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ping to the first excited state of **Cr (1=1, j=3)
is well reproduced, including the strong dip at
130°. Potentials using surface absorption in the
deuteron channel improve the cross-section fit
for the ground-state transition, but then the fit
to Ppr is quite poor.

This investigation has shown that it is possible
to obtain potentials which describe at the same
time the elastic scattering cross section and po-
larization as well as the reaction vector analyz-
ing power and proton polarization. The reasons
for the success of these particular optical-mod-
el potentials is not well understood. More work
needs to be done to determine the relationship be-
tween the optical-model parameters and proton-
polarization predictions.

The authors gratefully acknowledge the help of
J. Escudie and J. Faivre in the **Cr(p, d)**Cr ex-
periment. We would also like to thank Dr,

P. Kunz for supplying the computer program for
the DWBA calculations.

*Work supported in part by the U. S. Atomic Energy
Commission.

!, T. Butler, Phys. Rev. 80, 1095 (1950), and Proc.
Roy. Soc. (London), Ser. A 208, 559 (1951), and Phys.
Rev. 88, 685 (1952).

2For a summary of proton polarization measure-
ments and analyses see C. Glashausser and J. Thirion,
in Advances in Nuclear Physics, edited by M. Baran-
ger and E. Vogt (Plenum Press, Inc., New York, to be
published), Vol. 2.

3Since the analyzing powers of four different reac-
tions are to be discussed, a superscript and a sub-
script will be used. Subscripts d (deuteron) and p (pro-
ton) refer to the particle whose polarization either is
known or observed. Superscripts s and 7 specify
whether elastic scattering or reactions are under con-
sideration.

T. J. Yule and W. Haeberli, Nucl. Phys. A117, 1
(1968).

An exception is the ground-state ln= 3 transition in
40Ca(d, p) for which some similarity between calcula-
tion and experiment has been achieved by P. Schwandt
and W. Haeberli, Nucl. Phys. A123, 401 (1969); also
C. A. Pearson et al. have had success fitting these da-
ta and data for light elements using their weakly bound
projectile model (to be published).

83. M. Bang, C. A. Pearson, and L. C. Pocs, Nucl.
Phys. A100, 24 (1967).

's. T. Butler, R. G. L. Hewitt, B. H. J. McKellar,
and R. M. May, Ann. Phys. (N.Y.) 43, 288 (1967).

8G. H. Rawitscher, Phys. Rev. 163, 1223 (1967).

°R. Johnson, Nucl. Phys. A90, 289 (1967).

For a general demonstration of this relationship see,
e.g., L. C. Biedenharn, Nucl. Phys. 10, 620 (1959).

p T, Andrews, R. W. Clifft, L. L. Green, and J. F.
Sharpey-Shafer, Nucl. Phys. 56, 422 (1964).

LThe 53Cr(p,d)*Cr(g.s.) cross section is not shown
since it is equal to the 52Cr(d, p)**Cr(g.s.) cross sec-
tion to within a known constant (detailed balance). The
52Cr(d, p)%3Cr cross-section measurements are those
of J. L. Alty, L. L. Green, G. D. Jones, and J. F.
Sharpey-Shafer, Nucl. Phys. 86, 65 (1966).

13The University of Wisconsin search code SNOOPY
was used.

The University of Colorado code DWUCK (P. D.
Kunz, private communication, 1968) was used with fi-
nite-range and nonlocality corrections applied.

WHY DOES *Ni DECAY SO SLOWLY?*
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The decay of the doubly magic nucleus %Ni to the lowest 1 state of %Co proceeds
about a hundred times slower than the shell model predicts. The explanation is that the
lowest 1t state of %Co is mostly a two-particle, two-hole state. The giant spin-isospin

resonance lies at a higher energy.

The ground state of the doubly magic nucleus *®Ni decays by K capture to the lowest 1* state of %¢Co,
which has an excitation energy of 1.72 MeV. The transition rate is characterized by a log,,ft which is!
about 5—not a usual value for an allowed Gamow-Teller transition.

We first point out that a shell-model calculation of this decay gives a unique answer provided the fol-
lowing assumptions are made: (a) %Ni is a doubly closed shell. (b) The lowest 17 state of %Co is a

one-particle, one-hole (1p-1h) state.

The only 1p-1h state with spin 1 is [f,,, " (m)f,,,(v)].

This state can be called the giant spin-isospin

state, since precisely this state results when one operates with the Gamow-Teller operator, 24i0it+4,

958



VoLUME 22, NUMBER 18 PHYSICAL REVIEW LETTERS 5 May 1969

upon the shell-model ground state of *Ni. Rarely can a giant resonance state be described as a sim-
ple j-j coupling state. Thus, the unique initial and final states yield
2=
MGT 96/7,
which gives a log,,ft of 2.5. The MGTZ is so large (it is only 3 for a free neutron) because there are
eight f,,, protons, each of which can be changed into an f;,, neutron.

Since there is such a large discrepancy, one or both of the above assumptions must be wrong. One
can test whether they are slightly wrong by improving the initial and final states using first-order per-
turbation theory. Thus, 2p-2h components will be admixed in both *¢Ni and *Co wave functions, but
the result will only depend on the *®Ni admixture since the Op-Oh component of the **Ni ground state
cannot decay to the 2p-2h component of ®Co. The %Ni wave function is

0+ 56__. -1, =171,7T
Ny =IO+ T o, TS, f ) ATAY
1 T 2 2
ATA

f )IATA]OO

5 ) +other configurations,
2
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where

- z InTy IAT4
b(lATA) [(21A+1)(2TA+1)] <(fgf%) ((V/AE)!(f%f%) )

and AE ~-12 MeV is minus twice the f;,,-f,,, single-particle splitting. We find
MGT2 =(96/7)[1+0.0835(0, 1)-0.240b (1, 0) +0.163b(2, 1)-0.286b (3, 0) + 0.145b (4, 1)~0.174b (5, 0) 2.

