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P- and D-State Contributions to the Magnetic Moment Foil@ Factors of H' and He' $
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The effects of reasonable admixtures of P- and D-state (J~=)+, T=$) components to the ground-state

wave function of H' and Hes on their magnetic moment form factors are calculated. It is found that these

form factors cannot be accounted for in this way. Inclusion of the S' state and a typical T=$ state still

leaves the magnetic form factors unexplained, although such an admixture is shown to account for the dif-

ference between the observed charge form factors. The empirical isoscalar and isovector exchange magnetic

moment form factors that are needed to 6t the experimental data are calculated.

I. INTRODUCTION

LASTIC scattering of high-energy electrons from
- ~ H' and He' provides an important source of in-

formation about the three-nucleon ground state. The
experimental data have been analyzed in terms of the
electric charge and magnetic moment form factors by
means of the Rosenbluth equation for spin-~ systems.
The basic formulas, which take into account the charge,
mass, and anomalous moments of the nuclei, ' have
been used to express F,q(H'), F,h(He'), F ~(H'), andF,(He') as functions of the four-momentum transfer
gl2

A summary of the previous attempts to understand
these four experimental form factors on the basis of
various assumptions concerning the three-nucleon
system may be found in Ref. 2. In this paper the non-
relativistic analysis of SchifP is extended to include the
contributions to the magnetic moment form factors that
arise from the P and D states with T=-', . (The error
incurred in such an impulse-approximation, nonrela-
tivistic treatment is on the order of pj6M', where M
is the nucleon mass. ') In addition a typical T=-,' sta, te,
which may appear in the He wave function, "is in-
cluded in a re-analysis of the charge-form-factor data
combining the results of Refs. 2 and 3.

The dominant component of the ground-state wave
function is the fully space-symmetric 2Sy state with
T= —', . Of the nine additional even-parity, J=T=~2
states, three are neglected as having such small ampli-
tudes as to be unimportant: the fully space-anti-
symmetric 2Sy and 2Pg states and the 4Pg state. The re-
maining 'S~ and 2Pg states contribute significantly only
through interference with the dominant S state. Only
the three 4D~ states are thought to be present with
sufFicient probability so as to be important in other than
interference terms. The T=-,', J=-', states have not
been classified. However, there is no such fully space-

f Supported in part by the U. S. Air Force through Air Force
QfBce of Scienti6c Research Contract AF 49(638)-1389.

~ National Science Predoctoral Fellow.' H. Collard and R. Hofstadter, Phys. Rev. 131,416 (1963}.
2 B.F. Gibson and L. I. SchiB, Phys. Rev. 138, 826 (1965}.' L. I. Schi8, Phys. Rev. 133, $802 (1964}.' G. B. West, Phys. Rev. 139, 81246 (1965}.' T. A. Gri6y, Phys. Letters 11, 155 (1964}.' K. Qkamoto, Phys. Letters 11, 150 (1964}.

symmetric state, and since the amplitude of a T=&~

state is small, a mixed-symmetry type-S state is as-
sumed to be the main component. This state should
have the largest interference with the dominant S state.

For the convenience of the reader, the symmetry
properties and formalism of the state functions are re-
viewed in the next two sections. The magnetic-moment
form-factor expressions are obtained in the following
three sections. The last section presents some numerical
results including fits to the charge form factors and
estimates of the magnetic-exchange-moment form
factors.

II. SYMMETRY PROPERTIES

Three classifications of symmetry with respect to
interchanges of the three nucleons are encountered
repeatedly in calculations of this type. All quantities
introduced below in the wave functions which carry
subscript s are completely symmetric under such inter-
changes, while those labeled with subscript u are fully
antisymmetric. Except for the Pauli spin matrices,
quantities in the wave functions which carry subscripts
1 and 2 have mixed symmetry with respect to such inter-
changes and transform according to the permutation
table given in Kq. (3) of Ref. 3 or Kq. (1) of Ref. 2:

