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Energy spectra of 
6

He from the reactions 6Li( 3He, 6He)3p and 7Li( 3He, 6He) 4Li 

have been measured at 14.1° for a 3He bombarding energy of 53.2 MeV. No evi-

dence is found either for a T = 3/2 state in the triproton system or for a 

4 . 
T = 2 state in Ll. 

Current interest in the level structure of three-nucleon [1] and four-

nucleon [2] nuclei has prompted an investigation of the systems ( 3p) and 
4

Li 

by means of the ( 3He, 6He) reaction 6L. d 7L. on l an l. In spite of its low yield 

[da/cill rv (1-4) ~b/sr at forward angles], the 3 6 ( He, He) reaction has been used 

previously [3] to determine the masses of several proton-rich nuclei (e.g., 

7B and 9c). To the extent that the ( 3He, 6He) reaction on 
6
Li can be considered 

a direct three-neutron transfer, it should selectively populate the lowest state 

in the ( 3p) system ·since the protons in the target already have the appropriate 

shell-model configuration. A similar argument applies to the formation of the 

lowest T = 2 state :i.n 
4
Li. 

t Work performed under the auspices of the U. S. Atomic Energy Commission. 

ti" Present address: State University of New York, Stony Brook, New York 11790. 

t 
Present address: Institut des Sciences Nucleaires, Grenoble, France. 

=l=t 
Present address: Universite Laval, Quebec, Canada. 
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Previous . investigations of the ( 3p) system have been made wi.th the 

3 3 .· . 3 . . . ·• 
He( He,t)3p and He(p,n)3p reactions! .. Measurements of triton spectra from 

. 3. (3 ) . ' the He He, t 3p reaction at 18-20 MeV [ 4] suggest a sequential decay through · 'i 

the 20 MeV level in 4He. At 44 MeV [5] departures of the triton spectra from 

f,our-body phase space can be accounted for by including the Coulomb interaction 

between the triton and the (3p) syst,em. Neutron spectra from the 3He(p,n)3p 

reaction at 25 MeV [6] indicate a slight deviation from four-body phase space. 

This has been tentatively explained as due to. a 
1s

0 
final-state interaction 

between.two of the three protons. At 50 MeV [7] the departure from phase space 

is considerably more pronounced and has been interpreted in terms of a T = 3/2 

state in the (3p) system at Ex(3p) = (9±1) MeV with a width r = (10.5±1) MeV. 

There have been several previous attempts to locate the T = 2 state in 

41. 
l. 

4 
A careful search [8] of the TI- decay modes of the hypernucleus AHe (e.g., 

4 - 3 ) . . . 4T . AHe ~ TI + p + He shows no evldence for sharp resonances ln ~l. In a high 

resolution measurement of the excitation function for p + 3~e elastic scattering 

b k [ ] . . 41· f at ac ward angles 9 , there is no indication of a narrow level ln l or 

exci tati·ons above the p + 3He threshold between 9. 5 and 11.6 MeV. Finally, in 

a recent study of the 71i( 3He~ 6He) 41i reaction at 37 MeV and 20° [10] no evi

dence was found for a sharp state in 41i up to an excitation of about 12 MeV. 

In the present experiment a 53.2 MeV 3He beam from the Berkeley 

88-inch cyclotron was used to bombard self-supporting enriched 
6
1i and 71i 

2 targets ( ~200 ]lg/ em ) . The resultant 6He nuclei were identified using a 

three-counter particle identification system that has been described previously 

[3,11]. Two similar four-counter telescopes consisting of 130]1 6E2 , 

109]1 6E1 ~ 3051J E, and 500]1 E-reject counters were operated at equal angles 

n·· 

' ' 

I' 



., 

': 

-3- UCRL-19521 

on opposite sides of the beam. A typical particle-identifier spectrum for one 

of these telescopes is shown in fig. 1. The 
11

B( 3He,
6

He)8B reaction was used 

to provide an absolute energy calibration and peak positions of the 6Li 

reaction products were'' monitored periodically to verify that no gain shifts 

occurred during the ~25 hr bombardment of each target. 

The 6He energy spectrum at 14.1° from the reaction 6Li( 3He}11e)3p is 

( ) 6 . . 6 4 shown in fig. 2 a . The spectrum covers He energies between 2 and 0 MeV 

and allows an investigation of the residual ( 3p) system from the thresholC. 

( Q = -10.45 MeV) to an excitation of about 12 MeV. For this spectrU-":1, three-

channel sums were made of the original data consistent with an overall reso-

lution of 225 keV, The spectru:ra shape is remarkably smooth and is quite 

similar to the solid curve which gives the phase space distribution for the 

four-particle final-state, 6He + 3p, modified to include the Coulomb inter~ 

action between the 6He and the ( 3p) system [12]. Similar results were 

obtained in a run of shorter duration at 11. 7°. 

Th 
6H t t 14. 1° f th t• 7L·( 3H 6H )41· . e e energy spec rum a . rom e reac 10n 1 e, e 1 1s 

· shown in fig. 2{b). Again, three-channel sums were made of the original data, 

in this case consistent with an overall resolution of 175 keV. The spectrum 

covers an excitation in 4Li of 15 MeV relative to the p + 3He threshold 

(Q = -9.98 MeV). In this range no evidence is seen for a narrow state in 
4
Li. 

