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THEMASS OF 8He FROM THE FOUR-NEUTRON TRANSFER 	r 
REACTION 26Mg(a,He)22Mgt 

J. Cerny, S. W. Cosper, G. W. Butler, R. H. Pehi, 
F. S. Goulding, B. A. Landis, and C. Dêtraz* 

Department of Chemistry and 
Lawrence Radiation t 1aboratory 
University of California 

Berkeley, California 

February '1966 

We wish to report the existence and mass of He as determined from the 

four-neutron transfer reaction 26Mg(a8He)22Mg Theaccurate mass of 8He may 

• serve as a guide among the various 3  prescriptions which predict the many yet 

• 

	

	unobserved high T states in the very light nuclei, while the development of a 

technique for measuring He as .a reaction product permits an exploration, of 

• nuclear masses bracketing the predicted "neutron-deficient edge of stability in 

the light elements (e.g., the masses of 120 and lNe_nuclei  which are also can- 

• 	didates for double proton decay). • While the present experiment was in progress, 

two other definite observations of the existence of He were made. Cosper, 

Cerny, and Gatti 5  oberved 7OO 8He nuclei as third fraents in 52Cf fission 

(l in 106 fissions) utilizing counter telescope techniques similar to those 

described below, while Poskanzer, Esterlund, •and McPherson, in experiments 

with'the Brookhaven Cosmotron, reported the decay properties and 122 msec half- 

life of 8He. 	 • 

It was first necessary to redetermine the masses of the ground and low 

excited states of 22Mg since various systeinaticsT.impiiea that the reported data 

were in error. By utilizing the 24Mg(p  t) 22Mg reaction, the mass excess of 22Mg 

was found to be _0.38±0.05 MeV on the 12C scale with excited states at 1.22±0.03 
9,10 and 3 2±O 07 MeV 	 I 
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The Berkeley 88-inch cyclotron provided an analyzed beam of 80 MeV 

26 
alpha-particles which impinged on a 	Mg target in an evacuated scattering 

chamber. 	Preliminary experiments indicated two problems which required an 

advance in particle-identifier technique 	One was the necessity of identi- 

1 -3 
fying 32-36 MeV 	He particles (depending on the correct mass prediction 	) 	

0 

with a dag5 (lab) of -70 nb/sr or about 1 8He per 10 7 particles traversing a 

counter telescope. 	The other was the fact that the chance coincidence of an 

alpha-particle and a deuteron traversing the telescope within the resolving time 

of the system can produce an energy loss and hence identification pulse almost 

8He identical to that of a 	particle, thereby'introducing a difficult background 

problem. 

The major features of the final system11  are indicated in Fig. 1 and 

are as follbws: 
N 

• 	a. 	A three counter system with two "SE" detectors denoted 	..E2 and 6E1 

is employed for identification in order to eliminate the events exhib- 

iting abnormally high energy loss (Landau tail, blocking, etc.) or 

abnormally low energy loss (channeling, etc.) in a single 	E detector 

and which would produce an incorrect identification pulse. 	To accom- 

plish this, Ident. 1 on Fig. 1 produces two identification pulses from 

our standard circuitry12; the first identification pulse is based, on 

the 	E2 signal as the RAE??  pulse and the sum of the 	E1 and E signals 

as the "E" pulse, while the second utilizes the 	El signal as 	• 	0 

and the E signal as ??EVt. 	These identification pulses are normally pro- 

portional to the ,E2 and 	El detector thicknesses, respectively. 	The 

• 	 • comparator measures the ratio of these pulses and an event is rejected 

if this ratio does not fall within prescribed fractional limits. 	In 
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practice the great majority of "incorrect" identifications are elim-

inated whilerejecting only 1 to 6% of the events. The final identifi-

cation output (Ident..2)results from a third identifIcation pulse, which 

utilizes the sum of E2 and E1 as its 'AE" pulse 

Fast coincidence techniques and a pile-up rejector system restrict 

all allc'ed events to within a single beam burst. Single channel ana-

lyzers in the linear amplifiers allow signals only in the expected 8He 

energy range. 

Detector thicknesses are selected to provide optimum operation only 

for the 8He particles and a calibration group (here TLi from the 

26Mg(aLi)23Na reaction). A rejection detector removes all events 

(e.g., No. 2 on Fig. i) passing through the counter telescope. Dif-

fused Si. transmission counters are used to obtain minimum window thick- 

nesses throughout. 	. 	 .. 

d. As a final filter, all events in the 8He region of the identifier. 

are recorded in a small on-line, computer which retains complete infornia- 

tionon the E2, LEl, E-total and identifier signals. The computer 

• also stores a pulser-simulated 8He event every 12 minutes to check the 

entire system and provide an accurate measure of drifts. A monitor 

detector independently measures the beam energy variation with time. 

