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Pion scattering from polarized *He
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The role of the three-body wave function in the scattering of pions from polafideds studied. It is found
that for the case of the asymmetry from" scattering, the inclusion of thB state can be very important,
changing the asymmetry calculated by as much as a factor 2—3z Tteeattering asymmetry is altered very
little. [S0556-28189)04806-2
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I. INTRODUCTION )
O= 2 0l(go+gar)e'"
Recent measurements of the asymmetry of scattered posi- =

tive pions from polarized®He [1] indicate a considerable .
disagreement from the calculations using multiple scattering :E oie'd
techniqueq2] including only theS state of the three-body
system. With only thé& state present all of the nuclear spin is whereg,+ g1=9, is the proton strengthy,—g; =g, is the
carried by the odd particle, the neutron in this case. Since thgeutron strength, anglis the difference between the incident
amplitude for elastic pion scattering from the neutrofeis-  and final wave vectorg=k—k’. For the distorted wave ver-
proximately three times smaller at resonance than that forsion it is only necessary to replace the plane wave
the proton and, since there are two protons, one might sus- ,
pect that the asymmetry could well be sensitive to the iy (K r) k1),

smaller components of the three-body wave function which

allow the proton to carry the spin. For the charge form factorVere theys are the pion waves distorted by the interaction
there is no interference term between B@nd D compo- with the other nucleons. Since bilinear products of the wave

nents but for the magnetic case there is an overlap. Thufémecrt;i?gra;ﬁ dsmrl?ietlnci)wz ?:ft%rtaoﬁegon_:%Ogairtergsjtofhtize

asymmetry measurements provide an appropriate tool to ol2P L ply by . Iy |

serve the interference of the large and small components. F _rocedure It Is necessary to have a characterization of the
. ., different states of this system.

these reasons we study here the effect of the inclusion of the We mention here a problem that exists in pion scattering

interference of the two principal small components, 8i€ 3 the three-nucleon system at higher momentum trans-

and theD states. _ fers. The large-angle measurements have revealed that the
Seminal work on this problem was done by Land8ll (1555 section rises at back angles. The shape looks very

some years ago. He used the same formalism as had begfich like a form-factor effect but, while it is possible to find

used for electron scattering, assuming that the same form density which will fit this shape, it does not seem to be

factors would be valid for pion scattering, and found goodreasonable physically. While this is an interesting problem

agreement with the then-existing data. One of the interests iand is under study, we consider it to be beyond the scope of

studying pion scattering from the three-nucleon system is tehe present work.

attempt to distinguish scattering from nucleons from scatter- We will calculate the matrix element of the operator given

ing from extra-nucleonic components of the nucleus. Thusn Eq. (1) between the initial and final ground states3bfe

we treat the three-body system from first principles and askising distorted waves for the pion. Section Il reviews the

what reasonable form factors are required to fit the data. It igroup theoretic basis for the wave functions. In Sec. Ill the

not claimed that a final result will be presented here, it isexpressions are derived for the overlap of the dominant and

only a first step. Other recent work has been done bymall-component wave functions. Section IV presents the

Kamalovet al. [4]. approximate forms for the controlling functions. Section V
While Faddeev calculations are capable of making predicelevelops the formalism used for the distorted waves and

tions of the wave functions needed based on two- and threesecs. VI and VIl give the principal results and some conclu-

body nucleon-based potentials, we proceed here with a pheions.

nomenological form based on general considerations. For the

study of pion scattering from the three-nucleon system we, . \pACTERIZATION OF THE PRINCIPAL STATES

employ the distorted wave impulse approximati@wIA)

which reduces the problem to the scattering from one of the The basic problem in the presentation of states of the

nucleons with the ability to include the distortion of the in- three-nucleon system is that of satisfying certain fundamen-

1+Tiz
2

: @

1_7'iz
2

9p +0On

cident and final waves by the other two nucleons. tal principles in hadronic physics, nameljl) conservation
The operator for the spin-dependent interaction af'a  of total angular momentun{2) conservation of isospin, and
with 3He is given by (3) the Pauli principle. This general procedure has been
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TABLE |. Permutation table showing the action of the permu-

tation operators on the symmetric, antisymmetric, and mixed states. Es> = i(| LIDYHITID+ITTLY, (4)
Note that the subscriﬁ (and nota) denotes antisymmetric. 2 \/§

P23 P12 P13 ‘1 > 1

sa)=—=CILTT) =TI =111,

s s s s 27 s
A — s . \/: s . \/:l!f? L L
s Va 2( 31/’&37 l/’a) 75( 3‘7//b+‘r//a) - - _
Yo ~ 2 (o \34) 2 (o= \34) ‘2b> ﬁ(”m TTL). ©

The symmetric state belongs to total sgirand the mixed
known for some timé5-8]. In the present work we follow, states to total spif. Spin (isospin projections of—3 are
to a large extent, the development of Re]. obtained by reversing the direction of all arrows.

