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It is shown that for a system with strong correlations, the centroid of the spectroscop-
ic amplitudes for particle removal is given by the single-particle energy (defined appro-
priately) times the occupation probability of the orbit.

If a particle is removed from a system very
rapidly, or if the distorted-wave Born approx-
imation is expected to apply to the description
of the removal, then the states of the residual
system are expected to be excited with a strength
proportional to the spectroscopic factors K¥,la;
X |¥,) |12, Here |¥,) is the ground state of the
target, ¥, ) is the state of the residual system,
and a; is the destruction operator for a particle
in the orbit ;. The energy-weighted average of
the spectroscopic factors is a quantity of current
theoretical interest,! particularly with respect
to the interpretation of (p,2p) and (e, e’p) experi-
ments at high energies.

We assume we have a system whose dynamics
is governed by a Hamiltonian H containing two-
body forces. (We will use the notation where
£,j,k, - refer to occupied states, m,n,p, « -
to unoccupied states, and «, 8,7, * - - to either.)

Consider the operator defined through the re-
lation?!

Wi:{aiT, [H,ai]}, (1)

where the curly brackets mean an anticommuta-
tor. It is easily seen that

<‘1’o} WiI‘IJo>=En(En—Eo)‘<‘I’ﬂlai|‘I}o>|2
~2nE,=E)l(¥,la;, [ ¥p2,  (2)

where H W) =E V), HIV )=E, ¥ ). It is well
known that in the Hartree-Fock approximation
(T, W, ¥ )=¢€,, where €, is the Hartree-Fock
single-particle energy. In general the operator

W, is given by
W; =Gl +DasGalv]if) ya,Tag, 3)
where ¢ is a kinetic-energy operator and
Galvlip) = Galvlip) - Galv]gi).

It is clear that in a system with singular inter-
actions the ground-state expectation value of

W, is infinite and Eq. (2) is not useful. We can
trace this difficulty to the use of the anticommu-
tator. If we denote the correlated ground state
by I¥,), we note that the quantity (¥,I[H,a;]a,"
X|¥,) is the source of the divergence of (¥, W,
X|¥,). This is because we are introducing a
particle in orbit ¢ into the system in such a man-
ner that its correlations (due to the hard core)
with the other particles are absent. Thus we are
led to the consideration of the operator

Q;=a;"[H,a,], (4)
where, as before, we have
Ci= (%[99 =3, B, ~ E) (¥, la,[¥ )2 (5)

We may write, in general,

|8 =F|®)/(®,|FTF|®5)¥2, (6)
F=1+F(2) +F(3)+. <,

where F") is an n-body operator.
write F=¢®, with S=8®+8® +...
of 8™

(We may also
The neglect
n>2, is equivalent to the neglect of three-
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body and higher-order cluster effects in the theory of correlated systems.) Also,

_ ¥ 1 . _ ,
Qi~ZB)ti,Ba,- aB+zg(zﬁlvlzlyﬁ)AaiTaﬂTaéaV—Eti,aaﬁaﬁ+% 2 (aﬁlvm(’)lyﬁ)AaaTaﬁTaéay, (7)
B aByé

where we have introduced the quantity

v =1i(1)) G(Dlv,,.

(@)

The result for C; may be obtained using a cluster-expansion technique,?3

Ci =Ejti ,ij,i+ Z; (gj,h]_z(i),kl>Ayk,g'yl,j+ Y

&ikl
where

Yii =<‘I’ofaiTaj|‘I’o>,

©)

(10)

and the sum in Eq. (9) runs over the occupied orbits of /®,).* In Eq. (10),

(gilhy, PlRl) , = (@il U +F 1, 0, D U+ ) RD)

where f, is defined through the relation®?

F®=3%7 a,%a, mn|fy,lija;a;. (12)
mnij
It was shown previously? that it is appropriate
to identify I +f,, with the wave operator for the
Bethe-Goldstone equation, i.e., f,=—(Q/e)K,,.
Recalling the definition of v,,'?) we have®

(8jlny, D 1RD) = G |K kD) 43, , (13)
and
Ci =Ejti Y i +E <ij|Km|kl>A7k,i71,j R (14)

Jjkl
Further we will assume we are in the repre-
sentation in which y; ; is diagonal so that (14)
becomes, with y; ;=v;6;;and ¢; ;=(iltli),

C,':ti,,')’i +Ej<ij|K12!ij>A7in teee, (15)

Now we introduce the eigenvalue of the Brueck-
ner-Hartree-Fock equation as defined to include
occupation factors:®”

eiBHF=ti,i +Z;j<ileIij>ij’ (16)

so that finally®
C;=¢."y,. (17)

Note that in deriving Eq. (17) we have neglected
the effects of three-body cluster terms which
are expected to be small.

