantials.,

7 One can

reach_several immediate-conclu51ons concerning the optical
goientiel for the'ﬁ + nucleus system. Dirac phenomenological
analysis supported by impulse approximation "tp"™ typs theory
for the p_+'nucleus*op&ical potential have convincingly shown
that the ccala; potential, Vs is regenerafive_(position imagi
nary.part}-whereas V is aBscrptive. Further, the real part

of V (V ). is large and repu151ve (attract;ve). From Eq. (3),

we could immedlately neach the-conclusion that for p + nucleus




system, the signs of the real and imaginary parts of the
scalar and fourth component of the vector interaction are all

negative. This implies very strong attraction and very strong

absorption.

Within a birac—impulse aéproximation, the strengths
of the scalar and vector interactions for antiprotons scat-
tering are thus exactly egual to those of pxoﬁons. These were
calculated by McNeil et al.g). We use their results in our
calculation of the elastic scattering of antiproéons based on

Eg. (3)-

We write Vstr) and Vb(r) as

v __.
r}y—
M=V e e =

i
W

A . o
_y;‘_'(r) - (4)

. |
= YV{E) {~ = 5
A< \ﬁ( )P en = \éfv(”

{5)

where\ﬁs(r) and'ﬁv(r} are the shapes of the nuclear scalar
and vector densities. In all our avplications below we set
b (r) = B (x) = p(r) and use for f{r) the density shapes

extracted from electron scattering.

In Figure 1, we show the real and imaginary strengths

of V_ and V, constructed from the relativistic "tp"

9)

prescrisption of McNeil et al.”’. The density shapes were

123

taken from De Vries ahd Peng . It is useful at this point

to analvse the central and soln-orblt 1nteractlonsthat would

appear in the equatlon detetmlnlno the upper component of the

Dlyac ¢§‘ These are given by
_ . 7 - L :ﬁ LR o 2 2
* * A x >E
: E L Vs =V, g

\éCr) :[\4 t L/ )] ffr)-f-m—_“h £ | (&)
Y} r)_("\{’ 'V’_') .L_e(.ﬁm o | 7

se AWMAws ¥ dr :
Ao = E+m+VW +¥ (8)

Then, since ReV, > 0, ReV, <_o.-1mv°“< 0 and InV_ < 0,we expect
very weak spin-orbit,ihteraction in E—nucieus scattering and
accordingly wvery smail spin polarization and spin rotation.

This is made quantitive in oﬁr caleulation below. Further,

the real part of the central potentlal V (r).,is domlnated by

. the first term in Eq. {(6). Conseuuently a Wbod“Saxon parame-

trization should work reasonably well in a non-relativistic
treatment. This is in contrast to protcn nucieus scattering

where a more exotic shape namely of tlie wine bottle bottom

variety seems to'bejfequiredl3);: The réason resides in the

F(r)? term in V_(r) which is equal in both p and p cases except

-5 =




that it is the dominant term in Revg. whereas it contributes
about 5% in ReVD E.g. at k = 879 MeV/c for p + '2C and

p + *2c,

Re

LN

2
& = - é93.;¢fcuﬁ + 3.-z-.zfcr))_ [Mev]

. - ’ A ’ a 2 .
ﬁe \épfr} = - £-3f(l‘) f'ZZ-ZCFf’ﬂ.[MeVJ (ro)

-~

Similar considerations can be applied to Inv,,,

—

A A 2 '
Im\, 1 = —201-9 P07 + 9..1(‘((,.,)7 [Mev] (11)

o A : ' A R .
Im-vcftr) = -3/ gftr) - 9.1 (fcrb- EMﬂVJ- (12) -

Thus the p (r) term contributes 4.5% to Imvp(r) caompared to.
28.5% to ImVP{r). A representatlon of. ImVP(r) that follows

p{r} should be quite reasonahle.

The elastic scatteringldifferential cross section,
spin polarization, P, and spin rotation Q, for p + '?C were

caiculated_using;the eikqnal_approximation_fol;dwing Amado. ei

3

31,14)_ This aporoximation should be quite adequate at the

6)

energies .and smalk angles considered here and in Ref.
The results of our calculation are presented in Figure 2. In
all gf our calcﬁlétionswa have paved due attention to the long

range Coulomb attractlon by approurlately modifying the Amado
15}

et al. elkonal amplltudes .

