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sign). UsiIlg 't1118 value of P to deterInine tile R11R-

lyzing power e of the polarimeter, one can. then
measure R and A. In particular, say,

Rlld 81Ilce AIJo 0 wl't11 hAoo/AIJD= 1, tile 5% ull-
certainty in hp„/p, and he/a contributes only a
small amount to the first determination of R,»,
and &,„~,. Using P' =1 —R' -&' determines P
with only a small uncertainty which, in turn, cen
be used to determine the original value of p =0.9
with a smaller uncertainty than before. A second
iteration of the calculation then arrives at a pre-
cise determination of P.

It is a pleasure to acknowledge helpful discus-
sions with John L. Gammel about quadratic rela-
tions.

~Work performed under the auspices of the U. S.
Atomic Energy Commisssion.
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We have studied the (p, t} reaction on O and Ca at EI, =41.7 MeV. The observed yields
to the 0+, I,' =0 states in 0 and Ca are at variance with distorted-wave Born-appx'oxi-
mation predictions using the coexistence model to describe the initial and final states of
the targets. By use of wave functions which employ a more extensive set of configux'ations,
satisfactory agreement with the observed yields is achieved for the reaction ' O(p, t) ItO.

The inclusion ' ' of deformed multiparticle-
multihole configurations into the set used to gen-
erate the low-lying states near doubly magic nu-
clei has led to spectacularly successful results.
This Ansatz, often texmed the coexistence model,
produces acceptable energy spectra and gives
good agreement with observed electric quadrupole
transition retes. For example, in Ca, the calcu-
lation of Gerace and Greens'~ reproduces the bven-
ty or so levels below 7 MeV and properly accounts

for more than twenty B(E2) values. ' In "0there
is not such a large body of data but the model
again seems quite successful.

In this Letter we wish to point. out that this coex-
istence model fails to describe the results of two-
neutron pickup experiments on the "doubly magic"-
plus-two-neutron targets 180 and ~~Ca. In the co-
existence model these targets are described as
superpositions of spherical two-particle and de-
formed four-particle, two-hole (4p-2h) states.
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FIG. 1. The differential cross sections measured for
the reaction O(p, t)~60 at &&=41.7 MeV to &=O, T'=0
final states. The solid line shown with each set of data
points is the angular distribution calculated using the
distorted-wave Born approximation with form factors
obtained from the results of Ref. 12.

We will confine detailed discussion in this Letter
to the two-neutron pickup yields to J =0+, T =0
final states in "0and "Ca. Although both the
reactions "0(p, t)"0 and 4'Ca(P, t)"Ca have been
studied previously by other researchers, it is
felt that either the bombarding energy used was
too low' or the energy resolution insufficient''
to determine a reliable yield to all the levels of
1Ilte I'est.

The 41.7-MeV proton beam of the Princeton
University azimuthally-varying-field cyelotx on
was used to bombard an isotopically enriched
(99%) "0confined in a gas cell. The target was
operated at 100 mm pressure with 1-mg/cm'
Kapton windows. A silicon surface-barrier solid-
state detector telescope was used to determine
the scattered-particle type and kinetic energy.
The energy resolution of the detected tritons was
60 keV, principally due to straggling in the win-
dows and kinematic broadening due to the ex-
tended target. This resolution was not adequate
to separate completely the relatively small yield
to the 6.05-MeV 0+ level from that to the strongly
excited 3 state at 6.13 MeV. A peak-fitting rou-
tine AU~O&IT~o was used to extract the yields and
the degree of success may be judged by the char-
acteristic I.= 0 angular distribution extracted for
the 6.05-MeV level as is shown in Fig. 1. Alto-

gether six L, = 0 yields were extracted correspond-
ing to states in ~60 at 0.00, 6.05, 11.26, 12.05,
16.33, and 22.72 MeV. The lowest four states,
whose angular distx'ibution are shown as points
in Fig. 1, are certainly T = 0. The yield observed
corresponding to 22.72 MeV is to the lowest 0',
T = 2 level. The isospin assignment to the 16.33-
MeV level is as yet uncertain and hence mill not
be included in our discussion. The relative cross
sections of the lowest four O', T =0 levels are
listed in the last column of Table I as determined
by integrating the observed cross section over
the angular range shown in Fig. 1.