P23$1= $1 ~ F1241 2 (3 42 4 1) l

Plagal 2 (3 42+$1)

F2+2 42 y F1242 2 (42+3 41) y

P1842 2 (42 3 41) ~

The combinations of mixed symmetry quantities

fs g2'g 2++1/1

fa =X2$1 +1/2

$1 3(2/2 Xi/1

Q2 ++1+X1/2

transform as indicated above.
Two vectors which satisfy Kq. (1) are

(3)

where y and r are the internal space coordinates of the
3-nucleon system defined as in Appendix A of Ref. 3:
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rom nucleon 2 to nucleon 3 and y is the
vector from the midpoint of r to nuc eon . is
seen from Eqs. (2) that

S =E '+R ' Si ——E2'—Ej,S —R. . .— '— ' =2R, R, (4)

The I' states to be considered are then

f8= (232n2+231nl) (R1XR2)f„
= [(23251+23152)n2+ (232S2—231S1)n1

and the D states are

(10)

e a ro riate symmetry propertie,
'

s and that

fth it 1(12 3) is a scalar function oof Ref. 2. If g
t under interchangees R~ R2 that is symmetric un

0

1 and 2 but neit er symmof nucleons 1 an
f 3 with 1 or 2, thensymme rict 'c under interchange o wi

V =6 'i'[g(12&3)+g(13,2)—2g(23, 1)3 (5)1

V =2 '~2[g(12,3)—g(13,2)g

transform according to Eq %1/'

The doublet spin states are

(6)x1= 6 "'[(++—)+ (+—+)—2(—++)]
x2= 2 "'[(++—)—(+—+)],

III. WAVE FUNCTIONS

f the I'- and D-state functionsA concise derivation o t e
'd d y be found in Ref. 2. Usingto be considere may

(7)&i '2 &iX&23,

1 2 and 3 refer to the nucleons, e23=6~—e3, an
the three Pauli spin matricescorn onents of e; are t e r

p-state spin functions 231 and 232 may e
terms of Xg.'

231——(12)-'"[1823+2121X8328jX2, 232= 331X2.

also be enerated from y2 ..The D-state functions may a s g

Dl= [(0'1' R)(21223' R2)+ (131'Rl) (3323' 1

—-'(~ ~ )(R2'+R1')lx2,
~ R , (9)D1——[(~1 R2) (~23 R2)—(~i R1) (~23.

—-'(~1 ~23) (R2' —R1')jx2,
D2=[(e1 R2)(3323 R1)+(er R1)(1823 R2)

—-'3 (881 3228) (R2 R1)jx2.

ea or —) means t a ethat the nucleon corresponding
h arenthesis has spin up (or

t t 1 spin component. of
t osition in the paren esi

in corn onents of —1/2. T e ou

or — means tnat t e nuc
neutron). The n's descri e e, w

'

3functions describe ~

5D,S2 2D—2S,)nl (5D—,S1—2D1S,)n27 f8,
4 1= [D2S.nl D1—S.n2]f1,

8= [(DP1+D1S'2)nl (D—S2 D1S1)n2jf8,
the ar ument of the real functions f; is

t te numbering of Sachs, 'd,h~;, .„d Th. --.l-as modi6ed by Gibson and c, is
ization integrals for the D states are

357r'
f 4$+3r, — 31/2

sir'
0,"P,d'r;= (3"'

jx'
f 2$+8r.— 31I28 i

f82R13dR,
0

f12R13dR,

f32R18dR.