We wish to present the results of two, runs at 14 deg. lab of length I 

.52 hours (Run 1) and 60 hours (Run 2) and of alpha-particle energies 75.4 and 

80.0 MeV, respectively. Run 2 will be considered in more detail since, it em-

ployed the pile-up rejector and the on-line computer; otherwise, the runs were 

essentially identical. • The complete partiole identifier spectrum for Run 2 is 

shom in Fig. 2 along with the spectrum for the region above 8He from Run 1. 
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The tailing on the Li peak during Run 2,'which was not present during Run 1 

(dashed lines in Fig; 2), was due to relaxed single channel analyzer settings 

on E2 and ZM which permitted storage 'of 8Li pulses as a further calibration 

6 	 . 	 . 	 . 
but failed to reject Li ions of marginal behavior. Complete data on particles 

whose identification pulse appeared in region A-B were, stored in the computer. 

and latcr analyzed in detail. This analysis revealed that no : Li ions were 

present in region A-B. Otherwise, this region encompassed the 8He peak as pre-

dicted from range-energy systematics and most of two other peaks due to alpha-

proton chance coincidences and alpha-triton chance coincidences, which simulate 

THe and 9He particles, respectively. [ 7He has been predicted to be particle 

unstable from, calculations based on the T = 3/2 states in mass seven and Ref. 7 

places an upper limit for its.emission in 272Cf fission as <1 per 3000 He frag-

ments or <1 per 30 8He fragments. 9He would not.be  expected to be stable on 

general systematics.] The observed alpha-proton and alpha-triton chance coin-

cidences agreed within statistics with those predicted from the appropriate 

singles rates and led us , to expect 12±4,alpha_deuteron chance coincidences 

among the 26 events in the 8He identifier peak. No significant groupiflg of the 

alpha-proton or alpha-triton energy spectra was observed.  

Figure 3 presents energy spectra from both runs arising from the same 

identifier region. The energy range over which valid events could have been 

12 observed is indicated; no 8He events from the minor target impurities 

O, 	Mg) were energetically possible. , The noticeable reduction of "background" 

events in Run 2 was due primarily to the pile-up rejector. Further, 8 of the 

?6 possible 8He évenis in Run 2 can be excluded,, having been shown to be alpha-

euteron coincidences and not real 8He nuclei through analysis of their losses 

in the AE2 and El detectors. 	Only some of the chance coincidences can be .' 
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eliminated in this manner; the excluded events do not affect our mass arguments 

and are the shaded ones in Fig. 3. 1 

The last.problem that must be discussed is the likelihood of obtaining 

distorted spectra from the presence of correlated aipha-deuteron coincidences 

fromthe breakup of any 
6 * 	 6 Li ions in the exit channel. 	Only breakup of Li 

ions excited to the 2.18 MeV level could be observed as correlated coincidences 

due to the restrictions imposed by kinematics, geometry, and detector thick-

nesses. Since the population of this level is not known, we assumed as an upper 

limit15  that it is of the same order as the average 6Li g.s. continuum cross-

section; with this assumption, at most three correlated aipha-deuteron coinci-

dences would be present in the data of Run 2. 

Figure 5 clearly indicates two 26Mg(a8He)22Mg  transitions common to 

the runs whose spacing is that between the ground and first excited states of 

2Mg. Run 1 could not have observed transitions to the seond excited level 

of 22Mg and Run 2 apparently did not; it is of interest that this second level 

is only weakly populated in the 24Mg(p,)22Mg  reaction at the observed forward 

angles. The ground state peaks in both spectra agree in absolute value to 60 

keV and determine a mass excess for 8He of 51.65±0.12 MeV on the 12  scale.. 

A mass-excess of 52. 1 ±1.5 MeV for 8He was calculaed from.the decay expe±iment 

of Poskanzer et al. 6  The lightest particle-unstable channel of 8He is ( 6He+2n) 

with a mass excess of 33.7 MeV. 

Three theoretical predictions of the mass of 8He are of current interest 

and that of Goldanskii 1  agrees best with these results. His prediction is based 

on the assumption that the pairing energy of the last two neutrons in He is 

less than that in 6He [2.86 MeV] and greater than that in 9L. [2.02 MeV];  based 

on the 7He mass calculated in Ref. 15,  amass excess for 8He of 32.0±0.4MeV 
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would be predicted. The expression of Garvey and Kelson 2 predicts 29.7 07 MeV, 

while Jnecke's systematics 3  predict 3.2±.2 MeV . lS 	 . 

Of the light nuclei whose existence is related to the mass of 8He (see 

Ref. 17), on.ly18 the tetraneutron remains as possibly particle stable 	Our meas. 

ured He mass and the observed -decay 6  require a binding energy of less than 

3.05±0.12 MeV for n. Tang and Bayman 19 summarize the experimental status of 4
n 

and can calculate no bound state. 

• 	The experimental technique reported herein now makes possible the ex- 

ploration of the neutron-deficient edge of particle stability in the lighter 

elements from (a, 8He) transitions. Masses of T 	-2 nuclei such as l2 lS 

20Mg, etc., are additionally' of interest since they will permit a. further test • • 

of the isobaric multiplet mass equation. 	 . 

We wish to thank Dr. Gerald T. Garvey for several valuable discussions, 

Dr. 'Lloyd Robinson for developing the ADC-buffer system and Creve C Maples 

for the range-enrgy programs used in analyzing these data. . 	. ' 	. 
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FIGE CAIONS 

• Fig.. 1. An abbreviated block diagram of the electronic equipment. 

Fig. 2. A complete particle-identifier spectrum for Run 2. Single channel 

analyzers were set such that only alpha-particles of energy between 22.7 

and 26.6 MeV were identified. Counts in the region between A and B were 

stored in the on-line computer. The dotted lines represent the complete 

particle identifier spectrum •of Run 1 for channels 170 and higher. 

Fig. 3 . The energy spectra from the 26Mg(,8He)22Mg  reaction at l- deg. for 

bothRuns 1 and 2. The block width of each count corresponds to the 	• 

expected full width of a 8He peak and the central dot represents the exact • 

energy of each event. Shaded counts in the Run 2 spectrum can be excluded 

• 	from consideration as true He particles through an analysis of their 

energy losses in the E detectors. 	0• 	 0 

c 	
0 	 • 

4 	 0 	 • 	 •. 

'S 	 : 	 • 
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