In order to treat the first requirement we must discuss the The projection operators for proton and neutréor
possible functions of angular momentum and spin. Since thepin-up and spin-dowrare given by
spatial coordinates of the three-body syst@enter of mass
motion removeyl can be reduced to two vectors, the only
total orbital angular momentum functions possible from a

bilinear combination can be written §0]

1
(1+7%), Pp=3(1-79). ®)

N| =

P,=
The effect of the projection operators on these states is

5 ’ ’
=2 S e o). @ Polay=3(la)—V2ls).,  Polay=5(2la)+\2Is)),

These basis functions of the rotation group of representation Pp|b>:|b>’ Pn|b)=0,
L can then be combined with spin functions to obtain total
; ; 1 1

angular momentum functions. Sintecan take on the values  p Is)==(—+2]a)+2|s)), Puls)==(y2|a)+|s)).
of 0, 1, and 2 the states are classifiedaB, andD states. As P 3 LT
has been known for a long time there is more than one pos- (7)
sibility for each angular momentum. We shall attempt to
choose only the most important among these states in ord
to be able to extract some information about the system.

For the three-nucleon system we must deal with states
the permutation group. While the overall state must be 1
purely antisymmetric to satisfy the Pauli principle, it must be |sysi=—=(|b)g|b), +|a)ga),),
built out of states of mixed symmetry. For three bodies there V2
exist symmetric states, antisymmetric states, and states of
mixed symmetry. For spin and isospin there exist only the - 1
symmetric and mixed states. Since there are only two values |S>5|:E(|a>s|b>| —[b)dla)),
of the variables, the antisymmetric state vanishes identically.
Under the exchange of the coordinates the states follow the
rule given in Table I.

From fundamental basis functions we can often build
more complex functions with desired characteristics. Given

V\r/e distinguish between the spin and isospin spinors with the
%ubscripts or I. From these states we can construct a set of
o§pin-isospin states

|a>5|:%(|b>s|b>|_|a>s|a>|),

two functions (say {.,¥, and {7,,7p}) which satisfy 1
Table | we can always generate another set by the relations |b>s,=ﬁ(|a>s| b),+|b)ga)). 8
1 1 Turning to the spatial functions, we takg andr, to be
ffﬁ(l//wﬁ bana), f?zﬁ(llfaﬂb— b7ma), the Jacoby variables defined by
1
1 1 ra=ﬁ(2rl—r2—r3), r,b=r,—rs, R=r;+r,+rj.
fa_ﬁ(‘/lbnb_‘/’aﬂa)a fb_ﬁ(’pa”?b"' Poma). (3) )
Note that

In this way we will generate the fully antisymmetric states
needed from mixed symmetry states of spin, space, and iso-
spin.

The possible(orthonormal states for either spin or iso-
spin projection+ 3 are given by and

2
r§+rﬁ:§(r%2+r§3+ri3) (10
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R r, R ry rp R ry Trp 1 (ra,rb) 1 S%(ra,ry)
==+ —, r,==— + =, rgmm— ——— —. —(|sYg+|b)ds), —|s)gb . =
1 3 \/§ 2 3 2\/§ 2 3 3 2\/§ (2 ) pT3(| >SI | >S| >I |>S| >I) 3 (477)2
11

2
With this definition the variables, andr, themselves satisfy ~ p| = (|s)5|+ |b)si+|s)s| b>|)S(ra'rb) 1S(ra.r)

Table I. © 3 (4m)?
A. Sstate wave function ,l’b) 1 S4(ra.rp)

. . . T_—(|S>S| |b>5|+|b>s|5>|) & © 3 . >

From Eq.(2) with L=0 we find, setting, in turnf=r,, (4)

r'=ra; r=ry, r'=ry; andr=r,, r'=ry, three functions
which are scalars under rotation in space and which trans- n] O. (18
form according to the permutation group

2 B. S’ wave function

strg+r§, Xa:rg_rai Xb=2rg"Tp. (12)
Since the wave function just described is the dominant
Of course, any function af§+r§ will be a symmetric func- one, it is necessary to go to one more level in complexity to
tion as well. The least complex spatial function usually pro-include the next order. From the fundamental mixed repre-
vides the largest component of the ground state. We wilsentation in space we can construct more general spatial
choose the simplest functions in each category. functions of mixed representation to be combined with the
The minimalS-state wave function is given by the prod- mixed spin-isospin representations:
uct of a symmetric function in space multiplied by an anti-

symmetric spin-isospin wave function Sy(Fa,fy)= U (tap) YalTasT)
a’ - 471_ alla» 1

