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ABSTRACT
MANY-BODY s sosss 4
Elastic scaltering and charge exchange rench?g; for

. polarized proton scattering from polarized are

studied using the relativistic distorted wave mpulse

PHY [ approximation. Sensitivit)es of predicted observables
tc relativistic effects 1n the nuclear wave function and

the Lorentz form of the effective interaction are

discussed. The results suggest that it may be possible

i i i ) this way to obtein new infermation concerning
§ The Ohlo State UmverSlty r:Iahvullc dynamics n nucle:r structure and
ki June 6“9, 1988 scattering processes
i INTRODUCT [ON

Polari1zation phenomenon 1n intermediate energy proton-nucleus
{pA) ecottering has been a very rewarding srea of resesrch thanka to
the realizat.on some five years ago! of the importance of

Edltors relativistic virtus) peir effects i1n the elastic scealt=ring process
. B.c, Chl'k Since then the nuciear phvaics theoretical community has responded
i R P witk & prosiferation of work in this area We should ‘e encoureged to
J- my continus  pursuing investigation: involving polerizat 'n pnenumens in
H PeoY, msdium  energy nucleon scatiering with an sim fowards fur*her
MQMSmmUmw elucidsison of rciativistic dynamics in nuciear many budy systems
J.l‘. val'y in this talk ] will discuss the possibilities for continued
mum slma UNWSRY m\'eshbgauun of relativistic asprecls of puclear reacl: ns and nuclear
struciure based on studies of medium «nergy po.arized proton
end . scatterang nnd charge exchange reactions from odd target nuclei. which
lows State University ] witl also assume to be polarized Scattering data from odd nuclear

targets are sparse a! medium energies while polarized tlarget dats
{other than deuterium) at these energies are nonexistent A large
exper:mental program to provide proton scoattering data from polarized
nuclear targets is currently underway et LAMPF 2°3 In the meantime it
1s benelicial to both the experimentalists yn deciding what to messure
and to theorists an evalusting the different models. to investigate
the predicted model sensitivities in the elastic and charge exchenge
channels to the various sspects of reistivistic dvnamics cantained in
the current relativistic models of nuclear scattering and structure

In this presentation | will conrsider the specific case of elastic
scattering of i1nt:rmediate energy polarized protons from polarized !3C
within the framework of the relativistic distorted wave Born
approximation (DWBA) using the relativistic impulse approximation
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{RIA) to describe the projectile ~ target nucleon interaclion.i'%~9
Sensitivities are calculaled and discusaed for Lhe elastic scattering
cbaservables with reapect to (1) the lower component of the lpl/z
valence nucleon wave funclion, (2) the Lorentz form of the two-body
interaction [e.g . pacudoacalar (PS} versus paseudovector (PV) forms],
{3} contribulions of the even-even core to the isoscalur three-vector
current and (4) the individual contributions of the separate Lorents
lerms in the two-body interaction.

Following this the same model will be applied to !3C(p.n) charge
exchange 8°10 The fact aat this reaction is dominated by the large,
one-pion exchange component of the effective. nucleon—pucleon (NN)
interaction makes 1t an jdeal laboratory for studving relativistic
aspacts of the NN nteraction. such as the paeudoscalar versus
pseudoveclor ambiguity.

2 THEORETICAL MODEL |

The 500 MeV $ + 13C  elastic scattering observables were
calculated using the relativistic impulae approximation for the beam
proton - target nucleon interaction,l'll a four component. independent
particle model for the relativistic target wave function,!? and the
relativistic distorted wave Born approximation for lhe valance nucleon
{1p,,») portion of the p + 13C elastic scattering amplitude.? The core
contribullon to the scattering amplitude is handled completely within
the usual RIA model l'% The first-order RIA potential 13 given by

°P' LF) = UCOTE (R RURRE (1)

where

SP ey _ paine P " .
UL IF) = [dir ““b‘b’b“'{r ) lpn(|r - F)) “n c Jb"lr ). {1b)

where USOT® ;5 the optical potential for the J® = 07 iZ nucieon core,
u{f) 12 the 1p 2 valence nucleon wave function and lpn 18 the
projectile (proton) - target valence neutron interaction operatorl 11
[(0) denotes the projectile, {1) the target nucleon}.

e . 5.5 u 5 u.5 uv
to, = Fs * Fp rg»i » Fy vg7y, + Fu 29207\ 7,u * Fr 070, (2)

The lp,/z valence nucleon wave function 13 eupressed as.
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(F) ’lb" (l’) Y‘b’b ( )

Yn gy} -

biblv A (r) Y- (r) , {3)
b i

where l!“(r) »s the spin-angle funciion and Ly = by 2} %

,b = 172

ln the relativastic distorted wave Born approximation the p 4 A
elastic scattering smplitude is (suppreasing spin labels)

n - p
! o fCOTey | _ ‘X£ )IU“v.“lxg’)>- (4)
2n(fc)2
where 1°°T® 135 the exact scattering amplitude due to LUS°'® m s the

proion mass. and x, 13 the relativistic distorted wave function for
the proton + 12-nucleon core.

