
NEUTRON RICH 75Ga ANV 79M 

ISOTOPES VIA THi la,f>) 
REACTION 

G.Rotband, M. Ve.'cgnei, 

G.ZoX'u.zfi-Rcnbln and 

J . VeAiwtLc 

lPNO-PhN-79-22 

u n i i e l s i l e p a r i s s u d 
I N S T I T U T DE P H Y S J Q U E N U C L E A I R E 
BP N°-1 91406 - ORSAY TEL. 941.51.10, 
l a b o r a t o i r e a s s q ^ i é à I ' l'N 2 P 3 



NEUTRON RICH 7 3Ga AND 7 9AS ISOTOPES VIA THE 

(a,p) REACTION. 

G.Rotbard, H.Vergnes, G.Berrier-Ronsin and J.Vernotte 

Institut de Physique Nucléaire, BP n°l, 91406 Orsay, France 

Abstract. 

73 79 The (a,p) reaction at 26 MeV has been used to study Ga and As 

with 12 keV resolution (FWHM). The reaction behaves like a simple proton 

stripping ("spectator" zero coupled neutron pair) and the characteristic sha

pes of the angular distributions permit to assign new spins and parities. In 
7 3Ga : 198 keV (5/2~), 1116 keV (1/2"), 1494 keV (9/2+). In 7 9As : g.s (3/2"), 

233 keV (5/2"), 499 keV (l/2~), 777 keV (9/2+), 1806 keV (9/2+), 1891 keV 

(I/2-), 1964 keV (9/2+) . The observed splitting of the ^«3/2" strength in 
73 . 71 
Ga, important as compared to the one observed in Ga, is attributed to a 

change of structure between N=40 and 42. 

NUCLEAR REACTION 6 4 ' 6 6 » 6 8 » 7 ° z n , 7 6Ge (a,p), E=26 MeV ; measured a (6) 
73 79 
Ga, As deduced levels, E, j, TT '] 
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I. Introduction. 

Evidences for a change in nuclear structure between N=40 and N=42 

have recently been reported in the Ge isotopes (2=32), both from the varia

tion of the occupation numbers in the 2p,/~ a n d , f5/2 P r o t o n orbitals (measu-
3 1 

red in the ( He,d) reaction ) and from a comparison of the populations of the 
+ 2 

low-lying first 0 excited level in the (p,t) and (t,p) reactions . The stri

king difference in the distribution of the L=0 strength in the <t,p) reaction, 
. 71 73 . . . 

between the final nuclei Ga and Ga, appears as an evidence for a similar 2 3 change ' in the Ga isotopes (Z«=31) . The concentration of the L=0 strength in 
75 73 3 4 

the ground state transition for the As(p,t) As reaction ' seems however 

to indicate that such a change does not occur, at least between N=40 and 42, 

in the As isotopes (Z-33). Many other discontinuities have been reported 

in this region of the elements table and systematic studies of levels schemes 

have shown strange results (see for example Ref.8) among which a relatively 

regular and anomalous variation of the energy of the first J"«9/2+ level in 
a 

the odd-Z isotopes . 
In this interesting region, where so many anomalies have been obser

ved but are not yet really understood, it appears very worthwhile to improve 

our knowledge of the level schemes and transfer properties of the odd Ga and 

As isotopes. The lightests are relatively well known , both from 6 decay 

and y r a v spectroscopy and from transfer reactions (see Ref.1-8 and 15-19), 
73 79 but the situation is much worse for heavier isotopes like Ga and As. Al-

73 
though many levels of the previously unknown Ga have been recently observed 
. 3 13 20 
in our (d, He) and (t,p) experiments ' and 3 yrays have been observed in 

73 the 6 decay of Zn, spin values could not be unambiguously determined for an 
79 appreciable number of levels ; the level scheme of As is practically unknown, 

21 except for the excitation energies of two levels . The aim of the present 



73 
work was to extend our knowledge of these two neutron rich nuclei, Ga and 

79 
As, with respectively N=42 and 46. 

79 These two nuclei, particularly As, are rather difficult to reach 

3 

by conventional transfer reactions ; in particular the ( He,d) proton strip-

Ding reaction is impossible, due to the lack of stable target. In order to 

overcome this difficulty we have used in the present work the (ct,p) reaction 

which, under favourable circumstances, is known to behave very much like the 

3 22 
( He,d) reaction . The (a,p) reaction has also the very attractive fea-

23 24 . . . 

