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ABSTRACT 

A study of the (t,p) reaction on the two stable Ga isotopes has been 
performed. The reaction protons were analyzed in a Q3D spectrometer with a 
resulting energy resolution approximately 18 keV. Levels up to about 3 MeV 

71 73 
excitation energy in Ga and 2.75 MeV in Ga were measured with 11 new le
vels observed in the first case and 18 in the second. The angular distribu-72 74 tions have been compared to pure distributions observed in the ' Ge(t,p) 
reactions at the same energy and found to correspond mostly to pure angular 
momentum (L) transfer although mixing of L's is allowed. A number of new spins 
assignments aie made for Ga levels and the results are used to discuss the 

73 
spin of Zn . The striking splitting of the L=0 strength in three approxi-

6*s . 7 3 . . . 
mately equal components, observed in Ga, strongly supports a transition in 
nuclear deformation between H=40 and 42. 



I. INTRODUCTION 

The structure of the odd Ga isotopes has been experimentally studied 
1-4 . 5-7 

using 6 decay, Y spectroscopy and single particle transfer reactions 
These isotopes have only 3 protons outside the Z-28 closed shell and an even 
number of neutrons. They are therefore amenable to relatively simple theore-

o 
tical interpretation. As' an example, calculations . describing the negative 
parity levels by coupling a three proton cluster to the quadrupole vibra
tions of a doubly even core reproduce rather well the low energy part of the 
spectra for the . Ga, Ga and Ga isotopes. The spectra of the heavier iso
topes appear to have a somewhat different structure, the difference being 5-7 particularly striking in single proton transfer experiments . These isotopes 
have not been as thorougly studied experimentally as the lightest ones and, 
although no theoretical calculation is presently available for them, it appears 
that further experimental studies are in order. 

An important change in the nuclear structure of the Ge isotopes 
(Z«32) between N-40 and N»42 has been experimentally observed recently both 
in the occupation numbers of the P./oi P3/9 a n d ^5/2 P r o t o n orbitals-as mea
sured in the (d, Hi) reaction and in a comparison of the population of the \ov-

+ 9 
lying first excited 0 level in the (p,t) and (t,p) reactions . One of the 
main goals of the work described in the present paper was to look for a pos
sible similar change in the structure of the Ga isotopes between N-40 and 71 73 N»42, that is between Ga and Ga, using the (t,p) reaction. In addition, 

71 73 
although the Ga level scheme is relatively well known, the levels of Ga 3 7 were practically unknown except for a recent (d, He) study and the present 
results complement these data in a further understanding of this nucleus. 

II EXPERIMENTAL PROCEDURE AND RESULTS 

The experiment was performed with a beam of 17 MeV trices from the 
Los Alamos Scientific Laboratory FN tandem Van de Graaff accelerator. The tar7 
gets consisted of Ga,0, vacuum evaporated onto a thin carbon backing. The iso-

69 71 
topic enrichments were 99.75% for Ga and 99.8% for Ga. The areal density 
was of the order of 30 and 50 ug/cm for the * Ga targets respectively, as 
determined by elastic scattering at 30°, which was compared to an optical mo
del calculation using systematic optical model parameters . It was necessary 
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to use the Q3D spectrometer for this elastic scattering measurement, because 
of the presence in the targets of heavy contaminants (dominated by H). 

The reaction protons were analyzed by a Q3D type II magnetic spec
trometer operating at a solid angle of 14.3 msr and detected on the focal 
plane by a helical cathode position sensitive proportional counter of one 
meter length ' . Proton spectra were taken in 5° steps, from 15° to 60° 
scattering angle, and cover a range of excitation energy of % 3 MeV. 

Spectra of Ga(t,p)71Ga and 7lGa(t,p) Ga at 15° are shown in fi
gure i. The energy resolution is 18 keV (full width at half maximum), mainly 
due to the targets. Excitation energies for the observed levels of Ga and 
•73 

Ga are given in Tables 1 and 2, respectively. These energies were obtained 
by using known states populated in the • ' Ge(t,p) reactions to gene
rate a polynomial expression between radius of curvature and channel number. 
The error in excitation energies from this procedure is estimated to be ± 3 
keV up to an energy of 2.5 MeV and ± 6 to 10 keV above this. Tables 1 and 2 4 7 14 71 73 also present previously known results ' ' on Ga and Ga. There is good 
agreement in excitation energies between the various results. The present 

71 73 
work gives U new levels in Ga and 18 in Ga. The Tables also give (t,p) 
cross sections, summed between 15° and 60°. 

