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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
" reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Ay

'To be submitted to PhysiesILetters%

UNIVERSITY OF CALIFORNIA

Lawrence Radlatlon Laboratory f'
Berkeley, Callfornla

AEC Contract No. w 7uos-eng us

PROTON NEUTRON TWO PARTICLE

EXCITED STATES OF (lg9/2 9+’ CONFIGURATION;

c. c. Lu, M s leman, and B. G. Harvey:

Aprll 1968

UCRL-18157

Preprint



-1- . . UCRL-18157

PROTON-NEUTRON TWO-PARTICLE
UTRON THO- .
EXCITED STATES OF (1 CONFIGURATION
(leg/a)g+

c. C. Lu, M. S. Zisman, and B. G Harvey

. Lawrence Radiation Laboratory
University of California
Berkeley, California

April 1968

ABSTRACT

52, 54,56 59

The (a,d) reaction on separated isotope targets Cr, Fe, ““Co,

58:60:69Ni, 650u, ana 000,08 o studied at 11,20,3k, and ko deg. (lab)

using a 50-MeV alphakparticle.beam from the Berkeley 88-inch-cyclotron.

Exc1ted states of the residual nucle1 with (ﬂ lg9/2,v lgg/2 9+ conflguratlon

'are suggested.

Prev1ous experlments w1th (ogd) reactlons in llght nuclel have shown

a preference for capturing the two partlcles in hlgh spin levels of (J)

conflguratlon.l’g The search has been extended to the medium mass region
using the 50-MeV alphe-particle beam of tne Berkeley'88-inch cyclotron.
The (o,d) and (Q,t) reactions were carried-out'simultaneously on
52 54,56Fe’ 58,60,62 . 59, 63 64,66,682n

separated isotope targets ~ Cr, Ni, ““Co, “Cu,

| o . , _ oy
at 14,20,34, and 40 deg. (lab) to search for levels of (lg9/2)9+ configuration.

Identification of the deutrons”andrtritons waS'accompliShed with a Goulding-

Landis particle identifier.3 Ekcitation energies-of the strongly populated

levels in the (a,d) reaction are given in Table 1. A typlcal energy spectrum :

. _is shown in Fig. 1. The resolutlon is about 170 keV
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Following the same method used in establishing the systematic trend

of the (1<315 /2)2 , configuration of the earlier (@,d) work? the -Q-value of {»\
‘formation of the most strongly excited levels, - 2 is plotted as a function )'

| . : : o
of AreSidual’ as showp in Fig. 2. The regula; monotonlcally-decrea51ng

nature of the points with increésing.A is the same as before. This indicates
that the levels chosen are probably of éimilar configuration, possibly

Sk 56

(lg9/2)§+. It was found, however, that in Mn and ~ Co it was nécéssary to
‘choose the second ﬁost strongly populated level in order‘to obtain a smoothly
varying fo XE'Aresidual plot. This'is not uhreasonable, since the (qgt)
spectra (see Fig. 3) shbw thatvlf7/2'single-particlé proton capture predominates
over the 1g9/2 singlé4particle capture in>these.nuclideé,vand thus we might
expect large cross sectio?s f&y levels wi?h the lf.T/2 proton cdnfiguration :
to appear in the (a,d) reaction ip addition tovthe-(lgg/2)§+ levels. In the
higher maés region the lg9/2tproton_éapture iS‘ﬁredominant énd here we find
that the most strongly populéted level should be chosen.

, 63 .

For the two §dd-A targeté%‘5900.énd‘ Cu, there are no strohgly
‘populated_lévels in the (a,d).speétfa. ThisAis cbnsistent with previous
résultSJ For a target with ground state spin J_ £0a mpltipiet of (2Jc+l)
 states can be formed from vector coupling Jc to thevtotél J of the captured
pair.',In the present case, the groundvstate-spins are 59CO(JC=7/2—)'énd
630u(JC=5/é-) and we expect thatrﬁhe éapture strength will be distributed
over many states in the mUltiplet. Tﬁis haé the effect of decreasing the

strength of the high-spin level relstive to the othef states made in the \f

‘reaction, and & single strongly-excited level is no longer observed.
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Due to the large angular momentum transfer in the (&,d) reaction

- we expect to populate levels w1th hlgh spin. In the medium mass reglon,

using a simple shell model plcture, we mlght expect levels with (lf5/2 547

2
A 1f5/2,v 1g9/2)7 s and (lg9/2 9+ conflguratlons to appear. The (lf5/2 5+

68
level should not appear strongly in the hlgh A reglon (e g Zn) where
we have a largely filled lf5/2 neutron shell. .Slnce the -Q Vs AreSldual
plot shows no dlscontlnulty at hlgher A, the (lg9/2 9+ or (ﬂ lf5/2,v lg9/2 7.
conflguratlon may be 1nd1cated
Conventlonalvshell model calculations were carried out te obtain the

residual interaction between thehcéptured proton—heutron pdir'in the

(lg9/2 9+ and (ﬂ lf5/2,v lg9/2)7’ conflguratlons The. potential used was

Vi = =52 exp(-0. 29221' ), u.E/VSE 1.6, vSO 0, Vpq = -1/2 Ve+ This is
the potential used by True in calculat1ng the o N spectrum except for

5

o’ which is the lower 11m1t estlmated by Redllch The harmonic oscillator

T
size parameter,-v, Whlch was estlmated.from v=(2n+£—1/2)/R2, isv0.205 fm

for (1 and 0.188 fm fo 1f 1 The c lcui ted residual
( 89/2 9+ T - (7T 5/2;\/ g a . a