1 _
1S) = 7=S(tan)IS)s1, 13
41 U(tap)
So(Fa)=—4— xn(Ta.l). (19
where we have used the shorthand notatigy- \/raz+rb2.
Since thes wave density is given b$?(t,,)/(4)? the nor- Of course more complicated functions can be constructed
malization condition is using Eqgs(3)
1= S>:j FarbdradroS (ta). (14) xH= ﬁ(xﬁ—xi), X$9=\2xaxv.

If we make the Irving transformll]

1 1
r.=tcosf, ry=tsing x)= \/—(XbX(l)_Xanl)) XEZ)ZE(XaX + XX 5,

and use the result 1 1
3)— (2) _ (2) [€) (2)
F[(ITH— l)/z]r[(n+ 1)/2] Xa \/—(XbX XaXa ), Xb \/E(Xa)( + XbXa ),

/2
fo cos"gsin"ad o= (/2]

etc. (20)

for mandn even, the normalization condition becomes _ _ _ _
Using these mixed representation of the spatial wave func-

T tions we can write
1=f todt co§0sin20d082(t)=1—6 t5dtS(t). (15

1
SY=—I[S , b)g— , 21
The density of any one particle will be given by IS 271>l o) B)si=Srarola)sl (2

with the normalization

ps(r) _
ps(r) ==, ; zf dr o drp(r—14/v3)SX(tap),
(16)
—— JU('[ p) 2L (re—r2)2+4(r, rp)?]drdry
®© - a a a a
Ps(r):3\/§J radr,SA(Vrp+3r?), 17 (4m)?
0
_ 2 2, 2y2, " 22|22
where the normalizatiorf5r2drpg(r)=1 holds. The wave _j U (tab)[(rb ra) ™ 3rar rarpdradry. (22

functions and densities for protons and neutrons with spin up
and spin down are given by Using the Irving transform again we find
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r , 5 ’ ~ PN
1= | CdtS*). 23 T3 (ra.ro)= \[grarbE CIT% YT (T2 YT ().
(27)
Similar to theS state, the density of one particle is given by
. Note that
ps,(r)=3\/§f r2dr,U2(\r2+3r)[(r2—3r2)2+4r2rl).
0 2
r -
(24 ™= Tvg"(r). (28
o

The wave functions and densities of the particles are given

by We can now define functions of the correct symmetry for the
spatial part of the three-body wave function

1
pT —={3Si[(|a),— \/§|S>|)|b>s+(|a>s_ \/§|S>s)|b>|]
9\/§ M 1 M M
¢s(ravrb)ZE[Tz(rbvrb)"_Tz(raira)]y (29
—Sp[9lb)g|b) — (|ays— V2[s)s) (|a) = v2|s))]},

1., 5 1
382+ 5, b5 (Faurp) = 5[T5' (1o ) = T3 (ra Fa) ;

1 Ay (ra, ) =T (ra,rp). (30
Plﬁ[33a(2|a>s+\/§|3>s)|b>| branh T2k

Their angular integrals are given by

1 1
+S(lay—2ls))(2la)stV2Is)9)],  3Si+ 5 S fdn A0 dE™ (Fa ) B (1. 1o)
aUdipPg Fa:lp) Ps (Failp

1 r
nTE[3Sa(2la>|+ V2|s))|b)s :J dQ,dQpdEM (ra,rp) M (1 Fp)=Sum —

+S(2]a)+2[s)) (12)s—V2I8)9)],  3Si+ 5 S,
and
1 2
niﬁsb(aa)ﬁ\/§|S>|)(2|a>s+\/§|s>s) S

, 5
. | 40,0,05" (roru) 60 ro) = S g 10E.