Ill ANALYSIS OF THE ANGULAR DISTRIBUTIONS 

The experimental angular distributions for the reaction Ga(t,p) 
Ga are compared in figures 2 to 6 to pure "standard" L- 0,2,3 or 4 angular 

13 70 72 distributions observed in the Ge(t,p) Ge reaction at the same incident 
energy. A similar comparison is shown in figures 7 to 10 for the experimental 

71 73 angular distributions of the reaction Ga(t,p) Ga and the pure "standard" 
13 72 74 

distributions observed in the Ge(t,p) Ge reaction. The empirical "stan
dard" reference shapes are shown as dotted lines in the figures. It appears 
that most of the measured angular distributions can be relatively easily 
classified as corresponding to a given L transfer and that there seems to be 
little mixing between the L values although for all levels with spin J> 1/2 
an incoherent mixture of two L values is permitted by angular momentum conser
vation. The L values determined in this way are given in Tables 1 and 2. Va
lues within parenthesis indicate a possible but dubious assignment. 
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The empirical comparison made between the Ga(t,p) and the Ge(t,p) 

angular distributions follows of course quite naturally from the fact that 

the two series of experiments have been performed under the same conditions 

(angles and incident energy) on targets with the same number of neutrons but 

differing in Z by one unit,and that the L values are known in many cases for 

the Ge reactions. However this comparison, and the resulting similarity ob

served for the shapes, convey the idea of an underlying weak coupling. He 

shall come back to this point later. 

IV SPECTROSCOPIC RESULTS 

IV.1. L»0 transitions 

Levels populated in the (t,p) reaction by an L » 0 transition have 

necessarily the same spin and parity as the target ground state. This permits 

us to confirm the previous assignment in Ga of J «3/2~ for the 509 keV le

vel and to fix the spin of the 1633 keV level (previously ^-3/2",l/2~) as 

^-3/2". The transition to the 910 keV level of 7 ,Ga (previously 3**3l2~ ,\tï~) 

has a forward peaked angular distribution but the position of the secondary 

maximum is different from that observed for the other L»0 transitions. Al

though the value J »3/2~ is very likely it cannot be assigned with certainty. 

In Ga, we confirm the suggested value J »(3/2 ) for the ground 

state and assign j"=3/2" to the levels at 219, 915, 1800 and 2109 keV. 

The total absolute integrated L-0 cross section in the Ga(t,p) Ga 

reaction is equal to 120 ±25% of the corresponding cross section in the 
70 72 13 
Ge(t,p) Ge reaction . (In order to make a meaningful comparison one has 

to integrate over the same angles as in the present work, 15° to 60° instead 
1 ̂  

of 10e to 60° in the original Ge paper . This is true for all cross section 
7j 73 

comparisons made in the present paper). The Ga(t,p) Ga total L=0 cross 

section is 75 ± 20/5 of that for the Ge(t,p) Ge reaction. The large errors 

quoted are due to the Ga target difficulties mentionned above. Taking this 

into account the total L=0 cross sections of the two Ga isotopes do not appear 

significantly different from that of the corresponding Ge isotopes. However, 

although the ground state cross section dominates the spectrum in the case of 

the Ga(t,p) Ga reaction, there is an important splitting of strength in 
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71 73 
the case of the Ga(t,p) Ga reaction. He shall come back to this point in 
detail in paragraph V. 

According to the preceding result we shall assume in the following 

paragraphs that the total L-0 strength is the same in the four reactions con

sidered ( ' Ga(t,p) and ' Ge(t,p) reactions) and the strengths correspon

ding to t-2,3 and 4 transfer shall be discussed in relative values, which are 

more accurately determined in each reaction than the absolute strengths. 

