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The (4He, 8B) reaction on 27A1 and 66Zn targets has been studied at E~ = 109 MeV, the 
first observation of this reaction. Five groups appear in the first 4 MeV of excitation in 
the 23Ne spectrum, with laboratory differential cross sections ranging from 35 to 384 
nb/sr a t  01a b = 8 ~ Individual levels in 62C0 were not resolved in the exposure on the 66Zn 
target. However, 8B events were observed which are tentatively attributed to the 
66Zn(~, 8B)62C0 reaction, since contributions from plausible target contaminants can be 
eliminated on the basis of Q value. The observed yield at 8 ~ indicates a laboratory cross 
section of 540 nb/sr summed over the first 4.6 MeV of excitation in 62Co. 

1. Introduction 

One of the methods which has often been used to 
determine the masses of nuclides away from the line 
of stability is the direct observation of reactions 
which remove several nucleons of the same kind from 
the target. For example, such reactions as (3He, 6He) 
and (4He, 8He), which involve the transfer of neu- 
trons, have been extensively used to measure the 
masses of light and medium-weight neutron-deficient 
nuclides. 
For various experimental reasons, much less work 
has been done using reactions which transfer several 
protons, although multiple-proton transfer reactions 
induced by heavy ions have been observed in a few 
cases [1-3]. Among the possible light-ion induced 
reactions, the (4He, 8B) reaction, which removes three 
protons and a neutron from the target, could in 
principle be used to study several presently unknown 
neutron-rich nuclides, beginning at A---45. However, 
the (4He, 8B) reaction suffers from some serious ex- 
perimental disadvantages as a vehicle for mass 
measurements. In comparison with the aforemen- 
tioned neutron-transfer reactions, the contributions 
to line widths from target thickness are greatly in- 
creased by the difference in charge between the pro- 
jectile and ejectile. This difficulty is exacerbated by 
the large negative Q values, typically at least 
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- 3 0  MeV on neutron-rich targets. In addition, the 
transfer of an odd number both of protons and 
neutrons leads to odd-odd residual nuclei with their 
more complicated level schemes, when the more 
abundant even-even targets are used. Still, given a 
reasonable cross section, the (4He, 8B) reaction might 
be expected to yield some useful information about 
certain nuclides which are difficult to reach in any 
other way. 
To our knowledge, the (4He, 8B) reaction has never 
previously been observed, although an unsuccessful 
attempt to measure the mass of 6~ via the 
64Ni(gHe, 8B)6~ reaction has been reported [4]. 
In the present communication, we present some data 
for the (4He, 8B) reaction on 2VA1 and 66Zn targets, 
at a bombarding energy of 109 MeV. Neither of the 
residual nuclides, 23Ne and 62C0, is of interest from a 
mass measurement point of view, since each mass is 
well known. However, the Q values for these re- 
actions ( -32.5 MeV and -27.8 MeV for the alum- 
inum and zinc targets respectively) are roughly com- 
parable to those for some neutron-rich targets of 
interest. In addition, the low-lying level structure of 
23Ne is fairly well known, so that some insight may 
be gained into the selectivity of the reaction. The 
purpose of this paper is to provide an approximate 
guide to the yield which might be expected in mass 
measurement experiments under similar conditions. 
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Fig. 1. A two-dimensional display of energy loss (AE2) versus the 
energy (E) measured at the spectrograph focal plane, for events 
induced by 109 MeV ~ particles incident on an 27A1 target. Note 
that relative to the remainder of the figure, the vertical scale in the 
region containing the 8B group (upper right) is expanded by a 
factor of 100, while it is compressed by a factor of 16 in the vicinity 
of the intense 4He group 

2. Experimental Procedure 

Measurements were made of 8B spectra a t  0lab = 8 ~ 

from 27A1 and 66Zn targets bombarded with 
109.0 MeV alpha particles at the Indiana University 
Cyclotron Facility. The aluminum target consisted of 
two stacked, self-supporting foils totaling 413 btg/cm 2 
in thickness. The zinc target was fabricated by evap- 
orating 66Zn, 765pg/cm 2 thick and enriched to 
98.8 %, onto a 30 gg/cm 2 carbon backing. 
The 8B ejectiles were momentum-analyzed in a mag- 
netic spectrograph and detected in a position-sensing 
gridded ionization chamber placed at the focal plane 
of the spectrograph. The solid angle subtended by the 
spectrograph aperture was 3.3 msr. The design of the 
ionization chamber was based on one developed at 
Argonne [5]. The essential feature of such a detector 
is that the position sensing wire proportional coun- 
ters and the electrodes used for differential energy 
loss measurements are all contained in the same gas 
volume, separated by grids from the region in which 
the incident ions are stopped. The parameters mea- 
sured included an initial position measurement (X1) , 
two sequential differential energy loss measurements 
(AE1), and (AE2), a second position measurement 
(X2), and the energy (E). These parameters were 
recorded in event mode and simultaneously sorted 
on-line. The two position measuring elements each 
consisted of a single-wire proportional counter using 
a carbon-coated quartz fiber. Positions along the 
fiber were determined using the Borkowski-Kopp 
rise-time scheme E61. A third proportional counter 

mounted at the rear of the detector was used to veto 
passing particles. 
The measured values of E and either of the AE 
signals, together with knowledge of the spectrograph 
setting B p, were sufficient to cleanly and unam- 
biguously distinguish the 8B ions from other species. 
Redundant information from the other AE measure- 
ment and the second position measurement X 2 was 
also available for background rejection; however, a 
display of AE 2 vs. E showed the background in the 
vicinity of the aB group to be quite small under 
actual operating conditions. A two-dimensional dis- 
play of AE 2 vs. E obtained during a run on the 
aluminum target is shown in Fig. 1. 