(32
C. P-state wave function Sincer, andry, are variables which satisfy the permutation

For theP state, the coupling to unity in E) yields only ~ group(Table |) the reader can easily verify that tigés do as

one (antisymmetrig¢ state, well.
Three minimalD-state wave functions can be constructed
from the symmetry functions given above as
Py=2 CYis ATy (ra.ro)lsudsi, (26) y y g
whereu represents the spin projection, the isospin projection |D,)=—=D,(t b)E [HM(r Tp)|bY;
being held fixed. A quarteP state can be constructed by V2 2 ave
using the$ spin function, which is always symmetric, and 3
the symmetric isospin wave function. The probability of this —oM(r. r)la CM’IMJ-/%_ > 33
state is thought to be very small. In any case we will not Po (Ta ")) Cofs v 21 33
consider theP states further since their overlap with t&e
state with the operatar, is zero so that there is no interfer- 1
ence term. IDg)=—=Dp(tan) 2 {[Xo¢4 (Fa.lv)
V2
D. D-state wave function +Xadh (Fa.fo)]1@) —[Xodb (Fa.lb)

Since theD state must be coupled to spinto construct 3
the spiny 3He-T system, and since the spjnwave function _Xa¢2/|(ra o)l b>|}cgﬂé¢3¥%_ﬂ> , (34)
is purely symmetric, we must use a spatial mixed represen- a2

tation to form an antisymmetric wave function. For tbe
state Eq.(2) becomes and



PRC 59

1
|D7>= EDy(tab)(Xb|a>l _Xa|b>l)

M,u,1/2 ;M
x> Co451i2bs (TasTp)

3
§M>- (395

The normalization of the three symmetric functions is taken

so that

f dradrbDi(tab)|¢gﬂ|2:f dradrbDi(tab)|¢k’\)ﬂ|2:11
(36)

| dradn Dt + xadh

- [ draan D3t ol - xastl =1, @2

[ drrD2ta xogl2= [ dr.drD2ta xagt?=1.
@8

The completeD state can be written as

1
D)= N > {[—aD b+ BD g(tan) (Xo b + Xadbh)
+ D xp#1la), +[aD  dY — BD s(xpdh — Xady)
3
- YDyXa¢2A]|b>|}C¥,'é7‘z',11/%§M>- (39)

The B D state is orthogonal to the other two but hendy

states are not orthogonal to each other. We can construct a =f r2rédr,dr,D2(tap)

set of orthogonal states by defining the combinations

AY=—(D, ¢ =D xpdd )N,

1
A3”=5Dﬁ(xb¢2”+xa¢ﬁ”>, (40)

BY=(D,¢) =D xabt )N~ ,

1
By = — ED;;(XWQA—XMQA), (41)

with the normalization factors chosen so that
j dradrb|Ai|2=f dr,drp|Ag|?

=f dradrb|Bt|2=f dr,dry|Bo|?2=1.
(42)
Then, with

aty

_ _ay
C+_2N+ ’

TO2N_

Ccl=p, (43
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the wave function can be written as
1

V2

3
+<C+BT+CBM+COBB”)|b>.]CE”,é¢‘2:1{%§u>.

ID)=—= 2 [(C,AY+C_AY+CoAY)|a)

(44)

The B and y D states have a more complicated internal
structure than th® , state presented above. TBé state is
believed to have a probability of less than 2% andRtetate
less than 1% so it is reasonable to believe thalthendD
states are also smaller than tbeg, state. Gibson found that
their q dependence for small values started with a higher
power|[8].

In the present work we restrict ourselves to thestate
alone. This choice gives a rough approximation to the Fad-
deev results. We now give the formulas for the normalization
and densities for this state. The density of g wave will
be given by

D2(tap) X (CYys YA oY (ra ro) |2+ (ra.rp)|?]

(45)
and the normalization
1:<D0(|Da>
4, .4
r-+r 5
:f rgrﬁdradrbDi(tab)[ a b+€r§rﬁ} (46)

4
r. 5
E'f‘ grgrg}

1 5
= EJ rargdradreD2(tap) + gf rarpdradrpD2(tap).

(47)

Using the Irving transform we can rewrite E@7) as

1
1= Ef t°coL 0 sinfodtdoD?(t)

5
+ gf t9%od' 0 sin*adtdoD2(t) (48

_1som xt9D2tdt+3w 5ththdt
2 256), alt) 2566 ), o)

(49)

_Ll5m mthzthSWlJmthztdt
=2 256/, ! DalldtF 5555 ] UDLY)