ture ' to have angular distributions quite characteristic of the total 

transferred angular momentum j ; there is, in particular, an important and re

producible difference in the angular distributions for the £=1, j=l/2 and j= 

3/2 transfers. 
The experimental procedure is briefly described in Sec.II and the 

73 
special features of the (a,p) reaction in Sec.III. The results for Ga and 

79 As are presented in Sec.IV and V, and discussed in Sec.VI. 

II. Experimental procedure. 

The experiment was performed with a beam of 26 MeV a particles from 

the Orsay MP tandem accelerator. The intensity was limited to 900 nA to avoid 

targets deterioration. The outgoing particles were detected by two solid state 

position sensitive detectors in the focal plane of the split pole magnetic 

spectrometer. The solid angle was 1.7 msr. The experimental set-up and proce-

25 
dures have already been described . Enriched metallic Zn targets with an 

2 
areal density of 60 pg/cm , deposited on thin carbon backings, were used. The 

enrichment was Ï 97%, except for Zn, where it was only 86.8%. The Ge target 

was composed of Ge02 evaporated on a thin carbon backing. The isotopic enrich

ment of Ge was 95.5%. Proton spectra were measured, by 8° steps, between 5° 

3 



fift 7fl 71 73 and 69° lab. angles for the » Zn(a,p) * Ga reactions, only from 5* to 

45° for the Ge(a,p) As reaction. Spectra were measured at 13° for the 

' Zn(a,p) ' Ga reactions. A typical proton spectrum for the Ge(a,p) 
79 . 
As reaction is shown in Fig.I. The overall energy resolution is 12 keV full 

width at half maximum (FWHM) . The known energy levels of ' ' Ga were used 

to calibrate the energy spectra and to deduce the excitation energies for the 
73 79 . . 

observed levels in Ga and As. Angular distributions relative normaliza

tions were obtained using a solid state monitor detector positioned at an an

gle of 45°. No attempt was made to obtain absolute cross sections. 
III. Selectivity of the reaction. 

The (a,p) reaction, as well as the time-reversed (p,a) reaction, are 

known to proceed (at high enough incident energy) as selective triton trans-
26 27 fer reactions ' . It may occur, under favourable circumstances, that the 

neutron pair in the triton is coupled to zero angular momentum : the triton 
22 

transfer then behaves like a simple proton transfer . In some cases, however, 
89 86 27 

like in the Y(p,a) Sr reaction , the transfer of a non-zero coupled neu

tron pair may be important and states with'neutron configurations may be popu

lated with strengths of the same order as those observed for states with pro

ton configurations. The selectivity of the reaction must therefore be carefully 

checked, in the Ga-As region, before using it as a spectroscopic tool. 

i) The cross sections measured at 13° lab. angle for the Ga isotopes 

are reported in Table I and compared with experimental results obtained with 

other transfer reactions. (The unit used for the (a,p) cross sections is arbi

trary, but is the same for all the isotopes ; the very small cross sections or 

spectroscopic strengths have not been reported in the Table) . For the three 
3 lightest isotopes, where a comparison of the (a,p) and ( He,d) results is pos-
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sible, it is clear that the two reactions have a very similar behaviour : a 
3 level strongly populated in the ( He,d) reaction is also strongly populated 

3 in the (<x,p) reaction ; a level very weakly populated in the ( He,d) reaction 

is also very weakly populated in the (a,p) reaction. . 

ii) The 5/2~ and 7/2~ levels in Ga and Ga are expected ' to 

be members of the multiplet resulting from the coupling of the 3/2 three pro-

tons cluster with the 2 collective excitation. These levels are therefore ex

pected to be populated if the neutron pair in the transferred triton is cou

pled to 2 : they are only very weakly populated in the (a,p) reaction. 
3 iii) For the two heaviest isotopes the (a,p) and (t,p) results can 

be compared and the strengths appear to be very different : the only levels 

strongly populated in both reactions are the J =3/2" levels (the two ground 
73 

states and the levels at 216 and 913 keV in Ga) populated by an L=0 transi

tion in the (t,p) reaction ; all the levels with strong L=2 strengths in the 

(t,p) reaction are weakly populated in the (a,p) reaction. From the facts 

summarized above, it can be concluded that the Zn(ot,p)Ga reaction populates 

predominantly the proton states, the transferred neutron pair being coupled 
3 

to zero angular momentum, and behaves like the ( He,d) proton stripping reac

tion. 