The quantity y; is the occupation probability of
the orbit / and is expected to have a value some-
where between 0.7 and 0.9 in the light of recent
studies of finite nuclei.” We also note the sum
rule,

2l ¥, la; ¥ P = (¥la;Ta;[¥ o) =v;. (18)
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(11)

| As the quantity y; may differ appreciably from

unity, these results should be important for un-
derstanding the spectroscopic centroid observed
in (p, 2p) and (e, e’p) experiments.

We should point out that the above result does
not apply for the slow (adiabatic) removal of a
particle, in which case we require a theory of
separation energies. One of us (C.M.S.) wishes
to acknowledge discussions with D. Koltun who
has also studied this problem.
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22 i | f 15T mnYomnls(1)G (D) v gy =0,
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since the unoccupied (m,%) orbitals are orthogonal to
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K. T. R. Davies and R. J. McCarthy, Phys. Rev. C 4,
81 (1971). This paper contains an extensive set of ref-
erences relating to Brueckner-Hartree-Fock calcula-
tions and to occupation factors. From this work we see
that the modification of the occupation probabilities due
to short-range correlations is only weakly orbit depen-
dent.

8We are assuming that the matrices v, ; and
€1 =t +Z:'<k]' [K125") ;1
Jod

may be simultaneously brought to diagonal form. The
exact result is C;=2J,€,Y,,i; in Ref. 3 it is shown that
the matrix product €y may be brought to diagonal form.
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The reaction ?C(N, ®Li)*’Ne was studied at 60 MeV and forward-angle reaction data to
states of 2’Ne were obtained. Different rotational bands were populated with different
strengths consistent with cluster transfer processes. The previously questioned struc-
ture of the K =0* bands starting near 7 MeV is discussed and a new classification for the

bands is proposed.

Studies of transfer reactions using heavy ions
have become increasingly of interest. In this Let-
ter, the eight-nucleon transfer reaction leading
to states in *°Ne is reported. This nucleus is of
special interest in the testing of many nuclear
structure models and has been the subject of a
great deal of study.?

The lower rotational bands of 2°Ne have been ex-
tensively studied. However, while the structure
of the K=0" bands starting near 7-MeV excitation
has been the subject of much theoretical interest,
little experimental data exist which provide evi-
dence in determining their characteristics.

Because of the expected collective nature of
these states they can best be investigated by clus-
ter transfer reactions. The o transfer reactions,
'%0(°Li,d)**Ne and %O ("Li, #}**Ne,® have provided
vital information about these states. These reac-
tions excite levels having four particles coupled
to an '°0 core. More complicated states such as
those having holes in the 1p shell are expected to
be excited by the transfer of eight nucleons to 2C,
Therefore, the reaction **C (N, °Li)?*°Ne was stud-
ied. A similar experiment has been recently re-
ported by Marquardt et al.,* but little analysis
was made by those authors.

A N°* beam was obtained from the Brookhaven
tandem facility using a direct-extraction negative-
ion source. The incident energy was 60.0 MeV,
and a beam of about 1 LA charge current was util-
ized. A nominal 20-pg/cm? natural carbon target
was used. The °Li spectra were obtained using a
conventional AE-E solid-state counter telescope
having an angular resolution of 0.5°. The particle
identification and energy calibration was checked
by observing recoil °Li from a °Li target. The
overall laboratory energy resolution was about
300 keV. Spectra were obtained at laboratory an-
gles of 11.0° 15.0° 20.0°, 25.0° 30.0°, and 40.0°.
The 20.0° spectrum is shown in Fig. 1 where the
peaks are identified by their excitation energies
and J"’s. An absolute cross-section scale accu-
rate to about a factor of two was determined; for
example, the center-of-mass cross section of the
1.63-MeV (27) level at 20.0° (see Fig. 1) was 11
pb/sr.

In the present reaction we expect the mechanism
to be dominantly a direct process. Experimental-
ly this assumption is supported by the observa-
tion of the smaller yield of "Li relative to °Li by
about a factor of ten,® while a ratio of the decay
strengths from the compound state in 2°Al is cal-
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