(12)

The dominant S state has the form

6= (X2n1—Xln2) fl (13)

with the normalization

y,'R dR. (14)

~

~

4 )
a be written as in Eq. (22)The total wave function may

of Ref. 2:
15lp= plpl= N2n1 Sln2 &

t e summation is over states 13467,8 and the
g s ar —

' '
hich transform accordingu's are space-spin functions w ic rae,P considered are of the Irving-The functions f, S, consi ere

123t e e ~""/R"". The corresponding g
onential argument shown infunctions have the exponen ia

Eq. (25) of Ref. 3.

r Addison-Wesley PublishingR. G. Sachs, ENcleur Theo y (
brid e Massachusetts, 19,pp.~.b-- -.b. L. c.h--da different classi6cation of states s een giv

J. 3. Willis, Nucl. Phys. 32, 114 (1962).

IV. GENERAL STRUCTURE OF THE
MAGNETIC FORM FACTOR

The moment-density operator in the impulse approxi-
mation is taken to be

~M(r, r~) =2 [2 (1+r'*)~'*u.f-8"(r r'—
+2(1 r'*)~'*~-f .8—" r—r, (16)

ssumed that the nucleons contribute with-
out interference or distortion. e ~s
matrices an e p,d th 's are the static moments o t e
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exp(i q r)f*p~(r, r,)Pd'rd'r;. (17)

The integration over r is performed by changing varia-
bles from r to r—r;, which causes the nucleon form
factors F ~& and F ~"to appear as multiplying factors.
The isospin sums may be carried out and the resulting
expression reduced by means of the permutation table
in Eq. (1) to the form

Po ~so exP(ui'rl)

XL&u I *lu)+3&u I

+p„F „" exp(iq rg)L2&ug(og, (um)goP»,

=p+,o&(3F, +Fo )+2p„F,o"Fg, (18)

proton and neutron. The quantities f ~" and f „"are
the nucleon spatial distribution functions of the moment
densities about the centers of the nucleons.

In the impulse approximation there is no orbital-
angular-momentum term in the moment-density opera-
tor. The interacting nucleons are treated as free par-
ticles during the scattering process. As free particles
they make no orbital-angular-momentum contribution
to p; it contains only spin terms corresponding to the
free nucleons. 4 However, the presence of an orbital-
angular-momentum term in the q'=0 limit, where
internal binding is not ignored, has been noted by
several authors (for example, see Ref. 14). The con-
tribution of such a term to the static magnetic moments
of H' and He' is less than 2% for a D-state probability
of 6% (D' terms are the only ones considered in this
paper which would give a nonzero expectation value).
This is about one-third the D' contribution of the spin
terms contained in Eq. (16), because of the size of the
anomalous moments of the proton and neutron. Since
the D' contributions to the magnetic form factors for
this p are found to be of the order of the experimental
errors involved, this impulse approximation to the
moment-density operator is considered a valid one in
the region where electron-scattering data are available,
ij&if '.
The expectation value of p defined in Eq. (16) is to be
taken with respect to initial and final states which have
the same spin because the s axis is chosen as the spin-
quantization axis. If the x axis were chosen as the quan-
tization axis, a "spin Qip" between initial and final
states would occur. With the choice (16) for p„, the
momentum transfer q is restricted to lie in the plane
normal to the spin direction determined by cr;„ i.e., in
the x-y plane. If p were defined in terms of o,, (which
would correspond to a spin Hip between initial and 6nal
states in the scattering process), then q would be re-
stricted to the y-s plane.

The Fourier transform of the expectation value of the
moment-density operator is then

F.„= exp(iq rg){up~op, ~ug)d'»;,

Fg„——exp(iq. rg) &u,
~
o „~us)d'r;,

and &uq
~
o ~, ~ u&) indicates that a spin sum must still be

performed. For the purpose of this paper it is more
useful to express the form factor as» ~"Fi +QUIP ~'+pN ~")P2, (20)

where F~ and Fg are linear combinations of F, and
Fa

Pg =Fy —3F, , F2 =Fg +3F . (21)

These are the interesting combinations since their
effects are easily compared, to those of the P term and
the SS' cross term of Ref. 3.