Empirically, the shapes of the angular distributions corresponding 

to large (a,p) cross sections are characteristic enough to permit to classify 

them into four groups : in Fig.2 the angular distributions with shapes iden

tical to that of the 3/2" ground state of Ga, in Fig.3 those with shapes 

identical to that of the 5/2~ state of Ga, in Fig.4 those with shapes iden

tical to that of the l/2~ state of Ga, in Fig.5 those with shapes identical 

to that of the 9/2* state of Ga. 

The possibility to distinguish unambiguously between final levels 

with J =1/2 and J =3/2 is due to the well known and very striking j-effect 



24 of the (a,p) reaction. Although a j-effect has also been reported between 

the j=5/2 and j=7/2 transfers, the differences in shape are rather weak and 

could not be used to make a choice between J =5/2" and 7/2" for the final le

vel. However, since the (a,p) reaction behaves like a proton stripping reac

tion, only states with spin parity values J «3/2~, 5/2", 1/2" and 9/2+, cor

responding to the active (unfilled) proton shells, can be strongly populated 

at low excitation energy. The states with J »7/2~ could only be weakly popu

lated, the If7/2 shell being expected to be filled in the even Zn targets. 

This is experimentally supported by the fact that none of the known J =7/2" 

states in the lighter Ga isotopes is observed in the (a,p) reaction (see 

Table I). The strongly populated states of Fig.4 can therefore be confidently 

assigned J =5/2". For similar reasons the strongly populated states of Fig.5 

shall be assigned J7r»9/2+. 

73 IV. The Ga nucleus. 

73 The results obtained concerning the Ga nucleus in the present (a,p) 

experiment are now discussed and compared with previous results obtained using 

the (d, He) and (t,p) reactions ' . 

- Three states at 0.0, 216 and 913 keV are known unambiguously as 

^=3/2" from the L=0 transfer in the (t,p) reaction. They all exhibit a j=3/2 

angular distribution in the (ce,p) reaction (see Fig.2) . It appears from a com

parison of the (a,p) results for the different Ga isotopes, in Table I, that 
73 the 3/2" strength is strongly split only in Ga. This splitting can be attri-

•> 3 buted, like the one observed for the L=0 strength in the (t,p) reaction"' , to 

a change in the nuclear structure of the Ga isotopes between N=40 and 42. 

- The level at 1119 keV was the only one populated by an £=1 transi-
3 

tion in the (d, He) reaction and by an L^O transition in the (t,p) reaction. 
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The value J =1/2" was prefered on this basis, but J =3/2" could not be ex

cluded. The angular distribution of the (a,p) reaction permits, due to the 

very striking j-effect (see Fig.2 and 4), a clear J =1/2" assignment. No other 
. 7 3 angular distribution with a similar shape has been observed in Ga. 

- Five states at 198, 495, 952, 1534 and 1620 keV have been observed 
3 IT 

in the (d, He) reaction, populated by an £=3 transfer and therefore with J = 

5/2" or 7/2". The value J =5/2" was prefered for the two low-lying states, 

from a comparison with the level schemes of the lighter Ga isotopes and be

cause their spectroscopic i=3 strengths, added to the total measured S.= l 

strength gave a value very close to the sum rule limit cf 4 for the valence 

shells. The four higher lying levels, with large £.=3 spectroscopic strengths 

were accordingly supposed to have J =7/2". 
The state at 198 keV, strongly populated in the (a,p) reaction, with 

an angular distribution identical to that of the J »5/2~ state at 487 keV in 
71 ir 
Ga, can be assigned (see Sec.Ill) J =5/2". The same is true for two other 

73 3 
states, at 1576 and 1939 keV in Ga, not observed in the (d, He) reaction. 

The strengths observed in the (ot,p) reaction for the states at 954, 

1534 and 1620 keV are very small ; this confirms that these states, strongly 

populated in the (d, He) reaction, have indeed J =7/2". 
o 

The 495 keV state is appreciably populated in the (d, He) reaction 
1 TT -and has been proposed as J =5/2 . Like the states discussed above, it is 

very weakly populated in the (a,p) reaction and could on this basis have J = 

7/2". It should be remarked, however, that the strength observed in the (a,p) 
3 _ 

and in the ( He,d) reactions, for the 5/2. state of the lighter Ga isotopes, 

is also very small. The 495 keV state remains therefore as a good candidate 

for being the second J =5/2" state of Ga. 