Using the two-body matrix elements of Kuo and Brown? we find that all terms contribute coherently,
but even so the correction is not very large,
2= 2
Mo =(96/7)[1.0-0.17,
which yields a log,,f! of 2.68. The discrepancy remains.

The next step, and this proves to be the most fruitful, is to diagonalize the two-body Hamiltonian in
the space of Op-Oh and 2p-2h for *Ni and 1p-1h and 2p-2h for %Co. The single-particle energies used
were €f7/2=0, €p3/2=4.85, €forn 5.63, and 1" 5.97. €D sy~ Fr/p WAS obtained by averaging the pro-
ton single-particle energy (determined from the binding energies of *Ni, *Cu, and **Co) and the neu-
tron single-particle energy (determined from the binding energies of *Ni, 5'Ni, and 5Ni). The re-
maining single-particle energies were determined from the spectrum of ¥Ni. Our single-particle en-
ergies are much larger than those used by Wong and Davies,® and consequently we get much more con-
servative, but in our opinion more meaningful, results. The Kuo-Brown? matrix elements for *°Ca
(not %Ni) were used.

The *Ni ground state obtained by matrix diagonalization is quite close to the perturbation theory re-
sult, with the amount of 2p-2h admixture being 26 %.

The big change was in *Co where it is found that the lowest 1* state was not the 1p-1h state but
rather was an almost pure 2p-2h state. It came at 1.27 MeV while six other 2p-2h 17 states inter-

vened before the giant spin-isospin state appeared at 3.80 MeV. The wave function of this lowest state
is

1+(56 -2J=0,T=1

Col=0.016f,,, " (n)f, ,(v) + 0.71(F, ;" 2) J=1,T=0

[y (Parabyss)

-2J=0,T=1,, 2J=1,7=0 -2J=0,T=1

_0‘46(f7/2 ) (palz) +032(7(7/2 ) le,T:O+"

(pslzfs/z)
This state is close to a spin-1 pairing vibration state. The corresponding log,,f? is 5.8, and it is due

almost entirely to decay to the giant spin-isospin part of this 1% state in %Co.
This result has been anticipated by several authors. The people who did the K-capture experiment!
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also did a 1p-1h calculation and found that of

the six spin states that could be formed from
[f2/a~(m)F5(»)], the “outside ones” J=17 and J

= 6% lay the highest. Thus, one could not asso-
ciate the 1.72-MeV state with this configuration
without having a second J=2%, 3%, 4% and 5%
multiplet at a lower energy {the first such multi-
plet is [ f,/,(m)p4/,(v)] which includes the ground
state of *®Co}. This second multiplet below 1.72
MeV has not been observed. Also, Vervier* con-
cluded that this state should have less than 1% of
the [ f,,,~1(m)fs,,(¥)] configuration to be consistent
with the °®Ni decay.

Two-nucleon transfer data also suggest that
this state is basically 2p-2h. We refer to the
work of Laget and Gastebois,® who performed the
%Fe(°He, p)**Co and *Ni(d, @)*®Co experiments.
In the first reaction the 1% state is seen very
strongly. This agrees with the presence of a
large component on the wave function of the form

- —-1J= =
|[(f7/2 1f7/2 1) O’T !

2J=1,T=0

x (P%) j=0,t=1

| ).

This is because the ground state of *Fe can be
viewed as [[ f,,,~ 1 (@)f,,,~1(x)]7 = 0). In addition,
in a two-nucleon transfer reaction there is a

large enhancement when the two nucleons go into
the p shell as compared with the f shell. The 17
state is not seen so strongly in the second reac-
tion which, presumably, is sensitive to admix-
tures such as

J=1,T=0p27=0,T=1j=1,¢=1

|[(f7/2f7/2) (Pz) >
In the calculated wave function of the lowest lying
17 state in %%Co, these terms make little contri-
bution.

The strong hindrance of the Gamow -Teller
transitions appears to be a global property, not
confined to *¢Ni. Many examples have been found
and studied in heavier nuclei.®
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An analysis of the nuclear-active particle component of extensive air showers has
yielded evidence that the chemical composition of primary cosmic rays at 10%% eV can-
not consist solely of protons or solely of very heavy nuclei. The data are consistent
with the mixed composition observed at lower energy (~101 ev).

The chemical composition of primary cosmic
rays of energy greater than 10'* eV is of astro-
physical interest and must be determined indi-
rectly from extensive air showers (EAS) because
of the small flux of these primaries incident on
the earth’s atmosphere. In an earlier work®
(hereafter [I]) we demonstrated a strong theoreti-
cal relationship between the composition of pri-
maries at these energies and the extent of fluctu-
ations in the total energy of the nuclear-active
component of the associated EAS. In the present
communication, we use this result and data from
a large-area nuclear-active particle (n.a.p.) de-
tector of the Bolivian Air Shower Joint Experi-
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ment (BASJE) to derive information about the
composition of primaries at 10'% eV.

At energies up to 10" eV the chemical composi-
tion of the primaries has been determined from
balloon-borne emulsions to be approximately 49%
H, 26% He, 2% Li+Be +B, 11% medium Z (6 <Z
<9), 5% heavies (10<Z <19), and 7% very heav-
ies (Z = 20).%2 The Soviet satellites Proton 1 and
Proton 2 have recorded data which suggest that
the proton component of the primaries is de-
creasing rapidly above 102 eV.® Above 10 eV
the composition is not well known although sever-
al groups*™!° have drawn conclusions from con-
siderations of the n.a.p., Cherenkov light, and