9/2 7-°

1nteract10n matrix elements are:
2 B '
((1g9/2) J=9 |VA| (leg/p)" 9=9 ) = -1.9k Mev

( s 1f5/2,'v leg/ps I=T V| m gy o2V leg /2; 'J=7) = -1.31 MeV

" The above re51dual 1nteract10ns can also be calculated emplrlcally from the

single partlcle energles, the mass data, and the experlmental excltatlon-

' energles of the two-particle exc1ted states of these conflguratlons The

results are shown in Table 2. If the states listed in Table 1 are assigned
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a (lg9/2)§+ configuration, the experimehtal value of the residual interaction

is about -1 MeV. This is in fair agreement with the value calculated from

the shell model. However, the interaction between a lf5/2 proton and a

lg9/2 neutron would be about +0.7 MeV, repulSive, if the levels of Table 1

are assigned to the if v 1 configuration. This is in

ssigned to the (m 1555,V 169 )7 &

contradiction with the value ~1.31 MeV calculated from the shell model.
The contribution of Vg to the total interaction energy is small.

;n order for.the (m lf5/2,v lg9/2)7_ interaction to be repulsive, i.e.,

a positive value, an unreasonably_strong repulsive triplet-odd potential

(- > 18.4 V ) has to be used Hence, from the above arguments, the

states listed in Table 1 most llkely belong to the (lg9/2 9+ configuration.

Experlmental determlnatlon of the spin of these states in order to verlfy
this assignment will be of great 1nterest.
We would like to thank Dr "M. G. Redllch and. Dr W. W. True for

discussions concerning,shell-model calculations.
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Table I. High Spin (probably (1g9/2)§+),1évels.obsérved in the (&,d) reactions.
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Fingl
nucleus

Sk

56Co
58Co

6
OCu

'62Cu

Oy

66

68Ga

Ga |

’ 7OGa

Energy level
(MeV)

9. 47%0.05

19.92%0.03

- 6.7940,03 -

5.99tofd3
)+. 75i0.05

| h.5720.05

2.99%0.05

2.8840.03

2.8840.03

Q |
(Mgv)

;eo;ou
-19.85
-18.27
-18.58 |

-17.12:

'-16.60'

-16.00

215,40
-14.69
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Table II. Experimental residual interaction energies.

=3

: - — - ‘ } > _
Two-particle ‘Single particle states’ o E(lg9/2)9+ E(r lf5/2’v'lg9/2)7-
excited Assumed lg9/2 » Assumed proton states See note See note
states | neutron states _ lg9/2 . .lf5/2 l‘ L 1 2.
5AMn: 9.47 55Cr: 3.70 9/2+? 53Mn‘: (6.#)f . 4,08 - 1.6 : 0.79
p . v | 7 (centroid) ' | -
%o 8.92 pe. 3.80 9/2+b Peoi 6.01 9/2+f’g’h 3.58% -1.69 | 0.7k
8 _ L , ‘ v (centroid) : _
0 Co: 6:79 57Fe: 2.48 1=2° 2Tao: 460 9/2+h’f '2;87h : -l.22 0.51
‘o o . : e - (centroid) . - '
Cu: 5.99 59Ni? 3.07 9/2+ *2u 2-99.9/2+£’?_ 0.89 5/2-T'1 110 1.00
62 | 61N,f a . 61 £, £,1 -
Cu: 4.75 : i: 2.13 9/2+ Cu: 2.71°9/2+7°" - 0.99 5/2- -1.17 0.55 .
. : ] . ‘ ! , : , N
. 6 : . . _ _ :
6u'Cu: L4.57 5Ni;'l.?b -»650u: 2.51 9/2+J _ 0.97f - o =0.7 0.82
” R 6(centroid)_ » . - ' o , _
6 Ga: 2.99 _ : 5Zn: 1.0k 9/2+e _ 5Ga: 2.03 9/2+k?f 0.19 5/2-k’f -1.21 - 1 0.63
Bra: 2.88 ®Tyn: 0.64% Tga: 2205 0.38" : -1.09 037
_ (centroid) . : : _
©ga: 2,88 ¢§9Zn:ro.4u 9/2+% %a: 2.0 ot -0.71 0.72
* All the energies are in units of MeV.
rf Centrold position is used if the single particle strength does npt concentrate in one state.
Note 1: Experimental proton-neutron interaétion energy assuming two-particle state in the first column is 8
o o : _ ' =
(lg9/2)g+. Note 2: Experimental proton-neutron interaction energy assuming two-particle state in E
' ' ' : b, . . ¢ e f =
the first column is (7 1f5/2,v lg9/2)7_. ®Ref. 6 Ref. 7  "Ref. 8 dRef. 9 Ref. 10 Ref. 11 5

8per. 12 DPRer. 13 1Ref. 14 9Ref. 15 'Ref. 16




FIGURE.CAPTIONS -

Fig. 1. Deuteron enérgy specﬁrumifor the reaction 6uZn(a,d)66Ga at @(lab)
20 deg. with E(a)=50 MeV. | |
Fig. 2. Relationship between thé’maSs number A of the product nucleus and

the Q-value of formation of the levels (probably (lg9 /25 +) strongly

- populated by the (o,d) reactlon o ‘
B
2 Fe(a,t)5500 &t ®(lab)—

Fig. 3. Triton energy spectrum for_thegreaction

14 deg. with E()=50 MeV.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this

B report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment. or contract
with the Commission, or his employment with such contractor.