- The angular distribution observed for the strongly populated state 

at 1237 keV in Ga is the same as that of the 9/2+ state at 1494 keV in Ga. 
3 

This clearly confirms the tentative assignment deduced from the (d, He) angu
lar distribution . 

79 V. The As nucleus. 

A. Results of the (ot,p) reaction. 

79 The low energy part of the As spectrum (see Fig.l) is dominated by 

four large peaks. The angular distributions (Fig.2-5) permit to assign unam

biguously the spin-parity values : J =3/2" to the ground state, J =5/2" to 

the 233 keV state, f=\/2~ to the 499 keV state and J1T«--9/2+ to the 777 keV 

state. Between 800 and 1800 keV, only weak peaks are observed. Above 1800 keV 

three relatively large peaks appear, corresponding to rather strongly popula

ted states. From the angular distributions the assignments are : J =9/2 for 
IT 

the states observed at 1806 and 1964 keV, J =1/2 for the state observed at 

1891 keV. Angular distributions corresponding to other, weakly populated, 

states suffer from large statistical uncertainties and appear to be relative

ly uncharacteristic. Only the state observed at 1045 keV may be, very tentati-

vely, assigned J =(1/2 ). The results obtained are summarized in Table II. 
3 

B. Comparison with ( He,d) results for lighter As isotopes. 
79 The results for As deduced from the (a,p) reaction may be compared 

19 3 
with results obtained for the lighter As isotopes via the ( He,d) reaction. 
Up to 2 MeV excitation energy, all the transferred angular momentum values 

3 
£=0, 1, 2, 3 and 4 are observed in the ( He,d) reaction, but only states 

with spin-parity values J = 1/2", 3/2", 5/2" and 9/2+ are populated with lar

ge spectroscopic strength. We shall compare states with large spectroscopic 

strengths in the transfer reactions. 
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- The major part of the J,=3 spectroscopic strength is concentrated 

71 73 
on the first 5/2" state (ground state in As, 72 keV state in As, 279 keV 

75 77 
in As, 265 keV state in As). The corresponding state is observed at 233 

79 keV in As. 

- The major part of the 1=1 spectroscopic strength, concentrated in 

71 73 75 77 
As on a single state observed at 146 keV, is split in ' ' As between 

three states. 

73 75 
One of these states (at 253 keV in As, 469 keV in As, 503 keV in 

77 n _ 79 
As) is, surely or presumably, J =1/2 . The corresponding state in As is 

the ̂ =1/2" state observed at 499 keV. 

The two other states have J =3/2 (the ground states and the states 

at 84 keV in 7 3As, 263 keV in 7 5As, 215 keV in 7 7 A s ) . Only the Jïï=3/2~ ground 

79 state of As has a large strength in the (a,p) reaction. 

- The lgg/2 spectroscopic strength is split between at least two 

3 
states in the ( He,d) reaction, for the light As isotopes. The energy of the 

first 9/2 state goes down from 1004 keV in As.to 427 keV in As, to a 

minimum energy of 304 keV in As, then up_to 475 keV in As. The corres-

79 

ponding level is observed still higher, at 777 keV, in As. A second frac

tion of the £=4 strength, observed in the lighter isotopes at an energy of 

79 + 
about 1900 keV, is split in As between the two 9/2 states observed at 1806 

and 1964 keV. 

C. Comparison with other results. 

The ground state spin-parity value J =3/2", presently deduced from 

21 
the (a,p) reaction, is in agreement with that deduced from the measured log ft 

79 
values in the g decay of As. Further informations about the excited 

79 79 
states of As may be deduced from the decay of the Ge parent nucleus. 