IV.2. Other transitions in Ga 

IV.2.a. L-2 transitions 

The total pure L-2 relative strength (L-2 total integrated cross sec

tion divided by the L-0 total integrated cross section) observed in the 

Ga(t,p) Ga reaction is (including the 1>(2) level at 1110 keV) % 53 % 

which compares well with the % 472 observed ~" in the Ge(t,p) Ge reaction. 

This strength is distributed over 11 levels in Ga, as compared to four 2 
72 72 

levels in Ge and the centroid is 1928 keV as compared to 1430 in . Ge. 
Moreover all the levels corresponding to L-2 transitions in Ga lie at an 

+ 72 
excitation energy above the 2, energy of Ge. This implies that the observed 

levels (with : 1/2"£ J < 7/2~) do not correspond to the weak coupling of the 

J -3/2~ ground state with the 2. excitation (one should observe four levels 
+ 72 + 

with a centroid equal to the 2. energy of Ge) or with all the 2 excita-
72 

tions of a Ge core (the centroids of the total L«2 strength should be the 

same). Rather there is a complicated mixing of the levels corresponding to 

2 B 3/2" with weak coupling levels of the type 2 +B5/2~ and 2 + H l/2~.and with 

levels corresponding to more complicated configurations (see for example ref .8). 

This mixing is further implied by the lack of any (2J+1) rule for the L-2 

states excited. For fairly collective 2 states such a rule has been obser

ved for (t,p) reactions in the A-110 region ai'hough in this work a lowering 

of thé L-2 ceatroid is observed as opposed to the raising noted ubove. In a 
en g. .£ 

recent work on the Ni(t,p) Ni reaction , no simple (2J+1) rule was obeyed 

either although a clear differentiation between core coupled states and par

ticle states could be made on the basis of Che purity of L transfer. In that 

case, as in the present case, the ground state spin of 3/2 permitted L 

mixing but core coupled multiplets tended to preserve their pure core L trans

fer with single particle states being substantially L mixed. Although in the 
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present case it is an odd proton rather than an odd neutron coupling, the 
rather pure L transfer of such states as the 965 (J =5/2~) and 1395 keV (J • 
7/2 ) levels are still suggesti- that their basic parentage lies in coupling 
to the quadrupole phonons. These levels also contain an appreciable part 
(about 25% for each level) of the total (t,p) strength expected for a weak 

+ 72 
coupling of a P,/2 P r°t° n hole with the 2, excitation of Ge,. 

Among the levels appreciably populated in (t,p) by an L-2 transfer, 
a few, such as the ones at 1395 keV, ^-(7/2"), and 1904 keV, ^-(7/2"), are 

3 
also strongly populated in the (d, He) reaction indicating an important sin
gle proton hole component. 

In summary no overall simple weak coupling pattern is apparent in 
the case of the L-2 transfers, although some levels seem to contain an appre
ciable component of such a type, and strong mixing appears to be the rule. 

IV.2.b. L«3 transitions 

The total L-3 relative strength (integrated total L-3 cross section 
'idee! b 

71, 
69 divided by the total L»0 cross section) of fy 12% observed in the Ga(t,p) 

Ga reaction (including the (L-3) levels at 1490 and 2932 keV) compares well 
13 70 72 with the % 38% observed in the Ge(t,p) Ge reaction. This strength is 

distributed over 8 positive parity levels (3/2 ( J ( 9/2+) as compared to two 
- 72 7? 
3 levels in Ge and the centroid is 2620 keV as compared to 2594 in Ge 

— 72 
(the dominant 3, of Ge lies at 2513 keV with 80% of the strength). The po
sitive parity levels therefore correspond more closely to the expectations 
from a weak coupling scheme and we shall discuss them in a little more detail 
than the negative parity ones. 