Since F ~& and F ~" are normalized to unity,
Eq. (Ig) does not reduce to the correct staticmoment
p(He'). This is to be expected since, as noted. above, the
impulse approximation ignores binding and is not valid
for small q'. The difference can be ascribed to empiri-
cally determined isovector and isoscalar exchange
moments. Similar isovector and isoscalar terms are re-
quired in order to Gt the form-factor data for q'&0.
When the exchange terms are included, the complete
expression for the magnetic form factor of He' is

p(He3)P ~(He')=u~ ~"Fg

+(pP-."+»-~")F~-+F- P-, (22—)
where F„and F„are unnormalized isoscalar and iso-
vector magnetic-exchange form factors. The corre-
sponding expression for H' is obtained by replacing
He' by H', interchanging p and u, and changing the
sign of F
p(H' )P (EP) =p+ &Fg„

+ (pN "+prF ")F +P:+P . (23)

The magnetic form factors may also be written in
terms of the body form factors for the odd and like
nucleons

(26)

V. P-STATE CONTRIBUTION TO THE
MAGNETIC FORM FACTORS

As indicated. above, only the interference of the 'Py
states f& and f4 with f& should contribute significantly

p(He')F ~(He')=» ~"Fp
+2p+ oFr +P, P(24)—

p(H )F (H') =p+ Fo
+2@~ ~"Fz +F„+F

where the odd-nucleon magnetic-body form factor is

Fo =Fi +Fi =2Fg (25)

and the ljtke nucleon body form factor is

Fz, =-2Fs =p(3Fo +Fg ) .
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to the form factor. An analysis of F, and F'& quite similar

to that in Sec. VI of Ref. 2 shows that: the contribution
of Ps to the integrands vanishes identically; the con-

tributions of ps to each term is proportional to

(RiXRs)z&sfifs, (27)

so that the integration over the direction of R2 causes
both F, and Fo to vanish. Thus the sPy states ips and

P, do not contribute to the magnetic form factors
through interference with the dominant S state. The
same result holds if S& and S2 are replaced by the more

general Vj and V2.

VI. D-STATE CONTRIBUTIONS TO THE
MAGNETIC FORM FACTORS

The largest D-state contribution to the magnetic
form factors should be through interference with P&.

Since the spin product.

&xsl~i ~i/so ~xs) =0; s,j=z,y,z (28)

only Ii is nonzero. This implies that only the odd
nucleon contributes through this type of term. The mo-
mentum transfer q is taken to de6ne the x direction,
and the integrations are then carried out as in Ref. 2.
The resulting expression is

32 "R'dE
F.(S,D) =—y6H

9 z2

Xt2fsf~Jo(z) f~fi—J~(z)+4sfsf1Jo(z)], (29)

where z= 3—
&qR.

The D'- term is expected to give the next largest con-
tribution to the magnetic form factors. The integrations
and reductions involved are similar to those of the SD
term and the D' term of the charge form factor. The
results are

Qv3 "E."dR
D'ss(70Js —65-,'Js+108(9/35) Js—223(17/21) Js

24 p z'

+208-,' Jgo)+ fP (20Js—22s J4+ 21-,'Js)+ fs'(9-,'Js—11(11/15)Js+45 (33/35) Js—5 (13/21)Js

+21—',JM)+ fsf7(—11s J4+1 52( 8/3 5)Js 28(4/7) J—s)+fsfs( 40,'J4+6—8(6/-7) Js
—19(3/7)Js+ 17'~Jio)+frfs(—6 (2/15) J4+ 12 (12/35) Js —27 (11/21)Js)], (30)"R"dR

F,= — — — t fss(70Js 65 ss J4 6—7(26/35—)Js+23(16/21)J, 41,'J„)—-
24 p z2

+f7s (20J,—22-', J,—42ss J,)+fss (9-,'Js—11(11/15)J,+8 (16/35)Js—4 (5/9) J,
—26sJto)+ foe ( 11sJs+5—(17/35)Js+5 (5/7) Js)+fsfs (22J4—21 (11/35)Jo

+15ssJs+6ss Jro)+ fvfs(26(2/15) J4 12(12/35—)Js+16(10/21)Js)] (31)

From these expressions, one can verify that the in-
clusion of D states in the three-nucleon ground-state
wave function does decrease the static expectation value
of the moment-density operator, but only because of the
reduction in the allowed probability of the fully space-
symmetric S state.