9 



79 
Two isomeric decays have been proposed for Ge : 

29-33 

i) The first decay is clearly established , with a measured half-

life lying between 40 and 50 s (it will be further refered to as 42 s) . The 3 

energy end point is close to 4 MeV and the strongest y-ray observed in the di

rect spectrum, at 230 keV, and a 543 keV y-ray observed in coincidence, were 

assigned to cascade transitions from a 773 keV state to the 230 keV states, 

then to the ground state. The present work permits not only to confirm the 

existence of these two states, but also to specify their spins and parities : 

Jïï=5/2~ for the 230 keV state, Jïï=9/2+ for the 773 kcV state. A 781 keV y-ray 

33 has also been observed in coincidence with the 230 keV y-ray and may then 

be assigned to a transition between the state observed in the (a,p) reaction 

at 1016 keV and the 230 keV state. Other y-rays have been observed in the 

direct spectrum. 

ii) The second decay, with a 18.5 s (or 19.1 s) half-life ' , has 

21 
been considered by the Nuclear Data Sheets compilers to be only tentatively 

79 attributed to a state of Ge. However, the energy of 109 keV for the strong-

34 
est y-ray observed corresponds exactly to the energy measured in the pre-

79 sent work for the first excited state in As. This would appear as a strong 

79 support for the attribution of the 18.5 s half-life to a state of Ge. 

It would be a great help for further spin and parity assignments to 

79 excited states in As, to know the spins and parities of the two isomeric 

29-34 79 
states discussed above. The presently known results on the Ge decays 

are not sufficient, alone, for an unambiguous J assignment to the parent 

75 77 
states. Houever, the isotopes Ge and Ge are known to have isomeric states 

with J =1/2" and 7/2+ and the isotones with N=47 are known to have iso

meric states with : J^d/2") and (7/2+) in 8 1Se, f=i/2~ and 9/2+ in 8 3Kr, 

J =(l/2~) and (9/:+) in Sr. The parent isomeric states in Ge may then 

10 



•reasonnably be assumed to have 3V=\I2~, 7/2+ or 9/2+. The strong branching 

30 32 
observed ' through the 773 keV state, known from the present work to have 

J =9/2 +, eliminates the previously assumed possibility J =1/2" for the 42s 

parent state, leaving only J =7/2+ or 9/2+. Let us see now what can be dedu-

79 
ced for the states of As. 

- The first excited state is observed at 109 keV in the (a,p) reac-

79 
tion, but no 109 keV yray has been reported in the 42 s decay of Ge and 

none of the reported y - r ays can be assigned to a transition from one of the 

excited states observed in the (a,p) reaction, to the 109 keV state. It is 

then very likely that the 109 keV state is not populated in the 42 s decay ; 

its spin should then be low: J=l/2 (or 3/2). The (a,p) cross section for this 

level is small ; in the As and As isotopes the first excited state, J = 

1/2", is also weakly populated in Che equivalent ( He,d) reaction ; a tenta

tive assignment for the 109 keV state is then J =(l/2"). 

- A J «5/2 excited state is known in » « » ^s, at an excita

tion energy varying between 100 and 200 keV above the first exci ted J =9/2 

state. The two states observed at 881 and 1016 keV in the (a,p) reaction might 

79 

be candidates for being this state in As. Such a state would decay by El 

transitions to the 3/2" ground state and to the 5/2" state at 230 keV. So 

gamma ray corresponding to the ground state transition has been reported but 
30 

a 781 keV y-xay has been observed, both in the direct y spectrum and in coin-
••-33 

cidence with the 230 keV y-ray . This Y - r a y appears to correspond to the de-

TÏ 

cay from the 1016 keV state, which is therefore a good candidate for the J = 

79, 5/2+ in 7 9As. 

II 



VI. Systematic of-the j"=9/2+ state. 

The spectra of many odd-nuclei in the Ga, As, Br, Rb region have been 

. 40 . . 

calculated by Scholz and Malik using a Coriolis coupling model with a pai

ring interaction. The occurence at low excitation energy, in many isotopes, of 

a positive parity doublet : J =9/2 and 5/2 , is shown to indicate a prolate 

deformation. The minimum found at N=42 for the excitation energy of the first 
IT + 9 

J =9/2 state in the As and Br isotopes, has been related to a maximum value 
for the deformation. The relatively high excitation energy found in the pre-

tï + 79 

sent work for the first J =9/2 state in As fits nicely in this systematic 

and confirms the minimum observed at N=42 for the As isotopes. According to 

the interpretation of Ref.9, this relatively high energy would imply a defor-
79 75 

nu'.i.ion smaller for As than for As. 
3 1 The present work, complemented by the results of our (d, He) study , 