A 
Several positive parity levels have been observed by Zoller et al. 

in the 8 decay of Zn m which has a spin of 9/2 . The allowed nature of the P 
transitions permits us to limit spins to J «7/2 ,9/2 ,11/2 for the levels we 
observe at 2244, 2449 and 2723 keV. These levels being clearly populated in 
our experiment by an L-3 transfer are thus limited in spin to J =7/2 or 9/2 . 
Each of these levels contains an appreciable part (between 12.5 and 18%) of 
the total (t,p) strength expected from weak coupling of a p,._ hole with 
— 79 IT + J/* 
3, level of Ge. The y decay favors J -7/2 for the first two levels. 

the 
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The log ft value (6.5) for the 6 transition feeding the level we ob
serve in (t,p) at 2487 keV is a little higher than the generally adopted limit 
(6.4) for allowed transitions, but still suggests that the spin can be limited 
as for the levels at 2244 and 2449 keV, to J1,-7/2*,9/2+. 

The levels at 2551 and 2614 keV, populated by L«3 transfer in the 
(t,p) reaction, are not observed in the decay of Zn m. This suggests their 
spin values are limited to J,r-5/2+,3/2+. Their strengths are 18Z and 87. res-

72 -pectively of the Ce 3. strength, with 212 and 143! being expected from the 
(2J+1) rule for the 5/2 and 3/2 members of the multiplet. 

IV.2.c. L-4 transitions 

Due to the rathei structureless shape of the L-4 transfer and to the 
relatively large error bars, all the L-4 assignments in Ga are dubious. We 
shall therefore not discuss the corresponding energy levels. The total maxi
mum possible L-4 relative strength observed is % 22%, to be compared to % 38S 

72 in Ge. This shows clearly that an important part of the L-4 strength lies 
above 3 MeV in Ga. 

73 IV.3. Other transitions in Ga 

IV.3.a. L-2 transitions 

The total L-2 relative strength clearly 'Identified (including the 
weak and somewhat dubious transition to the 1117 keV level) in the Ga(t,p) 
73 
Ga reaction is % 72% which, although somewhat larger, is still in reaso

nable agreement with the S\> 62% observed in the /^Ge(t,p) / Ge reaction. This. 
73 + 

strength is distributed over 10 levels in Ga, as compared to six 2 levels 
in Ge, and the centroid is 1748 keV, as compared to 1830 keV in Ge. It 
should be remarked that, although as in the case of Ga a weak coupling des
cription does not seem apparent here, the levels at 498 keV (J «(5/2)~) 356 
keV (^=(7/2)") and 1117 keV (^-(1/2)") contain, each, between 70 and 30% of 
the (t,p) strength expected from the (2J+1) rule for a weak coupling between 
a p3/2 hole and the 2 level of Ge. This gjod agreement with the (2JH 1) rule 
and the fact that the shapes of the angular distributions are rather pure L=2 would support the phonon coupling argument. These levels are, however, also 
appreciably popula 
gle hole strength. 

3 
appreciably populated in the (d, He) reaction indicating non negligible sin-
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IV.3.b. L=3 transitions 

The total L=3 relative strength clearly identified in the Ga(t,p) 
73 13 
Ga reaction is % 11%, to be compared with the % 15Z observed in the 

72 74 
Ge(t,p) Ge reaction. This strength is distributed over two levels only in 

73 - 74 

Ga, as compared to one 3 level in Ge and the centroid is 2323 keV, as 

compared to 2539 keV in Ge. The two levels at 2067 and 2498 keV have there

fore 3/2* i 3ïïi9/2 ; their relatively large strength would favor a spin J -

7/2 or 9/2 based on a (r.J+1) weighting factor. Presumably other members of 

the octupole multiplet are found above 3 MeV. 
It should be noticed that the L-3 strength is about 4 times smaller 

73 71 

in Ga than in Ga. A similar tendancy has been observed in the Ge(t,p) data 

between N»40 and 42 and was associated with a possible increase in the defor

mation around N«42. 

IV.3.c. L=4 transitions 

71 73 
Some transitions in the Ga(t,p) Ga reaction have been classified 

as L«4. The total observed relative strength is % 10Z as compared to % 267» in 

the Ge(t,p) Ge reaction. This difference is probably due to a large part 
73 

of the L«4 strength lying above 2.75 MeV in Ga. 