VII. NUMERICAL RESULTS

As stated in Sec. III, functions f,(S,) of the form
eo"~s/Jf "~' were considere-d. The quahtative features of
the calculations were insensitive to the choice of
a=0,1,2. For this reason the numerical results' pre-
sented here are restricted to the case N=O (Irving
function). The integrals were done analytically, but the
resulting expressions were not very enlightening, so that
only the numerical evaluations are quoted.

First a re-analysis of the most recent form factor

I Computer time was supported by National Science Foundation
Grant No. NSF-GP948.

data' for He' and H' was carried out. A reasonable fj.t is
obtained if the S or mixed symmetry S state is in-
cluded in the analysis along with a typical T= 3/ 2 state,
which mayoccur in the He' wave function. It is assumed
that the percentages of states are: Ps 92%, Ps ——2%——,
PQ 6%, PT=3/2 0.25%. The 2% 5'-state probability
is based on the variational calculation of Blatt and
Delves, ' the electron-scattering calculation of GriRy
and oakes, " and the slow neutron-deuteron capture
calculation of Meister, Radha, and Schiff." The 6%
D-state probability was chosen as the lower limit of the
variational results for Pz = 2%. The 0.25% probability

'H. Collard, R, Hofstadter, E. B. Hughes, A. Johansson,
M. R. Yearean, R. B. Day, and R. T. Wagner, Phys. Rev. 138,
857 (1965}."J, M. Blatt and L. M. Delves, Phys. Rev. Letters 12, 544
(1964); estimates of 5' and D states by B. S. Bhakar and A. N.
Mitra I Phys. Rev. Letters 14, 143 (1965)j are somewhat smaller."T.A. GrifFy and R. J. Oakes, Phys. Rev. 135, 81161 (1964)."N. T. Meister, T. K. Radha, and L. I. SchiB, Phys. Rev.
Letters 12, 509 (1964); see also Ref. 19.
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Fg, F(S,S)+Fg,——(D,D),
F2,=F (S,S')+F2, (D,D),
F3.= (Pr-~(~/Ps )'"F(SS') .

(33)

Note that F(S,S') is-', of F, as dehned in Ref. 3 and that
F3, is the contribution of the T= ~3 state.

From Ref. 3, F (S,S) has the form

(1+2q'/9n') '"
so that under the assumption that Ii,h" is zero for
q'& 1 F ' "a graph of F~(q) ""versus q' (Fig. 1) gives
+8= 1.34 F—' where the plot has been corrected for the
92% probability of the dominant S state. This is a
shift in the right direction over u(C.E.)=1.27 F de-
termined by the bare-nucleon Coulomb-energy expres-
sion, since finite-size effects tend to reduce the bare-
nucleon value of the Coulomb energy. '

Using this value of ns, the curve LF,h(H') —
qF( eH') j

&(LF,q&j ' which eliminates the contribution of F(S,S)
and is therefore more sensitive to the D states, can be
Gtted to determine on. Under the assumption that Pg
f7, $8 have equal probabilities, a~ is found to be approxi-
mately vins. The largest D-state contribution comes

"K. Qkamoto, Phys. Letters (to be published); Q. %'erntz and
H. S. Valk )Phys. Rev. Letters 14, 910 {2965)j give a smaller
value but seem to overestimate the energy of the T=$ level.

'4R. G. Sachs, XNclear Theory {Addison-Wesley Publishing
Company, Inc., Cambridge, Massachusetts, 1953),pp. 245-252."E. Gerjuoy and J. Schwinger, Phys. Rev. 61, 138 (1942)."R. Hofstadter, in Sct'elce and IJNmawqty (Yearbook of the
"Znanie" Publishing House, Moscow, to be published).

for the T=3~'2 state is an upper-limit estimate by
()kamoto. "