Substituting the partial wave expansions for the multlipole
expansion for g, 6 and the valence neutron wave function into
Eqs (1b} ond ¢«4) yields the partial wave expension for the p - -:C
elastic scattering amp] 1 tude given in Rel 6 The resulting
expression depends on sums of radial integrals containing lhe rodial
distorted wave functions and the bound state form fattors capr (1)

pnn
which are defin<d by

Ar) = [ Pt TS (ror) I £ 51

pnn ‘b’b

where n. § and p denote the Lorentz component spin dependence and
multipole of the NN interaction, respectively 6 The radial valence
wave functions are contained in the quantity 2ir‘}.© The label n
accounts for upper and lower component coutributions of the vaience
wave functlion A listing of the relevant multipoles. spin and totsl
angular momentum quanium numbers for each component of the NN
interaction, along with the corresponding bound statle wave function
information required 1n evaluating Eq. (5) js given in Table |

To 1nclude the pseudovector form rather than the PS, the second
term 1n Eq. (2). Fpigv$. 1a replaced withi3: 14 vay dp?74, /(4m2) where
d:=q%,. q“ s the 4-momentum transfer. and Fpy p using properties
of the ?ree pgrtncle Dirac equation The S = 0. n =3 bound stste
form faclor F .{r) 1n E§ (5) 15 therefore rep!aced with



TABLE

Angular momentum quantum numbers

1
(a)

and valence nucleon wave

function informalion for the Pis2 * Pise transition.

Force
n Description S
1 scelar 0
2 time~]ike 0
veclor
3 pyeudoscalar O
4 time—]ike 0

axial vector

1 tensor.j 1
1
2 axial 1
three-vector
1
3 tensorg, 1
1
4 three-vector 1

Proportjonal
Valence Nuclsum
J Structure
o lpl2 ~ |a)2
0 lp12 + |2
1 "2
1 (vanishes)
1 w12 + 3|2
1 lwi2
1 lpl2 - 3122
1 lot2
0 L
1 {vanishes)
(1] (vanishes)
1 [

‘.)J 18 the total angular momenium transfer for the target nucleon.

a1

Ug(r "}

Ugero(r) " a4, -q0 730" (o
’gan"(’) = (,+~§_;___] ér 2dr Tap(r.r )z‘b,b(r )(l+~—;r—-). (8)

where USPTC(ri1 and Ug(r’) are the scalar parts of the core oplical
potentln? and pingle particle binding potential, respectively.

A Jongstianding fajlure of relativistic nDuclear siructure models
has been the large overestimate of the i1soscalar magnetic moments of
odd nucleil5 due to enhancement of the Jlower component of the
relativigtic wave funclion of the odd nucleon (due to the strong
scalar and vector binding potentials). This problem has been studied
by Purnstahl and Serotl€é and by McNell ¢l al.17 for 'nfinite nuclear
matier Both show that the isoscalar three-vector current of the odd
A target (even-even core plus one particle) can be represented by an
effective single particle valence nucleon three-vector current )ip
which enhancement of the lower component of Lhe valence nucleon 1s
suppressed to the wesk binding potentisl value {so-called
"nonrelatavaatic” limt) Core response effects for the 1soscalar
three vector current at non-zerc momentum transfer in finite nucley
have also been studied recently.!® For the present sens:tavity study.
s simple model 13 assumed 1n which the isoscalar portion of F',nu(r)
in %q (5) 13 computed assuming the weak, relasivistic inding
poteitial (WRBP) limit for the lower component obteined from solution
of the bound siate Dirac equation with vanishing binding potentials.
and 12 given by

<3.i,>
WRBP Rc ;4 b
A (r) = g- —— {— - ) ® (r). (7
naAy) - \ nf
bbb 2n-t dr r bip)
plply b'b
where ¢ is the valence nucleon binding energy The remaining form

factors and the isovector portion of Pp.nn(r) are computed as before
using & rejativastic A(r).