IV.4. LE els unobserved or weakly populated in the (t,p) reaction 

The T. values and strengths for all relatively strongly excited le

vels observed in the (t,p) reaction have been discussed above. However a num

ber of levels observed in other experiments were not excited or only weakly 

populated in the (t,p) reaction. Some additional information may be deduced 

from this fact. 

It is apparent from the proton transfer reactions that a very stri

king change occurs in the behaviour of the two first J '1/2 levels, when 

going from Ga to Ga. In Ga the first j"*i/2~ level at 317 keV is 
3 3 5-7 

strongly fed both in the ( He,d) and in the (d, He) reactions . The second 

one at 1029 keV is rather weakly excited in these reactions and is generally 

interpreted as the 1/2 member of the (i P3/2),.,fl2 weak coupling multi-
7 1 IT Jl *• 

plet. In Ga the first J =l/2~ level at 383 keV is Weakly excited in the 
3 3 
( He,d) and (d, He) reactions whereas the second one at 1113 keV is strongly 



excited with about the same spectroscopic factors as observed for the Ga 
first J =1/2 level. The simplest hypothesis would then be to suppose an in
version of the two J =1/2 levels between Ga and Ga. However, if this was 
correct, the first J =1/2 level in Ga would have a dominant (TT p3/2) 3<,^ 
weak coupling character and should be strongly excited in the (t,p) reactiou. 
In fact the level is not even observed in this reaction. Consequently, if we 
consider as well established the nature of the 1029 keV level in Ga, the situa
tion in Ga appears more complex than a simple level crossing. In any case, 
it is clear that the first J «1/2 level at 388 keV in Ga is neither a sin-

— 3 + 
gle proton (or proton hole) level nor the 1/2 member of the (IT p3/2),f, H2 
multiplet. 

The allowed nature of the transition feeding the 2601 keV level ob
served by Zoller et al. in the 6 decay of zn (spin J =9/2 ) limits its 
spin to J1T=7/2+,9/2 ,ll/2+. Hie lack of excitation of this level in the (t,p) 

4 7T + 
reaction and the Y decay strongly favor a J =11/2 assignment for this level 

In the 7 2 , 7 4Ge(d, 3He) 7 1 , 7 3Ga reactions7 more than 852 of the total 
f,/, strength is observed in the first J =5/2 level. These levels at 487 keV 
in 7 1Ga and 198 keV in Ga are not populated in the (t,p) reaction, confir
ming their rather pure proton hole character. Similarly the main part of the 
gg/2 strength is observed in the first 9/2 state at 1495 keV in Ga and 
thi6 state is weakly populated in the (t,p) reaction. 

4 71 
Several known negative parity levels of Ga such as the 1107.5 keV 

first Jir=7/2" level and the 1498.7 keV, ^=5/2" or 772" level., appear as 
weakly populated both in the single particle transfer reactions and in the 
(t,j.) reaction and should therefore have a relatively complicated structure. 

V STRUCTURAL CHANGE BETWEEN N=40 AND 42 

71 73 
A very striking feature of the Ga(t,p) Ga reaction is the split

ting of the L=0 strength. In the Ga(t,p) Ga reaction the L=0 ground state 
to ground state transition dominates the spectrum, with more than 87% of the 

71 73 total observed L=0 strength. In the Ga(t,p) Ga reaction .the L=0 strength 
is split into 3 main components, the ground state to ground state transition 
representing only % 30% of the total L*0 strength. This splitting is very 
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18 151 153 
reminiscent of the effect observed between oo E u a n c* qn E u a s a r e s u l t °f 
the shape transition from spherical to deformed prolate between N=88 and N=90. 

73 The three dominant L=0 transfers into Ga total about 90% of the 
Ga ground state transition, when DWBA corrected, and thus strongly appear 

to be fragments of the pairing phonon present in the Ga(t,p) Ga ground 
state transition. This effect, as noted in the Eu isotopes, is due to a de
creased overlap between the shapes of initial and final nuclei and reflects 
a tendancy of the pairing phohon to preserve its total strength and energy 
centroid even though the ground state may be changing in binding energy. In 
the Eu case, the excited L-0 strength went to states with Nilsson orbitals 
originating from the shell model orbital of the target nucleus. 