The estimate of an exchange moment" of 0.27 nm"
is based on the assumption that there is only an iso-
vector contribution, in which case the exchange mo-
ments of H' and He' are equal and opposite. For such
a case the sum of the moments gives an estimate of
PD 3.8%%u——~ if only S and D states are assumed. At the
time this calculation was made, the energy variational
calculation" on H' had estimated Pn —4%,—which
would appear to substantiate the result. However, at
present, variational calculations" which give P~. of the
order of 2% (actually 1.6—2.7%) also give a PD of
7.5 down to 5.6%. Hence if Ps and Pn are taken to
be 2 and 6%, respectively, one can still produce the
correct p, (He') and p(H') by assuming both an isovector
and an isoscalar contribution to the moments.

Kith the above combination of states, it is possible
to fit the charge data without the inclusion of additional
unknown charge-exchange terms. The charge-form-
factor formulas may be summarized as follows:

2F,h(He') = (2F,g&+F,h")F„
+ (F,h" —F,g&) (Fg,+F3,), (32)

Fa, (H') = (F.e+2Fa ")Fi.+ (F.h"—Fa ")F2.,
where

2.6

202

R

F fs,s)

).8

) 4

Q2

FIG. 1. Straight-line plot of P(S,S) versus q'{f~). The data
have been corrected for Eq=0.92 and D-state effects. The size
parameter aq is 1.34 F '.

from the interference of fr and f„and the above
parameter nn is essentially unchanged if $6 is absent
from the ground state.

The magnetic-form-factor expressions, complete with
S' and T=~ terms, are' "
p(He')F ~(He')

=vN ~"Fi +QP w"+vJ' ~")Fs
+6 j' .g' )J' ~—")Fs +F*. F... —(34)

p(H')F ~(H')
pgPmaa Flm+ (pgPmae +psPmas )Fsm

+F +F
where

Fg =F(S,S)+Fg(S,D)+Fg (D)D),
F2 =F(S,S')+Fs(S,D)+F2 (D,D),
~3 =~ac

The D' contributions are almost negligible, being of the
same order of magnitude as the experimental errors, or
smaller. The SD interference term is smaller than ex-
pected because of the sign differences in the three terms.
If $6 were absent, which would affect the charge results
only to a slight degree, the SD interference effects could
be doubled; however, this would still not reduce the
calculated F, to zero. The largest contribution after
the S' term is from the T=-', state, since its amplitude
and not the probability enters the calculation and
since it contributes like the sum of the absolute values
of the moments and not their difference.

The isovector and isoscalar form factors which are
required to fit the experimental data are given in
Table I. They are similar in shape to those found by
Levinger and Srivastava, '~ as they should be, since the

'7 J. S. Levinger and S. K. Srivastava, Phys. Rev. 137, 3426
(2965).
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TAaLE I. Form factors. 3.0

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
8.0

0.30
0.17
0.09
0.04—0.010—0.009—0.008
0.010
0.008—0.012—0.005

0.016
0.021
0.019
0.039
0.046
0.042
0.038
0.013
0.004
0.008—0.003

Error'

0.097
0.061
0.043
0.028
0.020
0.015
0.013
0.008
0.013
0.009
0.004

2.6—

20 2

7
2

F{I,e)

a The statistical error given includes only errors in measurements of the
magnetic moment form factors of H~ and Helj.

I.8

major S and S' terms are included in that work. How-
ever they are smaller and fall ofF more rapidly. The iso-
vector form factor is essentially zero for g'& 2.5F '. The
isoscalar form factor is zero within the experimental
error except the region 2.5&q'&4.5. It was hoped that
the inclusion of D and T= 23 state eGects would reduce
F„to zero. But the D states do not aid in this; Ii„ is
closer to zero if P~ is reduced and P8 increased.