_om “1°D2(1)dt 50
= 256), S(Ddt. (50

The square of tha term of the density integrated on angle
gives
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S —4g,CsCq
Pa(TasTy)= g DA(tap)rard (5) xS |0|g)= dowsy
(4m)?
while theb term gives ><J S(tap)U(tap)(ra—r2)e'd "1dr dry,
1 =-12/3 cc,f J3r2+r2
polTar) = 7 D2(tap) (ri+rf). (52 1390CsCs | S3rE+ry)
X U(\3r2+r2)(r2—3r2)jo(qr)rridrdry.
A more complete treatment of tH2 states can be found in (56)
Appendix B.
We now define
Ill. OVERLAP BETWEEN THE LARGE AND SMALL
COMPONENTS pssr(r)=3\/§f r2dr,S(\3r2+r2)U(y3r2+r2)(r2—3r?),
5
We will write the wave function as 67
so that
|°*He)=Cg/S)+Cg|S')+Cp|D). (53
2<S’|0|S>=—490CsCsrf r?drpsg (r)jo(qr)
In the present work we consider only tlaeform of the D
state. :_z(gp_"gn)cscs'f rzdrpss’(r)jo(qr)-
A. SS overlap (58)
From Eq.(18), we have B. SD overlap
1 S(ra,rp)U(ra,r) The overlap of the charge form factor for tigeand D
(S'|p11S)=0, (S'|pl|S)= §(rt2,—r§) 5 ,  waves is zero since the quartet and doublet spin states are
(4) orthogonal. Including the spin operator
S(tap) D o(tan)
(s'Inlls)=o0, (DoIP1IS)= = =7 ¢a(ra.1y) 335 1AD.INT[S)
=0,
1 ra,rp)U(ra,r
(S'In1lg)= - 5 (12— loale) g
3 (477)2 S(tab)Da(tab) 0,1/2,1/
(DalplS)= T¢a(ravrb)Cz,3/2,1/ZDa|nl|S>
While the density looks the same the sign difference =0. (59
causes the interference with the domin&rdtate to provide .
the major contribution to the radius difference between thd-or theSD overlap we find
even and odd nucleon radii ifHe and the triton. The full , ,
integral over all coordinates gives orthogonality of thand (Slo1|D)=(S|7101|D)
S’ states but there is a contribution to the rms radius from 1 2
this interference term. _ =_ rs(tab)Da(tab)ngégjﬂg d2Ara,r).
For the expectation value of the spin operator we have ™
(60)
2 Sra,rp)U(ra,rp) Since the two results are equal, only the protdite like

2
U z —_— 2_
(S'o1lS)=—z(rp=r3) (4m)? ’ particles will contribute.

Including the factor of 3 for the three terms in the opera-
tor, we have for the contribution from the cross term for the
while plane-wave result

) CC
(S'|o27l)=o0. (59 2SO ,)= - = 2 [ o sttt

Hence the plane-wave form factor of the overlap is X eI T1a(rg,rp). (61)
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Using the relation between, andr, we see that only one
term of ¢2(r,,r,) contributes

2(S|0|D )= CCplp—=

= [ J_f dr,dryr (1)

XDa(tab)e'q'rle(ra) (62
93 2
=CsC drdr,r?
S Dgp4 \/—\/— b
X S(\/3r2+12)D ,(V3r2+r2)
xelrY(r). (63
Defining
343
pSD<r>E%r2J drpS(3r+r5)Do(V3r2+rp)
(64)

—3\/_rf r2drpS(y3r2+ra)D,(3r2+rp),
(65)

we can write

6 . o
2<S|O|D>:CSCDngf dre'®"Y3(r)psp(r)

iy 0 _—
CsCpy,6 ?Yz(Q)J redrjo(dr)psp(r)-

(66)
Thus

2<S|O|D>:3Cscogpf r2drj,(anpsp(r).  (67)

IV. APPROXIMATE FORMS
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TABLE Il. Parameters for the scalar functions.

a b c 7 N
S 0.55 0.2855 1.7200 2.0 4.036265
s’ 1.00 0.4000 3.3378 1.0 52.54929
D 1.2 0.2000 2.26900 2.0 53.4300
e~ apt
D(t)=Np . (70)
(t15/4+ nD)(1+ e(cD—t)/bD)

From S(t), S'(t), andD(t), the densities offHe and *H

can be reconstructed and from these densities, the proton and
neutron distributions offHe and *H and the charge form
factors of 3He and ®H can be obtained. The parameters in
the S(t), S'(t), andD(t) (shown in Table Il were obtained
from fitting the charge form factors ofHe and®H to Fad-
deev densities with the additional constraint that the rms ra-
dii of *He and®H nuclei were required to be consistent with
the experimental results. Figure 1 shows plots of these func-
tions.

V. DISTORTED WAVE CALCULATIONS

The pionHe amplitude can be written as

Ak,k")=F(k,k")+G(k,k")o-kxk'. (72)
The spin-independent paiE(k,k’), is calculated by means
of a finite range optical model. Although the calculation is
done inr space it is finite range and includes the same phys-
ics as momentum space models. The techniques used in this
case are the same as have been described elsel#htdk

The spin-dependent paiG(k,k’), is calculated using a
distorted wave impulse approximation. For the case ofShe
state the calculation is the same as in R&f. For theS-S’
interference the expressions for the DWIA are the same as
for the pureS state, only the distorted waves are different.