The distorted waves and the core contribution to the (full
scattering amplitude were compuled as explained in Ref 4 for J" = o*
targets using the SP82 NN phase shift solution of Arndt. 19 ihe
empirical )2C charge density,20 empirical values for the neutron
vector density.® end relativistic mean field theoretical (RWFT)
valuesl2 for the scalar densities. In all of ths calculations
presented here lhe core neutron vector densily was adjusted (only the
surface radius end diffuseness) to improve Lhe overall agreement {not
necessarily to obtain o perfect fit) with the preliminary p + 12C
differential cross section data.2l
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The RWFT IPIIZ single particle wave funclion was assumed for ¢
and A. In sddition the WRBP \ir) of Eq. {7) was used along wilh the “’W rautron h %
single particie Dirac equation bound state form given by

$ “
; ~— T :
€ ol !
RSPD .\ . Bc 4 <>
*ngj (F) 28 - gy, + Ug(r) - Uy(r) ‘ar r ] #0yy(r).(8) e}m | 4
MO l 2 3 4 5 6 7 7
which was obtained from solution of the Dirac equation where Ug(r) and r(im)

Uy(r) are single particle binding potentials.22 The different wmodels

tor A‘P are shown in Fig. 1.
12 figure 1 (Refer to text for descriptions of all figures)

3. p + 13C ELASTIC SCATTERING RESULTS

Preliminary data2l for 500 MeV B + 12C and 13C{unpolarized)
alastic scattering and the predictions o7 ihe standard RIA model
(1.a., RMFT wave functions for the valence neutron. PS internction
form, no core quenching of the isoscalar. three-vector current) are ] — A B 'P’;‘-'-
compared 1n PFigs. 2 - 5. The RIA model provides a gqualitative . 500 MY
description of these data, being particularly good for thes cross
tections. but diaplaying too much structure for D5 . The notation for g.h b

the D,, measurements ix such thal subscripts (i) and (j) refer to the
Inltil’ and final laboratory prolon polarization directions,
respectively, whera N. 8. and L are normal to the acaitering plane,
perpendicular to the particle momentum and in the scalteririg plane, B
and parallel to the particle momentum, respectively In Fig. 4 the
13¢ - 12C experimenlal and RIA model differences sre shown for the v
differential cross sections and analyzing powers. The differences in
the predictions are roughly hail? due to kinematics and half due to the | Y m—
k-
k-]
B
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extra interaction with the 13tP pucleon The experimental differences
tre well described by the standard RIA model. For these unpolarized
target observables liltie sensitivity (o different prescriptions for

A 1/2 exists and they are also 1nsensitive to the choice of
plgudolcnhr or pseudavector coupling. quenching of the isoscaler
threse-vector current, and parts ol the NN interaction other than the 2
scalar and time-)ike vector terms. Nobetheless. careful analyses af
such data ara required in order to determine the core scattering % 3
smplitude. These results show that a succensful description of ths h -
unpolarized 130 observebles primarily requires a realiulic treatment 3
of the 12~nucleon cors portion of the scattering amplitude. B
Preliminary data for p + l1C Dy are shown in Fig. 5 along with Wb

several relativistic mode)l predictions, the solid curve representing ¢« » B ® B »
the stendard RIA prediction. The remaining calculations are diecussed o, (deg)
. in the following. The departura of from unity indicatss the

prssencs of lotal anguler momentum transfer J = | contribulions to the
elssiic acatiering channe). Theas arise from the valence neutron Figure 2
scatiering ampliiude through the J§ = 1| components (primarily the
pseudoecalar) of the effective NN interaction (see Table 1).
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For p + 13Cipolerized) elartic scattering the Saclay NN
convenlion for labelling the observables 1n the pA c.m. was
assumed 23 QObservabies wilk spir components in the directions of the
¢ m coordizate system 22 3 n. and i are denoted by subscripts 9,
N. and L. respectively. 1in the figures and in the discussion that
follows. The observables showr. -~ the figures are ¢ m. quantities.

Examination of the individua) contributions of the various

compongnts of tLhe Lorentz inveriant NN effective interaction to the

P + 13C elastic scatiering observabies reveals Lhe following. The
B~type polarized targel observabies are dominated by the space-]iks,
three-veclor interaction and are sensilive 1o relativislic binding
potential effects 1n the lower component lpl 2 wave function !nd to
quenching effects in the 130scalar, three-veclor current. The a-Lype
p2larited target observables (and also DNON or DNN) are dominated by
the pseudoscalar interaction, are sensitive 90 ‘lpl/?' and are highly
dependént on PS or PV forms.