7T + 

shows that a minimum for the excitation energy of the first J =9/2 state also 

occurs at N=42 in the Ga isotopes. There is no evidence, at least for the Ga, 

As and Br isotopes of a shift with Z of the N value corresponding to the mi

nimum, as suggested for heaviest isotopes in Ref.9. Although the minimum is 

observed at the same place in the Ga, As and Br isotopes, it should be stres

sed that the energy of the minimum is much higher in the Ga isotopes (1237 keV) 

than in the As (304 keV) and Br (106 keV) isotopes, and that no "satellite" 

J =5/2 state has been observed in the Ga isotopes, close to the first J = 

9/2 state. It is therefore not clear at the present time whether the situa

tion in the Ga isotopes is similar or not to the situation in the As and Br 

isotopes. 
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VII. Summary. 
73 79 The study of the neutron rich isotopes Ga and As,'by means of the 

(a,p) reaction at 26 MeV, has permitted to determine a level schema of the 
79 previously practically unknown As and to specify the spin value for several 

73 excited states in Ga. The Zn(a,p) reaction appears to proceed predominantly 

with the transferred neutron pair coupled to zero angular momentum. The split

ting of the Pô/y strength in the Zn(o,p) Ga appears as an additional indi-
2 3 cation for a recently reported ' structural transition between N=40 and 42, 

in the Ga ground state wave functions. No indication for such a sudden change 

has been found in the As isotopes. The energies determined in thtj present 

work for the J =9/2 state permit to extend the systematic of these states 

and to show that the minimum in energy occurs at N=42 for the Ga isotopes. Al

though this minimum had been observed previously, also at N=42, for the As and 

Br isotopes, work remains to be done before a clear interpretation of these 

results can be proposed. 
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Tabic I 

Comparison of transfer results for the Ga isotopes 

6 7 G a 6 9 G a 7 1 G a 7 3 G a 

E x(keV) / (a,p) (3He,d) E x(keV) i» a,p) (3He,d) (d,3He) Ex('*eV) / (a.p)|(3He,d) (d, 3He) (t,p) E x(keV) J» (a,p) ^d,3He) (t,p) 

a a b c d e e b c f g h h b c f S i j k k b g i j 

0 3/2" 4.1 1.36 1.44 0 3/2" 3.5 1.85 1.55 1.63 0 3/2" 2.9 2.1 1.8 2.14 1024 0 •\ 3/2" 1.63 1.33 264 0 
167 1/2" 2.8 1.0 1.27 318 1/2" 2.2 1.3 1.27 .49 390 1/2" .35 .12 .16 .04 198±3 5/2" .72 1.87 

359 5/2" 2.3 3.4 4.75 574 5/2" 1.8 3.2 4.47 1.14 487 5/2- 1.15 3.3 3.2 1.14 216±3 3/2" .54 .07 248 0 
828 3/2" 1.0 .58 ..40 872 3/2" .57 .43 .34 .58 511 3/2" (.11) .4 .4 .21 23 0 495 5/2" (.04) .32 55 2 
911 5/2" 1027 1/2- .12 .12 .14 .10 910 3/2" 67 (0) 913+4 3/2" .67 .04 324 0 
1082 1/2- .31 .23 .20 1106 5/2" .10 964 5/2" .20 96 2 952 t 7/2", 

(5/2") 
.06 .50 77 2 

1203 7/2" 1336 7/2" (.4) «.65) .49 1107 7/2" 1119±4 1/2- .91 .43 20 (2) 
1413 7/2" 1488 7/2" .24 1109 1/2- 1.5 1.1 1.4 .39 18 (2) I237±4 9/2+ 1.39 .37 
1520 9/2" 1525 j (3/2-

5/2") 
1395 1 7/2", 

(5/2") 
.52 96 2 1396 1 (.5/2-

11/2") 
13 4 

1554 5/2" .34 .68 .46 1723 5/2" .25 .61 .70 1476 < 5/2", 
7/2" 

.31 1 .2 1531 7/2" 1.79 

1640 3/2" 1765 9/2" 1494 9/2* 1.7 5.3 3 .24 12 (3) I576±6 (5/2") .31 18 

1810 3/2" 1891 3/2" .18 .14 1499 f 5/2" 
7/2" 

1620 ( 7/2-, 
(5/2") 

.50 

1978 5/2" 1923 7/2" .23 1631 3/2" 129 0 1700 1(1/2-
1.7/2-) 