The "Ca(p, t)"Ca measurement was carried
out using a 41,7-MeV proton beam to bombard
an approximately 200-pg/cma, isotopically en-
riched (95%) "Ca target. The target was pre-
pared by vacuum evaporation onto a thin Form-
var backing and transferred in caeno into the
scattering chamber. The energy resolution for
the scattered tritons was of the order of 32 keV
with several sources contI ibuting equally. In
this experiment four I = 0 angular distributions
are observed that axe attributable to the reaction
42Ca(P, t)"Ca. They correspond to levels in"Ca
at 0.000, 3.357, 9.386, and 11.970 MeV. The low-
est bvo levels are T = 0 while the latter two are
T =1 and T = 2, respectively. There are other
known T =0, 0+ states in ~Ca at 5.21 and 7.30
MeV. The 5.20-MeV level is obsexved to have
such small yield that no angular distribution
could be obtained fox it. Figure 2 shows the ob-
served angular distxibutions, and the last column
of Table I lists the x'elative integrated CI'oss sec-
tions.

The third column of Table I shows the predicted
amplitudes of various theories for the pickup of
pairs of neutrons coupled to zero, leading to spe-
cific final states. The first two blocks present
the results for J = 0 pickup on ~ 0 and 4 Ca ob-
tained with the wave functions generated within
the framework of the "coexistence" model. The
pickup from the deformed components of the wave
functions is calculated by projecting out the am-
plitude of pairs of neutrons coupled to 0+. Be-
cause of the restricted basis employed in the
coexistence model, interference between particle
and hole pairs is necessarily destructive in tran-
sitions to excited 0+ states. Using standard
distox'ted-wave Born-approximation procedures
and generating the form factors by binding each
of the picked up neutxons at one-half the separa-
tion energy, we obtain the relative cross sec-
tions shown in column 4 of Table I. The agree-
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TABLE I. Comparison of observed relative {p,t), L =0 yields to the predictions of the coexistence and the 2'pM
models.

Model enex'gy leve1 PxeCictecL rel.
(domknmit configuration) Pickup mplitMes f'or I nj ] cross section

obsenred.
ExperiItient;81 rel.
cross section

0.00 NeV

6.05 NeV

11.26 NeV
cL

0.00 NeV (Op-oh)

6.07 NeV (4p-4h)

11.26 NeV (2p-2h)

t~aqy23 I:~s&y 3 L~v~y, l
2 2 2

-o.666 -0.4)I5 .25o

0.129 o.082 .654

155

100.

o.76

100.

7.7$+.Q

2.61+.4

0.00 NeV

3.P5 NeV

5.20 NeV

7.30 NeV

"o (~, ~) '6o

0.00 NeV (Qp-Oh)

3.5o Nev (4y-4h)

5.10 MeV (Bp-Bh)

7.2O NeV (2p-2h)

[1P~l ] [2p
g

J [1d.
g ]

-0.801 -0.187 0.169

-0, 14o -o.o25 -0.399

0.183 0.016 -0.190

100 100

0.00 NeV

6.05 NeV

11.26 NeV

12.05 NeV

'See Refs. 1 and 2.
"See Befs. 3 and 4.
cSee Bef. 12.

O. OO NeV (Op-Oh)

f'11~) 1 [28~( ] [lyly ]2 0 2 O 0

-o.858 -.396 .314 100

6.194- Nev (4y-4h) -0.094 -0.015

10.679 NeV (2p-2h, 4p-hh) -O. OOB -O.O51

7.74+.4

2.61+.4

12.480 NeV (2p-2h, 4p-4h) 0.012 0.022 -0.192 1.09 2e 12—eQ

dThe 11.26-MeV level in ~60 is believed to be 0+ and
has been chosen by the authors of Refs. 1 and 2 as the
0+ "2p-2h state." It is possible that this broad state is
not 0+; however, even if it is not, the conclusions
reached in the present article mQ1 stand-.

ment with experiment ls vex'y poox' pa, l tlcula, x'ly
with respect to the yield to the first excited 0+

states. FUrthermore, the calculated angular dis-
tributions for the excited 0+ states obtained using
these wave functions are in poor agreement with
the data because of the destructive interference
of pax ticle and hole pickup.