Moderate sensitivity to (r) 13 showm 1in Fig. 6 for Dyong: ®nd in
Figs. 7-8 for selected polarized largel observables. The soybd curvas
are standard RIA results where the RMFT value for A{(r)} i1s assumed, the
dashed curvea display the results of similar calculations using
;‘RBP(,,. Mowever., when pseudovectar coupling is assumed the model
seustlavily Lo 2ir) for DNONO and the 3-type polarized Llarget spin
observables is essentially eliminated. For this case the sensitivity
to Ar) in the ﬁ-large! observables remains., since the pseudoscalar
contribution to these observables i1s negligible If we additionally
adopt Loth the pseudovector coupling form and the estimasted core
cuittribution te the isoscalar three-vector current, the remaining
sensitivity lo Mri in the n-type target observabies 18 also
e. vinatled Mixing of |seudoscalar and pseudovector ipnteraction
contribations. and variations (from that assumed here) in the core
contribulion to the effective jsoscalar three-veclor current at finite
nomentum 1ransfer for finite naucles might restore some aodel
sensitavaty to A{r»

Model sensitivily to pseudovector versus pseudoscalar coupling 1s
shown in Fi1g. 9 for Dypno- A oLs: oMd Agpss: where the solid (dashed)
curves correspond to p:eugo:cnlnr {pseudovector) coupling and the
relativintic, single partizle bound state wave function of Eq. (8} 11
arsumed for Asr). Considerable sensitivity Lo the choice of Lorent:z
form 1% evident i1n each case shown. .

R A summiry of Lhe model prediciions for oNo &nd several n- and
s-target observables for P + 13C at 300 MeV is exhibited in Figs 3
and 10. The solid curves are results from (he standard RIA
calculation (1 e., RMFT ¢(r} and A(r), PS coupling) Predictions
obtained assuming pseudovector coupling with RMFT @(r) and »(r) from
EQ (8) are indicsted by the dashed curves Resulis using PS coupling
and the quenched isoscalar three-vector current (RMFT values for yp and
A} are shown by the dsshed-dotted lines. Finelly, the model results
oblained assuming both pseudovector coupling and quenching of the
isoscalar three-vector current (RMFT ¢ and A of Eq. (8)) are given by
Lhe dolled curves. The resulls i1n Fige. 5 acd 6 for Dy Suggest a
preference elther for PV coupling or the PS form with X (r).
Conparison of these prediclions with the forthcoming polarizea 13C
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data wil) be very exciting and wil) wundoubledly challenge the
underlying lheoretical models and assunpiions.

3 500 MeV :3C(p.n} CHARGE EXCHANGL RESULTS

Because of Lhe dominant sirength of Lhe PS invariant and given
the mporlance of the PS -~ PV ambiguily. studies which focus on this
specific componeni of the NN interaclion would clearly be worlhwhile
Becguse the PS componenl of the NN interaction derives primerily from
one-pron exchange It 33 strongly isovector and involves angular
momentum Lraosfer Gamow-Teller {(GT) lransitions therefore provide
the sujlabls candidate for such studisz Exsmibalions of relalivislsc
effects 10 predicled GT Lreansiliopns in lzc(p.p') have been presenled
already.2* Here and in Rels. 8 and 10 the sensitivily of (p.n)
reaction observables to PS versus PV forms 135 evaluated using the RIA
DWBA mode! discussed {n the preceding The particular case chosen 5
500 MeV 13C(p.n)13N leading to Lhe 1sobaric analogue stale (IAS) in
13N. This and other (p.n) reactions are currently being measured at
the neulron lLime-of-flighl (NTOF) facility st LAMPF 25

Each term 3o the NN relalivistic inverianl amplilude 13 assumed
to be 1sospin dependent according lo

F,=F0 e Fl 3332y 1 = SPVAT (9)

where 7 is the usual nucleon isozpin operator The ckarge e.change
transitjon amplitude 15 evaluated 1n Lhe RIA - DWBA model evoctliv as
for Lhe -ase of p + i3C elastic scatlering. except that the isovector
NN interaclion 18 used and there 15 nc core contribution For the
cnicuiat.ons presenled hLere :sospin invariance 1s essumed for the
brund stale and distorted wave functions The charge exchange
amplitude contains both aJ” = 0* end 1* components corresponding to
Fermi and GCamow-Teller transilions