If the structural chc-'ije observed in the Ga and Ge isotopes between 
N»40 and N=42 is similarly du£ to a shape transition, the shape of the J'3/2 

73 levels at 219 and 915 keV in Ga, strongly fed in the (t,p) reaction, would 
73 74 be different from that of the Ga and Ge ground states. Accordingly, these 

levels should be weakly populated in the Ge(d, He) Ga reaction . This is 
indeed the case as can be seen in Table 2. 

It should be remarked that the dramatic splitting of the L=0 strength 
71 73 just discussed for the Ga(t,p) Ga reaction is not observed in the case of 

75 73 the As(p,t) As reaction where 943! of the L»0 strength is found in the 
19 

ground state to ground state transition . Because in both cases the two nu
clei involved in the reaction have respectively 43 and 42 neutrons, this seems 
to imply that the structural change observed between N=40 and N-42 for the 
Ga (Z=31) and the Ge (Z*32) does not occur for the As (Z«33). 

VI SPIN OF 7 3Zn 

Four .Y rays of 216+2 , 49C+2 , 911±3 and I198±4 keV have been obser-
14 ved by Erdal et al. in coincidence with the 8 decay ci a T / 9»23.5±0.1 sec 

73 level of Zn, presumably the ground state. It is clear from Table 2 that the 
first three Y rays correspond to the ground state decay of the levels we ob
serve at 219, 498 and 915 keV in our (t,p) experiment and at 214, 495 and 912 

3 7 
keV in our (d, He) experiment . The weak 1198+4 keV Y ray could correspond to 
the-transition from the level observed at 2109 keV in (t,p) to the 915 keV 
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level. As already stated, the (t,p) experiment permits us to assign with cer

tainty the spin ^=3/2" to the ground state and to the levels at 219, 915 and 
73 3 

2109 keV in Ga and the (d, He) reaction limits the spin of the 498 keV le

vel to 3V=5/2~, (7/2)", with a clear preference for 5/2 . Therefore, only 
IT - - 73 

levels with J -3/2 and 5/2 are measurably populated in the 8 decay of Zn. 
73 

Although'the fraction of the (5 rs.ys going to the Ga is not 
g.s 

known, we may try to make a rough estimate of the log ft values. The ground 

state and the 219 keV levels both have j'-3/2~. Because the 6 maximum energy 

is very large (£„ > 4.7 MeV), i t is reasonable to assume about the same f ee-
p 

ding for the two levels. With this hypothesis and using the Y IaV intensities 
given by Erdal et al. (or estimated from the spectrum for the 1198 keV y 

20 
ray) we compute, using the nomogram of reference , 5.6< log ft< 6.2 for the 

5 levels populated. Even assuming a very large ^ feeding of tl>e J -3/2 

ground state as compared to the J =3/2 level at 219 keV (6 times larger ! ) , 

we would get a log ft of 5.4 for the ground state, still smaller than 6.4 

for the other J"-3/2~ levels and equal to 6.6 for the j"-(5/2)~ level at 498 

keV. It is therefore clear that the transitions from Zn to the J -3/2 le-
73 • • 73 

vels of Ga are allowed (AJ-0 or ±1, Tr..itf-+). Therefore the spin of Zn 
is limited to ,Iïï-l/2~,3/2~,5/2". The strong feeding of the ^«(5/2)" level 

ir — 73 
(log ft<6.6) eliminates the value J -1/2 and therefore the Zn spin is 

IT H 8 

either J -3/2 or J -5/2 . This result is somewhat surprising because, by 

looking at the systematics of the known level schemes of the odd Zn isotopes, 

a spin J -1/2 or 9/2 would normally be expected. It should however be re

called that a striking change of structure has been observed in the Ge and 

Ga isotopes between K-40 and 42 and that a similar change of structure be

tween Zn (N=41) and Zn (N-43) is not unlikely. 