Thus it is possible to 6t the charge-form-factor data
with a wave function composed of a completely sym-
metric 5 state and a small admixture of 5', D, and
T= ~ states, without including additional parameters
in the form of isoscalar and isovector charge-exchange
form factors. "The choice of P8, P~, and P~ 3/2 fol a
good 6t to the data depends, of course, on the assump-

O.IO

0.08—

o.os—

l.4

0
0 2 6 8

q
2

Fjo. 3. Straight-line plot of F(S,S) versus q'(F~) for F,h"&0.

tion that F,~"(g)=0 for q'&1F-s. For this F,h", a sig-
nificant reduction in P~. must be accompanied by an
increase in P~ 3/2, or the it to the charge data in Fig. 2
is destroyed. If Pq."'+~Pg 3/2'/' is kept constant, the
charge results are unchanged.

In order to 6t the magnetic data with this same wave
function, empirical exchange terms are required. This is
not surprising in view of the long-known values of the
static magnetic moments. If P&. and P& 3/2 are varied
as indicated above, F, and F„become smaller if
Pp 3/2 is increased.

The 2% choice for Fs is considered an upper limit.
The slow neutron capture res,ction" H'(e, y)H' and its
inverse" H'(y, rs)H', as well as the inelastic electron
scattering, " are more compatable with Fs.(1%.The

Yl

x',

LL

~ 004-

4

0.02—

1

q2

g'(F )

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
8.0

F ass

0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.11

0.29
0.17
0.09
0.0/—0.005
O.Q07
0.004
0.020
0.016—0.004—0.001

TA.BLE II. Form factors.

0.042
0.054
0.050
0.068
0.073
O.Q66
0.060
0.036
0.022
0.023
0.007

Fro. 2. Plot of D;s(H') —F~(HeI)gt. s~j ' versus S'(F~). The
solid curve includes S', D, and T=$ state effects. The dashed
curve excludes the T=$ state contribution.

~s A. Q. Sarker, Phys. Rev. Letters 13, 375 (1964); Nuovo
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MAGNETIC MOMENT FORM FACTORS OF O' AND He'

P decay process" is in serious disagreement with any
admixture of states except T=-,'. But Pr ~~2 0——25.%
is also an upper limit. Reducing both I"q and Ez
can be accomplished without adding charge-exchange
terms if Ii,h" is assumed to be positive. Then Pg and
Ig 3/2 can be made to take most any combination of
values (consistent with the above upper limits) by the
proper choice of Ii,h". Consider F,h" to have the form
given in Table II (see Ref. 17); this is in some dis-
agreement with inelastic electron scattering from H'. A
plot of F~(q')-'I' versus q' (I'ig 3) then gives ns 1.3——2
F '. In this case the straight line does not pass within
the error brackets at q'= 8 F—'; this perhaps is because
of the smaller than expected value of F,h(EP) at this
point. Using this aq, the curve
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which eliminates F ($,$), is Gtted (Fig. 4) for an ——Vedas
and a choice of Ps.=0.6%%uo, Pr ~~2= 0.1%;Pn has been
kept at 6%%u0. The isoscalar and isovector exchange form
factors required to 6t the magnetic data with this wave
function are given in Table II. As remarked. above they
are larger than in the case in which F,h" is assumed to
be zero. If I'z 3/& is taken to be zero, the charge analysis
is essentially the same when Ps 0 65% ——Bot.h F„.and
F„are increased slightly ((10%) over their values in
Table II. Again a comparison with the exchange terms
of Levinger and Srivastava can be made only with
regard to the general shape because of the diferent
method used to account for the D-state eGects, which
changes the de6nitions of P, and Ii„.

In general, the e6ect of the D states on the form
factors is seen to be small. For the present experimental
errors involved, they can essentially be neglected in the
magnetic-form-factor calculations. In the charge-form
factors, the D states are important for low q' as can be

~I R. Blin-Stoyle, Phys. Rev. Letters 13, 55 (1964).
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I'ro. 4. Plot of X(q') versus q'(F~). The solid curve includes
S',D, and T=$ state e6ects. The dashed curve indudes only S'
and T=$ states. Points vrere computed using F,h"(q') given in
Table II.

seen in Fig. 4. This is as expected since the extended.
spatial distribution of the D states should be reflected
in the form factor at low q'.
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