3. Results and Discussion 

3.1. The 27Al(4He, 8B)Z3Ne Reaction 

In Fig. 2, we show a spectrum from the 
27Al(4He, 8B)23Ne reaction at 0~,b=8 ~ obtained 
from the first of the two position measurements (X1). 
This spectrum is a composite of two overlapping 
settings of the spectrograph magnetic field, with eve- 
nts from the second exposure shifted in position to 
compensate for the different field setting. The range 
of Q values covered extends from approximately 
2.5 MeV above the ground state energy to 4.5 MeV of 
excitation in 23Ne, or from Q = - 3 0  to -37MeV.  
Although no special effort was made to calibrate the 
spectrograph and beam analysis magnets for this 
particular experiment, the ground state peak ap- 
peared within 150keV of its calculated position, as- 
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Fig. 2. A spectrum observed for the 27A1(~, 8B)23Ne reaction at 8 ~ 
The positions of known states in 23Ne are indicated by arrows. 
The ordinate represents the number of counts observed per 
2,500 pC integrated charge, in order to adjust for differing beam 
exposure in different parts of the spectrum 
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Table l. Differential cross sections measured for the (*He, 8B) 
reaction at 0~, b = 8 ~ and E,  = 109.0 MeV 

Residual Excitation energy dG/dQ(lab) c Q 
nucleus (MeV) (nb/sr) (MeV) 

2~Ne 0.0 235 _+22 
1.02 35 + 9 
1.76 a 142•  
2.42 a 384_+40 
3.8 a 351 +37  

6~Co 0-4.68 540+91 

32.54 
-33 .56  
-34 .30  
- 34.96 
-36 .3  

- 27.8-( - 32.4) 

Probably includes two or more unresolved levels 
b Spectrum contains a cont inum of unresolved levels 
e Uncertainties given are statistical only 

suming the Q value (-32.536 MeV) implied by the 
mass tabulation of Wapstra and Bos [7]. The expect- 
ed positions relative to the ground state of known 
states in 23Ne up to 4MeV excitation [8] are in- 
dicated by arrows in the figure, together with their 
excitation energies. Note that the portion of the 
spectrum extending from just above the ground state 
to about 2.1MeV excitation was included in both 
spectrograph exposures, so that the integrated beam 
current for that part of the spectrum was approxi- 
mately double that for the rest. The vertical scale in 
that region has been adjusted by a factor of two in 
order to avoid distortion of the spectrum as indicated 
in the figure. 
The line width observed for the ground state is 
approximately 435 keV FWHM, almost entirely de- 
termined by target thickness. Thus, only the ground 
state and the first excited state at 1.02 MeV, for which 
there is some indication in the spectrum, would have 
been resolved. There are distinct peaks which appear 
to correspond to two pairs of levels centered at about 
1.75 and 2.4 MeV, as well as another, broader peak 
which may be due to the several known levels be- 
tween 3.4 and 4MeV. Significant contributions to 
this spectrum from target contaminants are unlikely, 
since the most plausible sources of appreciable con- 
tamination, the stable carbon and oxygen isotopes, 
are eliminated by more negative Q values. 
Differential cross sections for the five groups discer- 
nible in the spectrum are given in Table 1. A degree 
of selectivity is apparent, an undesirable feature for 
mass measurements where one would like to be sure 
that the ground state is among the levels populated 
with detectable intensity. In the present case, the first 
excited state at 1.02MeV is populated with only 
about one seventh the intensity observed for the 
ground state, and about one tenth that of the groups 
at 2.4 and 3.7 MeV, which as mentioned before are 
each probably due to more than one level. 
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3.2. The 66Zn(4He, SB)62Co Reaction 