VII CONCLUSIONS 

The angular distributions of the majority of states excited in 
71 73 

' Ga are characterized by single L-transfers although mixed L-transfers 

are allowed. This feature indicates that the (t,p) reaction on these odd nu

clei is predominantly described by particle-vibration coupling with the L 

transfer the same as the core states. Considerable mixing of the multiplets 

is evidenced by the large displacement of energy weighted centroids and the 
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general lack of agreement with the statistical weighting rules for weak cou
pling multiplets. In this regard, the even parity multiplets seem better des
cribed by weak coupling than the odd and this may be expected because of tht 
considerably fewer states of odd parity in the Ge core nuclei with resulting 
smaller mixing. 

The rapid change of distribution in L=0 strength between Ga and 
73 
Ga is evidence for a shape transition between N=40 and 42 as has been dis

cussed previously . The ground state transition in the Ga(t,p) Ga reaction 
is, within error limits, of the same order as the ground state transition in 
the Ge(t,p) Ge reaction as would be expected for a normal proton-neutron 
phonon interaction. However, considerable fragmentation of this same neutron 
phonon into three approximately equal states is seen to occur in the Ga(t,p) 
73 
Ga case. This behavior is characteristic of transitional nuclei and may be 

interpreted as due to a change in the ground state cc.ifigurations and binding 
energy induced by a change in the potential energy surface. The tendancy of 
the pairing phonon to preserve its intrinsic total strength and binding ener
gy in spite of ground state changes results in increased strength to excited 
states and a fractionization of such strength to underlying levels of the 
same spin and parity. 
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Figure captions 

Fig.l. Proton energy spectra of the Ga(t,p) Ga and Ga(t,p) Ga reac
tions at 15° lab. The numbers in top of the peaks refer to nuclear 

71 73 levels in respectively Ga and Ga (see Tables I and 2). 

69 71 Fig.2. Angular distributions of the Ga(t,p) Ga reaction showing a clear 
L-0 shape. The dotted curves «re mean "standard" experimental cur
ves for known transfer (here L=0) in the Ge(t,p) reactions (see 
paragraph III). 

Fig.3. Angular distributions of the Ga(t,p) Ga reaction showing a clear 
L-2 shape. Seo also caption for fig.2. 

Fig.4. Angular distributions of the Ga(t,p) Ga reaction showing a clear 
L»3 shape. See also caption for fig.2. 

eg 71 
Fig.5 and 6. Angular distributions of the Ga(t,p) Ga reaction with du

bious shapes. In some cases possible fit to "standard" shapes are 
shown ; the L value is then given within parentheses. 

71 73 Fig.7. Angular distributions of the Ga(t,p) Ga reaction showing a clear 
L"0 shape. See also caption for fig.2. 

71 73 Fig.8. Angular distributions of the Ga(t,p) Ga reaction showing a clear 
L«2 shape. See also caption for fig.2. 

71 73 
Fig.9. Angular distributions of the Ga(t,p) Ga reaction showing clear 

L-3 and L*4 shapes. See also caption for fig.2. 

71 73 Fig.10. Angular distributions of the Ga(t,p) Ga reaction wirh dubious 
shapes. See also caption for fig.5. 



Table I. Results for Ga 

a) Previous work (d, 3 He) react ion b ) Present work 

E x (keV) J* E x(keV) 9, C 2S j " c > E x(keV) L / " T da 
L dfi 
Ub/sr 

Level 
n° 

0 .0 3 /2" 0 .0 1 2.14 0 .0 0 3 /2" 1024 1 

389.9 1/2" 388 1 0.04 <3.5 

487 .3 5 / 2 " 487 3 1.14 

511.5 3 /2" 510 1 0.21 509 0 3 /2" 23 2 

910.3 3/2", (1/2") (910) <0.01 910 (0) 67.1 3 

964.7 5 /2" 964 3 0.2 965 2 96 4 

1107.5 7 /2" 

1109 1/2" 1113 1 0.39 1110 (2) 17.7 5 

13Î3.2 ( 5 / 2 , 7 / 2 ) " 1396 3 0.52 7/2"(5/2") 1395 2 96.4 6 

1493.8 9 /2* 1495 4 0.24 1490 (3) 12.3 7 

K98 .7 ( 5 / 2 , 7 / 2 ) " 