For the S-D interference term the expressions are more
complicated and will be given here. The distorted waves are

To obtain an estimate for the overall scalar functions we
fit forms to the neutron and proton Faddeev densities. It car
be expected that these functions will tend rapidly to zero for

small values of the argument because of the hard core repul 4

sion of the nucleon-nucleon interaction. Since small values
of the argument correspond to all three nucleons being g

n

close together the suppression can be expected to be Velo3

strong. This suppression is supplied by the exponential in the;;
denominator of the expressions below.

The forms used were %
e ast =
S(t)=Ns(t7,4+ 7o) (1 os Oibg)” (68)
e*asf'[
S'(t)= (69

N ’ 1
S (t15/4+ 775,)(1+e(csr—t)/bsr)

and

FIG. 1. Overall functions controlling the wave functions. Solid
line: t325(t), dotted line:t*?D(t), dot-dashed linet¥?S' (t).
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calculated as due to the scattering from a neutron-proton paappropriate distortion is from a neutron-proton pair. For the

since the spin is carried by one of the protons. S’ state there are two cases since the interaction is with a one
The full operator(with its off-shell extensiohis taken to  proton and one neutron.
be proportional to The G amplitude from theSD interference will be given
by
Og(9,9")=v(a)o-axq'v(q’), (72)
where G(k,k’)=39pCsCDf dry(k,r)Og(a,q") g(k',r).
_AZHK? 79
v(q)= A2+q? (73 Hence it is necessary to evaluate the integral
Hereq is to be interpreted as iV. The unprimed quantities Gsp= 39pCSCDf dr[V(k,r)]
act on the incoming pion wave function and the primed ones

act on the final pion wave function.

i 0
The action ofv(q) can be calculated on a functidir) XV k™, nD1Y(1 psolr). (76)
by Using the result
_ AZ+K2 Ca it CExi
For = (—i _ ' —iq-(r—r")g/p? f'Lg—g’'Lf LfXLg
f(ry=v(=iV)f(r) fdr dge f(r )A2+q2' VixVg= r i o 77
(74)
where

Using a partial-wave expansion fofr) and the exponential,
the components df(r) can be transformed each partial wave
at a time. With the wave functions from the scattering from
the other nucleons denoted kyk,r) the transformed wave

functions arey(k,r). For theS-state contribution th& am-

plitude is generated from scattering from the neutron so the |_MYI (r)—| JI(+1) clmlﬂ m+ﬂy{"+ﬂ(F), (79
distortion of the incoming and outgoing waves is by the pro-

tons. For theD state the action is on one of the protons so thewe can express the result as a sum of radial integrals:

L=rxV (78)

and

3
QSD:_EngsCD(ZFl“‘Fz)a (80)
Fu(0)= 2m< 1)™sinme{F 31 P2 3™ Q2 — [ FIA1) + F2%1)1CP LS Ll 79Q1 mQi + 2 (81)

F2(0)=%(—1)msinme{fg°(|)CP,OZO{[|(|+1) m(m—1)]C 5 ™ 0 [1(1+ 1) —m(m+ 1) IC ™ AQE

+1AD)CYS AV (T+ D) —m(m—1)][(1+2)(I+3)—m(m—1)]C -~ ™" 10

—\I+1)—mm+)I[(1+2)(1+3)—m(m+ D) ICT 5" Q) mQis2m)s (82

where =(21+1)P™0 \/(I—I_ml)! (85)
Ql,m_( ) I( ) (|+|m|)!-

N . U (1)
it = fo Ujn(r)— Upn(Npsp(r)dr, U,(r) is the pion partial wave function, multiplied lrycom-
83) ing from the solution of the Schdinger equation modified
to correct for the finite-range effects as discussed above.
, »U MU o (r
f)z\')\ Efo |+)\( )r I+\ ( )pSD(r)dr, (84) VI. RESULTS

Figures 2 and 3 show the cross sections obtained and
Figs. 4 and 5 the asymmetries for and«~ scattering from
and 3He. There is reasonable agreement with the data except at
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do /dQ(mb/sr)

PION SCATTERING FROM POLARIZED*He

180 MeV |
=)

o ©

30 60 90 120 150 180

FIG. 2. Cross sections far " 3He scattering. The data are com-
pared to DWIA calculations with our fitted densities. Dotted line:
only S-state, dotted-dash lin& state andSD overlap, solid line’S
state plusSS overlap andSD overlap.(Full circles: Ref[12], open
circles: Ref.[13], open squares: Ref14], full squares: Ref[16],

7]

c.m.

diamonds: Ref[15], and open triangles: Reff17]).

the back angles where a rise is seen in the experiment

values which is not reproduced by the theory.