The effecls of perticle-hole miming in the predicled i3Cip n)
obsercvables have heen estimated? and the predictted sensitivities to PS
versus PV forms asre nol expecled to be qualitstively altered by
configuration mixing in the A = 13 ground »slinte. Improved nuclear
struclure input will be required before meaningful comparison with
future data wjil) be possible

Predictions for the 500 MeV 13C(p.n)!IN(1AS) differential cross
section and polarizaiion are shown in Fig. 1l Suppressing the \p],a
lower componenl i1n the PS calculation or use of the PV form of the NN
amplitude both reduce the overall magnitude of the differential cross
aection relative to the PS. ARSPD prediction. The PS calculation
arsumi A is similar Lo the PV prediction at forward angles less
than 20°. Because Lhe PS calculations with A"REP for (he differential
cross meclion aere similar toc the PV resulls at forward angles
comparison with differential cross section data alon® 18 insufficient
to uniquely distinguiah betweep the two forms for the NN ampliludes
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The palarization d:i:splays similar Lrends in that si1gnificant
sensitivity Lo PV versur PS forms (with »RSPD) ;4 jpd;cated and the
ps, »WREP prediction (dasked curve) is similar to the PV rtlult.
The spin depolsrization observables Dy, 050 shown
o Fig 12 display considerable snnlltivllr to E fh the ckukou of PV
versus PS form and te reiativistic binding potential effects In the
lowsr component of the valenca nucleot wave function {for the P8
calculations only). Large. qualitative differences betwesn either sof
the two PS calculations and the PV prediction ere demonstirated for
each D observable. The D44 Ppredictions indicate scme
.ensltlv?ly to the PS versus FV form and Lo the strength of A{(r} (for
the PS calculations} but are not as dramatic as thal displayed by the
predictions. Similar calculations for polarized target
o‘lorvnblul do noi demonstrate sensitivity to A or PV versus PS forms
which is as drematic as that provided by the Dl observables. The
abgence of cora contributions to the (p.n) ?ranlltlon amplitude
permits the PS versus PV effects to become appreciabla for the
unpo’arized target observebles,® D unlike the situation for proton
elastic scattering from 13C (Ret 8).

5. SUMMARY AND CONCLUSIONS

The principal results of this study are the lallavln(. (1) the
unnolarized. odd-target observebles (except for Dy, are primerily
sensitive to )just the ascalar and llme~lnke vec or NN interaction
contributions of the core, (2} slgnlllcnnl :en:lllvily to relativistic
enhin- ement of Ar) exiats for most n and s~ target spin obrervables in
the standard RIA model, but Lthis sensitivity dissppears when the
theoreticelly motiveted PV model with quenched i1soscalar three-vector
currents 13 used, (3) sensitavity to PV versus PS coupling 13 amply
demonstirated 1n and the s-lerget observables. (4) n-terget
observables ere dominated by the 13cscalar three-vector current
{space-like vector contribution) and are sensitive lo core
contributions to such currents, and (5) theoretical spin
depolarization predictions. D 4,5 for the few hundred MeV proton
1nduced IAS charge exchange resclion from unpolarized !3C are directly
sensit:ve to the PS versus PY form. the prediclions remaining distincl
regardless of the (reasonsble) assunplions made {for the valence
nucleon lower compongnt wave function A variety of predictions for
severel 500 MeV § + 13C elastic scattering and charge exchangs spin
observables were given.

It can be concluded from this work that analyses of intermediate
energy polarized proton elastic scattering data from light weight.
polarized nuclear targete should, in principle, provide @ wealth of
ne's information releted to the following: (1) the Lorenilz charecter of
t .7 NN effective intersction. (2) spin saturaled core contributions io
the totel 1eoscalar three-vectlor current, (3) effective strengths end
rangee of various parta of the NN interaction, and (4).polllhl.
relativistic binding potential enhancement of the lower component of
the valence nucleon waye function. However. when faced with the
analysis of actual § + 13C elastic scetlering and charge exchangs dete
in the future it should be realized that the physica which must be

L]

ultimately dealt wilh in immensely complex. enlallinz most of the
intermediate energy reaction dvnamics known to be importani and
requiring very detsiled relativistic and nonrelativistic nuclear
structure calculations for & nucleus 1n & region of the periodic table
whose properties are notoriously difficult to understand Furthe:
progress n this theoretical investigation wil) most likely require.

(1) relativistic. coupled chapnels calculation, (2) sophisticated
relativistic NN interasclion models tased on meson exchange theory, and
(3) exchange. correlation. off-shell. and medium effects. elc We
hope that the intleresting results obtained in this work will stimulate
the theoretica. communily Lo sddress these and other problems.
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