1631.5 3 / 2 " 0 / 2 - ) 1634 V.W 1633 0 3 /2" 129 8 

1719.7 (5 /2 - , 7/2") 1716 (2) 19.5 9 

1907 3 0.87 7/2"(5/2") 1904 

1937 

2 

(3) 

1/2" to 7 /2" 5 5 . 3 
23 .0 

10 

11 

2064.6 ( 1 / 2 . 3 / 2 ) " 2058 

2136 

2 

2 1/2" to 7/2" 

5 5 . 3 

77.9 

12 

13 

2190 5/2", (7/2") 2191 2 20 . 14 

2247.2 ( 7 / 2 ) * 2244 3 3 / 2 * to 9 /2* ' 44 15 

2294.5 ( 1 / 2 , 3 / 2 ) " 2295 58 .4 16 

(2320) ( 1 / 2 , 3 / 2 ) " 2327 (2) 31 17 

2396 2 1/2" t o 7 /2" ! 68.1 18 

2421 2 1/2" to 7 /2" 61 19 

2450.6 ( 7 / 2 ) * 2449 3 3 / 2 * t o 9 /2* 64.1 20 

2488 .3 (7 /2 ) 2487 

2529 

3 

(4) 

3 / 2 * to 9 /2* 108 

76 .8 

21 

22 

2551 3 3 / 2 * t o 9 / 2 * 63.5 23 

2614 
2658 

3 
2 

3 / 2 * to 9 /2* 

1/2" to 7 /2" 
27 .7 

31 .7 

24 

25 
2720.1 ( 7 / 2 , 9 / 2 ) * 2723 

2747 

3 
2 

3 / 2 * to 9 /2* 

1/2" to 7 /2" 

5 4 . 9 

39 .3 

26 

27 
2805.4 
2815.6 ( 7 / 2 ) * 2812 

2932 

29-74 

(4) 

(3) 
(4) 

92 

128 

104.5 

28 

29 
30 

**Ref.4 b )Ref.7 
Only if absolutely sure.more precise than given in column 2,or in contradiction with it 



Table 2. Results for Ga 

Previous 
work (d, He) reaction Present work 

Ey(keV) Ex(keV) «. C2S J* Ex(keV) L j* <0 y dO Level n° Ey(keV) 
ub/sr 

0.0 
198 

1 
3 

1.33 
1.87 

3/2",(1/2") 
5/2",(7/2") 

0.0 0 3/2" 264.3 1 

216 214 1 0.07 1/2", 3/2" 219 0 3/2" 248.4 2 
496 495 3 0.32 5/2",(7/2") 498 2 55.0 3 
911 912 1 0.04 3/2",(1/2") 915 0 3/2" 323.8 4 

952 3 0.5 7/2",(5/2") 956 2 77.2 5 
1112 1 0.43 1/2",(3/2") 1117 (2) 20.5 6 
1233 (4) (0.37) (9/2*) 1235 

1396 4 
< 3.7 
13.0 7 

1534 3 1.79 7/2",(5/2") 1528 
1578 

> 10 
18.2 

8 
9 

1620 3 7/2",(5/2") 1618 <6.3 10 
1700 2 1/2" to 7/2" 76.6 11 

1777 (3) 1771 2 1/2" to 7/2" 55.5 12 
1800 0 3/2" 13.9 13 
1925 2 1/2" to 7/2" 34.4 14 
1952 2 1/2" to 7/2" 68.7 15 
2001 2 1/2" to 7/2" 132 16 
2067 3 3/2* to 9/2* 38.6 17 
2109 0 

(+2) 3/2" 42.0 18 
2160 2 1/2" to 7/2" 26.4 .9 
2221 2 1/2" to 7/2" 46.5 20 
2277 
2380 
2411 
2467 

4 
4 
(2) 
(3) 

23.8 
55.2 
44.9 
35.2 

21 
22 
23 
24 

2498 3 3/2* to 9/2* 60.3 25 
2582 
2726 

2 
(2+4) 

1/2" to 7/2" 53.9 
112 

26 
27 

W . 1 4 DJRef.7 
Only it absolutely sure, more precise or in contradiction with the values 
given in colutm 5. 
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