The last set of predictions shown at the bottom
of Table I are those of Zuker, Buck, and MeGro-
ry" (ZBM) for "O(p, t)"O. They employ a much
less restrictive base than is employed in the
coexistence model as they close the g~, shell at
A=Z= 6 and allow the nucleons above this number
to be in the 1p,ya, 1d,ga, or soya orbits. Hence

[d,~,'p, ~,'jr=" become possible for "O. In fact
the components of such configuration appear with
sizable amplitude (&0.1) in the "0ground state.
Employing this larger basis in calculating the
pickup amplitude does not require destructive in-
terfex'ence between pa, rticle and hole amplitudes,

and in fact these amplitudes are cohexent for the
four lowest 0+ states. The angular distributions
generated with the ZBM wave functions are shown
in Fig. I as solid lines and are readily seen to
reproduce the data quite well. The prediction of
the relative magnitudes is shown in the next to
last column of Table I, and contrary to the re-
sults obtained with the coexistence model the rel-
ative magnitudes are well reproduced. This ex-
tended shell-model approach has been started"
in the 40Ca region, but final results axe not yet
available. It should be most interesting to com-
pare the results obtained here to these fortheom-
lng px'edletlons.

A few comments seexQ ln order at this po1nt.
It is not yet cleax' just which of the additional de-
grees of freedom make the ZBM calculation su-
perior to the coexistence-model calculation with
regax'd to two-nucleon pickup. As mentioned
above, in addition to the configurations employed
in the coexistence model, the ZBM calculation
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FIG. 2. The differential cross section measured for
the reaction 4~Ca(p, t)4~Ca at E& ——41.7 MeV to J=O, T =0
final states. The yield to 0+ state at 5.212 MeV is not
shown as only lower limits (& 1 p, b/sr) could be extract-
ed.

hss large [4p 2h ] and [6pr 4h 0]r
amplitudes. These should overlap well with [2p-
2h] rp rh ' and [4pr 0, 4hr '] components in the
final states. The complexity of the ZBM wave
functions (e.g. , 32 components in the 0" ground
state) makes direct comparison with the coexis-
tence model difficult; however, we plan to inves-
tigate this matter further. It is tempting to as-
cribe the difference in the two results to the pres-
ence of higher isospin couplings in the ZBM cal-
culation as these configurations may be added to

the coexistence model without their having a
strong effect on the E2 transition rates which are
so well described by the physically attractive co-
existence model.

We are grateful to Dr. J. B. Mcorory for sup-
plying us with the two-particle transfer ampli-
tudes for the ZBM wave functions.

*Work supported in part by the U. S. Atomic Energy
Commission, the National Science Foundation, and the
Higgins Scientific Trust Fund.

)Present address: Physics Department, University
of Washington, Seattle, Wash. 98105.

)Present address: Argonne National Laboratory,
Argonne, Ill. 60439.

~G. E. Brown, in International Conference on Nuclear
Physics, PaH s, &964, Proceedings, edited by P. Gu-

genberger (Centre National de la Recherche Scientifique,
Paris, France, 1964).

G. E. Brown and A. M. Green, Nucl. Phys. 85, 87
(1966).

W. J. Gerace and A. M. Green, Nucl. Phys. A98,
110 (1967).

4W. J. Gerace and A. M. Green, Nucl. Phys. A123,
241 (1968).

J. B. MacDonald, D. H. Wilkinson, and D. E.
Alburger, Phys. Rev. C 3, 219 (1971}.

6S. M. Smith and A. M. Bernstein, Nucl. Phys. A125,
339 (1969).

D. G. Fleming, M. Blann, H. W. Fulbright, and J.A.
Robbins, Bull. Amer. Phys. Soc. 13, 36 (1968).

J. P. Schapira, M. Chabre, Y. Dupont, and P. Mar-
tin, Phys. Rev. C 5, 1593 (1972).

J. Cerny, R. H. Pehl, and G. T. Garvey, Phys. Lett.
12, 234 (1964).
'~J. R. Comfort, ANL Physics Division Informal Re-

port No. PHY-1970B, 1970 (unpublished).
N. K. Glendenning, Phys. Rev. 137, B102 (1965).

~ A. P. Zuker, B. Buck, and J.B. McGrory, Phys.
Rev. Lett. 21, 38 (1968), and BNL Report No. 14085,
1969 (unpublished).

~~A. P. Zuker, in Proceedings of the Topical Confer
ence on the Structure of If&I& Nuclei, edited by R. A.
Ricci (Editrice Compositori, Bologna, Italy, 1971}.

886