The elastlc scatterlng dlfIEIEHtlal cross section
for the p + A system at k> 400 MeV/c is structureless and
drops ranldly several orders of magnitude in an angle interval

of about 20° _ This is In great contrast to the P + A case

- whera strang Fraunhoffer diffractlon' oscillation are S€eR, We

interpret-this“as:érising from the deminance of the far—sidé
contribution over the near~side one in the elastic scattering
amplitudé at sma11_§n§12516’17).@mere by Far-side and near-
_side_éontributions.we are referring to the decomposition of.
the amplitude'iﬁto two "running waves®. This is done using
the well- known decomposition of the Bessel function J (qb),
which enters in the awplltude, into the form J \qb} =
1 @(l] {gb} + H(z) (qbil with Hl(z) (@b} — et )iqb'.

gab +large
being the Hankel fungtlonL The reason for this is the

strong nuclear refraction in p + A.

In contrast, in p + A scattering refractive effects

are small (see-Eq. 10} and thus one has a situation where the

far-side and'nea;¥side contributions are roughly egual giving

rise to the usual two-bright spots "Fraunhoffer ™ interference.




e

structure. The detailed near/far decomposition of the p+A

scattering systems will be pubiished elsewheIEIS).

As discussed earlier, the spin-orbit interaction
in the p + A'system is expected to be very weak. 0u£.ca1cu—
lated spin polarization and p séin rotation (Fig. 2b and éc)
for p + 1ZC at kﬁ = 879.MeV/c lends support to our earller
discussion. In contrast to p + A systems where p and Q could
reach 90%, the P+ A exhibits only 2% to 4% spin polarization
and fotation; It would be very intefesting to verify our
predictions above for the.recently reported measurement of
Nakamura et al.s). We have also'calculated‘the total reaction
cross section, oy, for P+ 12C P + 2733 and E + %%Cua, in the
incident linear momentum range 400 < k < 1000 MeV/c. The
results shown in Fig.3,are in guod agreement "1th the datae),

and do pot show the dip seen in the calculated on For proton

scatteringlg).

We should emphasize that in all our calculation

above we-the'ignored the effect on the p + A optical potential’

arising from the NN annlhlletlon processzo)

' From various theoretical studies, it is expected

that NN annihilation may be taken into account through the in-.

troduction of an average complex potential whose reel and
imaginary strengths are very big (+~500 MeV) and d¥f charac—
terized by a small radius (0.8 fm) and a very small diffuseness

(0.2 fm). When folded wfth the target nuclear density, this

- B -

interection_wéuid result in an effective annihilation p + A
interaction, which resembles-very:much_a.hard core. This
would, on the average, lead to a élight.increase in absorption
and would lewer oef celculated da/d? and increase oy, exactly

in the direction required (see Fig. 2a. and 3).

In conclnsion, we have presented in this 1l etter,a
parameter-free calculation of the P+ A scatterlng cbservables
based on the charge—conjugated Dlrac lmpulse approxlmatxon
P+ A optlcal potent1al. Our'results indicate clearly that
our theory is'cozfeet-inVSO far'as it reproduces reasonahly
well the date.: It alséwlenés great support to the consistency
of the Dirac-equatlon-based descrlptlon of proton scatterlnq
from nuclei. "he only mlssing elewent in our caleulation is

the effective p + A annlhllatlon potential. Cur results,

- however, should serve as - a startlng 901nt in asse551ng its

_importance in p + n scatterlng.

Further'measurementiand calculation will be reguired

for a fuller unraveling of the physics of nucleon~nucleus and

antlnucleon~nuc1eus scatterlng.
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FIGURE CAPTIONS

Figure ).

Figure 2.

'fiqdre 3.

The strengths V_(E) (full line} ,v: (E) (dashed line),
vicz) (lower full linel and vi (E} (lower dashed

line) for p + 1%C scattering. -

2a. The elastic scattering differential c¢ross

section for p + 12C at k{) = $70 Mev/c,

obtained with the Dirac impulse approximation -:%i;
using VP VP and VP = —V“ {see text for .:EE

details). 74 Jl‘f’a/.:rr v rhe Sehpsdnger '
Fff?;aﬁnée difﬁ: a{'ﬁ&jgﬁiilffzc- JQJVAK{LP‘JE #w&) ~—

2b. The spin polarization for p + 12C (see fig.2a)

Zc..rhe~59in rotation for p + Y2C (see fig. 2c).

‘The total reaction cross section for p + 1%c, :7A1,

%30y obtained within the Dirac impulse approximation.

Also shown are the data point taken from Ref. ‘6.
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