77 2 

2041 5/2" 1972 9/2+ 4.4 5.2 3.6 .26 1702 1777 i 7/2-, 
(5/2") 

.21 55 2 

2074 9/2+ 6.8 5.5 3.5 1978 1 (1/2T 
3/2") 

1720 J (5/2j 
7/2") 

.5 .9 1 19 (2) 1800 3/2- 14 0 

2002 f (1/2-, 
3/2") I i 

! 181218 .18 

2022 t (5/2",| .34 
7/2-) 

1.3 Î I i I 1926 1 1/2-_ 
7/2- 1 

34 2 

1 

1 
1 

i 
I 1 

! 
1939±8 (5/2- .23 | 



Table I 

a Excitation energies in keV and spin parity values from references 10, 11. 

b (ci,p) cross sections at 6, L = I3° (arbitrary unit: see text, Sec.III). 

c Spectroscopic strengths from reference 18. 

d Spectroscopic strengths from reference 16. 

e Excitation energies in keV and spin parity values from references 12, 13. 

f Spectroscopic strengths from reference 17. 

g Spectroscopic factors from reference 1. 

h Excitation energies and spin parity values from reference 14. 

i Summed cross sections of the (t,p) reaction (Ref.3). 

j Angular momentum transfer in the (t,p) reaction (Ref.3). 

k The excitation energies with the estimated uncertainties are from the pre
sent work. For states weakly populated in the (<x,p) reaction, the values 
are taken from references 1 and 3. Spin parity are from present work and 
from references 1 and 3. 

1 The spectroscopic strength given in reference 17 does not correspond to 
an Jl=3 transfer. 



Table II 

79 As results 

Presen t work 

/ 
E x(keV) J l r _ do 

h m 
da(13°r 

d« 

0 3 / 2 " 4.17 1.25 

109+3 0.56 0.11 

233±3 5 / 2 " 1.91 0.49 

499±3 1/2- 2.07 0.69 

607+4 0.40 0.17 

633±4 0.23 0.05 

777+4 9 / 2 + 3.16 0.83 

881+4 0.26 0 .05 

1016+5 0.28 0.06 

1045+5 d/2") 0.26 0.10 

1140+6 0.26 0.10 

1405±6 0.15 0.05 

1437+6 0.37 0.10 

1702±8 0.25 0.07 

1806±8 9/2* 1.15 0.26 

1872+8 0.32 0.08 

1891+8 1/2- 0.57 0 .18 

1942+8 0.21 0.05 

1964±8 9 / 2 + 0.93 0 .23 

79 Decay of Ge 
/ - * — , 
42 s isomer 18.5 s isomer 

a) 

230 

773 

b) 

109 

a) reference 21 

b) reference 34 



Figure captions 

Fig.I. A typical proton spectrum from the Ge(a,p) As reaction. Peaks are 

labelled by their excitation energy in keV. 

Fig.2. (ot,p) angular distributions with similar shape compared with the em
ir fifi 

pirical curve for a J =3/2~ final state as deduced from the Zn(a,p) 

Ga reaction. Only the shape has to be considered, as angular g.s. 
distributions have been shifted to gain place. 

Fig.3. (a,p) angular distributions with similar shape compared with the em

pirical curve for a J =5/2" final state as deduced from the Zn(a,p) 
7 l G a * (487 keV) reaction. The fit is rather bad for the 1812 keV 

state in Ga and the J =3/2" curve is also given for comparison. 

See also caption for Fig.2. 

Fig.4. (a,p) angular distributions with similar shape compared with the em
ir f-R 

pirical curve for a J =1/2" final state as deduced from the Zn(a,p) 
71 * 

Ga (1109 keV) reaction. See also caption for Fig.2. 

Fig.5. (a,p) angular distributions with similar shape compared with the em

pirical curve for a J =9/2 final state as deduced from the Zn(a,p) 

Ga (1494 keV) reaction. See also caption for Fig.2. 

79 3 
Fig.6. Comparison of the (a,p) spectrum for As with the ( He,d) spectra 

for the lighter As isotopes, as reported in reference 19. States 



Fig.6. strongly populated are represented by long lines, states observed but 

(cont.) weakly populated by short lines. Symbols on the lines are characteris

tic of the transferred angular momentum I. Bare lines represent states 

with either no reported fc-values or reported i, values in disagree

ment. 
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