Except for the heavier calcium isotopes, the lightest 
neutron-rich targets which would be of interest for 
mass measurements via the (4He, SB) reaction are 
found in the A~65-70 region. One possibility, for 
example, is the 64Ni(4He, SB)6~ reaction, which 
Cossairt et al. [4] attempted unsuccessfully to ob- 
serve at a bombarding energy of 116.5 MeV. These 
investigators found no definite SB events within the 
Q-value range from -33  to -38  MeV, which would 
have included the ground state and the first few MeV 
of excitation in 6~ and placed an upper limit of 
10 nb/sr upon the cross section within this range of Q 
values. As a supplement to that experiment, we have 
investigated the 66Zn(4He, SB)62Co reaction, which 
involves a target close in mass to 6 4 N i  but has a Q 
value (-27.8 MeV) which is somewhat less negative 
and therefore probably more favorable than the value 
-34.7 MeV [9] for the ground state transition lead- 
ing to 6~ 
The level structure of 62Co is quite complicated [10]. 
Thus, the thickness of the 62Zn target was chosen not 
with the intention of resolving individual levels, but 
rather to maximize the yield in a relatively brief 
exposure (with the target used, the expected line 
width for an individual level would be about 
600keV). Accordingly, although a 8B group could be 
clearly identified in the AE 2 vs. E display obtained 
with the 6 6 Z n  target (Fig. 3), the corresponding po- 
sition spectrum is consistent with a continuum of 
events at momenta lower than the expected position 
of the 62Co ground state. Although the experimental 
resolution thus precluded the identification of target 
contaminants via a kinematic shift, in this case con- 
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Fig. 3. A two-dimensional display of differential energy loss (AE2) 
versus the energy (E) measured at the spectrograph focal plane, for 
events induced by 109 MeV 0~ particles incident on a 66an target. 
The zero in the E direction is suppressed, so that the more intense 
groups due to ions with Z < 4  lie off scale. In the energy region 
above the 7Be group the vertical scale has been expanded by a 
factor of 250 as indicated, in order to exhibit the 8B events 
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tributions from all the lighter target contaminants 
which might plausibly be expected are ruled out by 
their larger negative Q values. Thus, it seems reason- 
able to assume that the SB events which are observed 
arise from the 66Zn(4He, SB)62Co reaction. 
The energy region covered in the exposure on the 
66Zn target corresponds to the first 4.6 MeV of exci- 
tation in 62Co, ranging in Q value from -27 .8  to 
-32.4 MeV. A total of 35 SB events were identified 
within this range, indicating a laboratory cross sec- 
tion of 540 nb/sr, or about 120nb/sr-MeV. Although 
the level structure of 62Co is not known over the full 
0-4.6MeV excitation energy range covered in the 
exposure, the Nuclear Data Sheets list a total of 30 
levels below 2.75 MeV [-10]. Thus, the measured yield 
suggests that the cross section for an average level 
would be in the 5-10 nb/sr range. This is considerably 
larger than the upper limit obtained in Ref. 4 for the 
reaction on the nearby nucleus 64Ni, at nearly the 
same bombarding energy, perhaps partly because of 
the somewhat more favorable reaction kinematics in 
the present case. 

4. Summary 

The data presented here indicate yields for the 
(~He, SB) reaction which vary from a few hundred 
nb/sr for an ZTA1 target to an average of only a few 
nb/sr per level in the case of 66Zn. Precise mass 
measurements using this reaction in the A ~ 65 region 
would thus be difficult, but given intense beams, may 
provide a feasible means of reaching certain odd-odd 
nuclei which are inaccessible by other methods. 

We gratefully acknowledge the generous support and assistance of 
The Indiana University Cyclotron Facility and its staff, without 

which the gridded ionization chamber used in this experiment 
could not have been constructed. We also wish to thank J.R. 
Erskine for helpful conversations and other assistance during the 
development of the chamber. Two of us (W.S.G. and R.S.T.) were 
supported by grants from the Michigan Memorial-Phoenix Project 
and the Rackham Graduate School of The University of Michigan. 

References 

1. Cerny, J., Weisenmiller, R.B., Jelley, N.A., Wilcox, K.H., Woz- 
niak, G.J.: Phys. Lett. 53B, 445 (1975) 

2. Fortune, H.T., Henning, W., Kovar, D.G., Zeidman, B., Eisen, 
Y.: Phys. Lett. 57B, 445 (1975) 

3. Bhatia, T.S., Hafner, H., Nolen, J.A. Jr., Saathoff, W., Schuh- 
reacher, R., Tribble, R.E., Wagner, G.J., Wiedner, C.A.: Phys. 
Lett. 76B, 562 (1978) 

4. Cossairt, J.D., Tribble, R.E., Kenefick, R.A.: Phys. Rev. C15, 
1685 (1977) 

5. Erskine, J.R., Braid, T.H., Stultzfus, J.C.: Nucl. Instr. Meth. 
135, 67 (1976) 

6. Borkowski, C.J., Kopp, M.K.: Rev. Sci. Instr. 39, 1515 (1968) 
7. Wapstra, A.J., Bos, K.: At. Data Nucl. Data Tables 19, 177 

(1977) 
8. Endt, P.M., Van der Leun, C.: Nucl. Phys. A310, 1 (1978) 
9. Norman, E.B., Davids, C.N., Murphy, M.J., Pardo, R.C.: Phys. 

Rev. C17, 2176 (1978) 
10. Nucl. Data Sheets 13, 443 (1974) 

W.S. Gray 
R.S. Tickle 
Physics Department 
The Harrison M. Randall 
Laboratory of Physics 
The University of Michigan 
Ann Arbor, Michigan 48109 
USA 

R.D. Bent 
Indiana University Cyclotron Facility 
Bloomington, Indiana 47401 
USA 