The asymmetries at 100 MeV for*and 100 and 180

10°

1

10

do /dQ(mb/sr)

100 MeV

30 60 90 120 150 180

FIG. 3. Cross sections for~3He scattering. The symbols and

7]

c.m.

lines have the same meaning as in Fig. 2.
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FIG. 4. Asymmetry A)) angular distribution forr*-He elastic

scattering. The curve shows the DWIA calculation with our fitted

densities. dotted line: onlg-state, dotted-dash lin& state andSD
overlap, Solid line:S state plusSS overlap andSD overlap.(Full

circles: Ref[1], open circles: Ref[15].)

0 MeV a strong dependence is seen on the inclusion of the
D interference term. It increases the asymmetry by about a
factor of 2 at 142 MeV and about a factor of 3 at 180 MeV.

MeV for 7~ are in good agreement with the data. At 142 andThe S-S’ interference leads to a small contribution.
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05 E_ 5 § 100 MeV _E
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-0.5 *He(r", 7T_)—§
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7
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FIG. 5. Same as Fig. 4, but far~-*He elastic scatteringFull

circles: Ref.[18], open circles: Refi15].)
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The peak of the asymmetry occurs at the minimum in the TABLE lll. Functions which make up the-state densities. The
cross section, as is very common in many calculations. It iolumn labeledN,, contains a common factor ef/3x 2'° and that
interesting to note that the experimental maximum of theabeledR, m/3x 2.
asymmetry does not occur at the cross section minimum. The
minimum moves to smaller angles at the resonance whertegral Function Np R,

the nucleus becomes “blacker” and then to larger angles ag 1,4, 4
. . . aa 4(ra+rb) 30 30
the absorption decreases in both the theory and the experi; 52,2 30 30

bb 6
ment P e T N BT
Pabb 3(r2—r2yr2e2 0 -5
VIl. CONCLUSIONS Pa g(rg rg)rgrg 0 )
bab 3Up=a)talp o
We have included the contribution of the interference beP, 2= (rg—rd 12 12
tween the dominarf state and the small& andS' statesto  p,, 3r2r3(r2+r? 12 12
the spin-dependent amplitude for pioile scattering in a Paasa r2—rd2(rivrh 9 9
distorted wave calculation. We have presented scalar fung> S(r2—r2)2r2r2 5 5
tions representing the three-body system in a “minimal” p° lrzrz(r4+:“—2r2r2 5 5
approximation. At the 33 resonance we find these effects tg" "~ $ a;kzrza_rzgzrgrza b ) )
be important(at least for ther* case. Any theory attempt- Pabab Vb P 9 9
ing to fit this data should include these smaller components. °°P° 12 52r)a;(b4 5 0 5
Z(rg—ra)(rp—r -
Paaas 4 lerrZa(r4_br4) a 0 _o
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APPENDIX A: EXPLICIT EXPRESSIONS
With N=+/15/2(1/87) we can write

Tg(raarb):N[XaXb_Yayb+i(XaYb+anb)]a (A1)

1
palla,lp) = azDipbb'l'E:BZDé( Pbbaat 2Pababt Paabb)

—2a8D ,D 4(Ppap+ Papp) — @YD oD, Ppps

+2ByD 3D (Pypast Panbd + ¥2D2Pppss:
T%(ravrb):_N[Xazb+zaxb+i(yazb+zayb)]v IBV g Y( Pbas abbS) 7 v bbes
(B1)
Tra,rp)=N'[32,2,— 4 1], A2
2(ra Tp) =N'[32a2p = Ta- 1] (A2) " \\hile theb term gives
whereN’ =N+/2/3. Explicit forms are 1
1 Po(Talb) = @DgPaat 5 7D Popbb~ 2Pavabt Paaaa)
¢g(ra,rb)=EN’(32§—32§—r§+r§),
~V2aBD D (Ppap—Paaa),
- a'yDaDyPaas+ \/EIBVDBD 'y( Pabbss™ Paaas)

+ '}’ZDiPaassr (B2

¢ell(ra:rb): N[XaZa+XpZp+1(YaZatYpZp)], (A3)
1 :
$alra:Tn)= 5 NIXG—yp=Xa+ Yo+ 21 (XeYp—Xaya) .
(A4)  where theP functions are defined as