It is clear, however, that if the order-of-magnitude estimates of a width of 

10 keV for aT= 2 level in 
4
Li at 10.6 MeV [9] are correct, its presence 

could be washed out by the present resolution in view of the apparantly large 

contributions to the cross section from the three-, four-, and five~body continuum 

states. The relatively sharp rise of the spectrum between 0 and 3.5 :MeV 
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excitatio.r; iri the (p+3He) system is similar to that seen at forward angles. in 

the 61i (p, t) 4Li reaction [13] and is presumably due to a p--wave p-3rre final

state interaction corresponding to the low-lying, broad, T = 1 states in 
4
Li 

[2]. A more detailed comparison indicates that this feature is considerably 

less prominent in the 7Li(3He, 6He) 4Li reaction. This raises the question of 

, 3 6 
whether the ( He, He) reaction mechanism is selective of the simple configurations 

corresponding to higher isospin states, particularly in the very lig;ht nuclei 

where contributions from the multi-particle continuum states are known to be 
·, I I 

large. At present there is insufficient data in the form of angular distri:-

butions for ( 3He. 6He) reactions to test the three-neutron transfer mechanism. 

. 6 .. . 6 3 6 . 
In summary, He energy spectra from the reactions Li( He, He)3p and 

7Li( 3He,
6

He)
4
Li have been measured at a 3He energy of 53.2 MeV and 14.1°. 

In the former reaction the spectrum shape has the form of four-body phase 

space and no evidence is found for states in the (3p) system up to an 

excitation of 12 MeV. In the latter reaction no evidence is found for a 

narrow T =·2 state in 4Li up to an excitation of 15 MeV. 

We are grateful to Claude Ellsworth for preparation of the lithium 

targets. Two of us {A.D.B. and J.C.H.) gratefully acknowledge postdoctoral 

fellowships from the National Science Foundation and the Miller Institute for 

Basic Research in Science, respectively. 

r 

i .1 



r 

. , 

, I 

l. 

2 . 

3. 

-5- UCRL-19521 

References 

G. C. Phillips!, Int. Nuclear Physics Conf. , Gatlinburg, (Academic Press, 

New York, 1967) p. 949. 

\1/. E. Meyerhof and T. A. Tombrello, Nucl. Phys. Al09 (1968) l. 

R. L. McGrath, J. Cerny, and E. Norbeck, Phys. Rev. Letters 19 (1967) 1442; 

G. W. Butler, J. Cerny, S. W. Cosper, and R. L. McGrath, Phys. Rev. 166 

(1968) 1096. 

4. A. D. Bacher and T. A. Tombrello, Bull. Am. Phys. Soc. 10 (1965) 693. 

5. T. A. Tombrello and R. J. Slobodrian, Nucl. Phys. Alll ( 1968) 236. 

6. A. D. Bacher, F. G. Resmini, R. J. Slobodrian, R. de Swiniarski, H. Meiner, 

and W. M. Tivol, Phys. Letters 29B (1969) 573, and references therein. 

7. L. E. Williams, c. J. Batty, B. E. Bonner, C. Tschalar, H. c. Benohr, and 

A. S. Clough, Phys. Rev. Letters 23 (1969) 1181. 

8. W. Gajewski, J. Sacton, P. Vi lain, G. Wilquet, D. Stanley,.· D. H. Davis, 

E. R. Fletcher, J. E. Allen, V. A. Bull, A. P. Conway, and P. V. March, 

Phys. Letters 21 (1966) 673. 

9. P. F. Donovan, J. V. Kane, J. F. Mollenauer, D. Boyd, P. D. Parker, and 

c. ZuparicH~; Phys. Rev. 158 ( 1967) 973. 

10. V. Z. Go1'dberg, A. A. Oglob1in, and V. P. Rudakov, Soviet J. Nucl. Phys. 

.2. (1969) 10. 

, 1 11. F. S. Goulding, D. A. Landis, J. Cerny, and R. H. Pehl, IEEE Trans·. Nucl. 

Sci. NS-13, No. 3 (1966) 514. 

12. T. A. Tombrello and A. D .. Bacher, Phys. Letters 17 ( 1965) 37 . 

. 13. ,T. Cerny, C. Detraz, and R. H. Pehl, Phys. Rev. Letters 1:.2. (1965) 300. 



-6- UCRL--19521 

Figure Captions 

Fig~ l. A typical three-:-counter particle identification spectrum for one o:f 

. 6 
the counter telescopes showing the window for accepted He events. Note 

the break in the horizont~l scale between the Z = 2 and Z = 3 nuclei. ~he 
_,. 

Z = 3 events are for calibration purposes and represent a smaller total 

charge. 

Fig. 2(a). 6 6 3 6 ' 
The He energy spectrum from the Li( He, He)3p reaction for one 

of the telescopes at 14.1° (lab). The scale at the top of the figure gives 

the excitation in the residual (3p) system. The solid curve represents 

the four-body phase space distribution described in the text. 

Fig. 2(b). The 6He energy spectrum from the 7Li( 3He, 6ne) 4Li reaction for one 

of the telescopes at 14.1° (lab). Arrows mark the thresholds for the 

p + 3 He, 2p + d, and 3p + n final states. The scale at the top gives 

the "t t' ' 4
T. eXCl a lOTI ln ~l relative to the p + 3 He threshold. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, 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 informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, 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 Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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