Under the replacement " y
Py [ 40,00, (o rar), B3

R rp+ry R Nl (AS)
a= = s b= "= 1
2 2
V2 2 Pijk:fandeXi(ra1rb)¢}w*(raarb)¢'|:/l(raarb)y

¢ (Ra,Ry) = ¢l (ra,rp), (B4)
MRa1R =— ¢y a ’ MRavR = (";A an .
S Ra R)==gfl1a ). ' RaRI= 40 P- [ 40,800t rate)

X * (a:lp) Bl (Fa,lp), (B5)

APPENDIX B: COMPLETE D STATES

The square of thea term of the density integrated on and are given in Table lll. Of interest algfor the calcula-
angle gives tion of the normalization and the rms radiase the integrals
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f r2drar2dryD?(tay) P(ra,fp) = an t"D2(t)dt,
(B6)

and

f rgdrartz)drsz(tab)P(ravrb):Rnftn+2D2(t)dt,
(B7)

wheren is the dimension of th® function plus 5. The con-

PION SCATTERING FROM POLARIZED*He

32901

stants in front of the integral on the right hand side can be
obtained with the Irving transformation and are given in
Table IIl:

Pii=Pji,  Pix=Pikj, Pij=Pjii=Pijic -

All P’s with an odd number of indiceb vanish under the
angular integration. AlP’s with an odd number of indices
vanish under the Irving integration.

[1] M. A. Espy, D. Dehnhard, C. M. Edwards, M. Palarczyk, J. L.

Phys. Rev. (24, 677 (1981).

Langenbrunner, B. Davis, G. R. Burleson, S. Blanchard, W. R[11] J. Irving, Philos. Mag42, 338(195J).

Gibbs, B. Lail, B. Nelson, B. K. Park, Q. Zhao, W. J. Cum-
mings, P. P. J. Delheij, B. Jennings, R. Henderson, (isser,
D. Thiessen, E. Brash, M. K. Jones, B. Larson, B. Brinkarp
K. Maeda, C. L. Morris, J. M. O’Donnell, S. Penttjld.

[12] B. M. K. Nefkens, W. J. Briscoe, A. D. Eichon, D. H. Fitzger-
ald, A. Mokhtari, J. A. Wightman, and M. E. Sadler, Phys.
Rev. C41, 2770(1990.

[13] S. K. Matthewset al, Phys. Rev. (51, 2534(1995.

Swenson, D. Tupa, C. Bennhold, and S. S. Kamalov, Phys[14] C. Pillai, D. B. Barlow, B. L. Berman, W. J. Briscoe, A.

Rev. Lett.76, 3667(1996.
[2] W. R. Gibbs and B. F. Gibson, Phys. Rev4G, 1012(1991J).
[3] R. Landau, Phys. Rev. €5, 2127(1997; Ann. Phys.(N.Y.)
92, 205 (1975.
[4] S. S. Kamalov, L. Tiator, and C. Bennhold, Phys. Rev T
941 (1993.
[5] L. I. Schiff, Phys. Rev133 B802(1964.
[6] B. F. Gibson and L. I. Schiff, Phys. Re%38 B26 (1965.
[7] G. Derrick and J. M. Blatt, Nucl. Phy$, 301 (1958.
[8] B. F. Gibson, Phys. Rew.39, B1153(1965.
[9] M. R. Robilotta and M. P. Isidro Filho, Nucl. PhyA451, 581
(1986.
[10] J. L. Friar, E. L. Tomusiak, B. F. Gibson, and G. L. Payne,

Mokhtari, B. M. K. Nefkens, and M. E. Sadler, Phys. Rev. C
43, 1838(199)).

[15] B. Larsonet al,, Phys. Rev. Lett67, 3356(199)); B. Larson
et al, Phys. Rev. (49, 2045(1994).

[16] K. S. Dhuga, D. B. Barlow, R. S. Kessler, B. M. K. Nefkens,
C. Pillai, J. W. Price, B. L. Berman, W. J. Briscoe, S. K.
Mathews, and S. J. Greeigenpublishegl

[17] J. Kdine, J. F. Davis, J. S. McCarthy, R. C. Minehart, R. R.
Whitney, R. L. Boudrie, J. McClelland, and A. Stez, Phys.
Rev. Lett.45, 517(1980; Phys. Lett.103B, 13 (1981).

[18] D. Dehnhard, Acta Phys. Pol. B7, 3019(1996.

[19] W. R. Gibbs,Computation in Modern Physid&Vorld Scien-
tific, Singapore, 1974



