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Abstract 

No evidence has been found for the formation of 

particle-stable neutral nuclei with A ~ 6 in 400 GeV proton

uranium interactions. The production probability limits are 

lower than published positive results from 24 GeV proton-tungsten 

interactions. 
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The availability of accelerators with previously 

inaccessible levels of intensity and energy has restimulated 

experimental searches for new nuclides of exotic composition. 

Among such nuclides are those carrying no electric charge (e.g. 

po1yneutrons, xn, x ~ 2). In the energy region below 1 GeV, 

recent searches for the production of particle-bound po1yneutrons 

have yielded only upper limits, both from 600 MeV proton inter

actions with 1ead,1 and, much more sensitively, in experiments 

at the high intensity 800 MeV LAMPF accelerator involving proton 

1n't t' , h uran1um, n contrast to th'erac 10ns W1t ,2 I ese negat1ve resu1ts, 

a recent pub1ication3 presents evidence for the possible existence 

of bound neutral nuclei, These latter results were obtained using 

24 GeV protons interacting with a thick tungsten target as a 

production source. The detection method employed was the conversion 

of natural zinc isotopes (A = 64 + 70) to 72Zn by particles that 

were biased to be neutral by having to pass through 7 or 17 rom 

thick aluminum shields. 

In order to check on this possibility that bound neutral 

nuclei might be formed at mu1ti-GeV energies even though they did 

not appear to be formed at 0.7 GeV, an experiment has been performed 
the (FNAL) 
at~Fermi National Accelerator Laboratory using 400 GeV protons 

~ . 

interacting with uranium·, This should be a more optimal production 

method than 24 GeV protons on tungsten if the incident energy and 

the neutron-proton ratio of the source are important. 4 At mu1ti-GeV 

energies it is conceivable that neutral nuclear species with baryon 
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number> 4 might contain other neutral particles than neutrons. 

The present experiment would have some sensitivity for such species 

but has been specifically designed to detect po1yneutron production 

and the results are discussed in terms of such species. The con

version of 208pb ~ 212pb was used as a detection method for 

polyneutrons, xn, with x ~6. This technique, although not sensitive 

to particles with x < 6, had provided the very low upper limits in 

the LAMPF experiment. 2 

The experimental arrangement in the FNAL experiment is 

shown in Fig. 1. The uranium target was 0.42 g/cm2 and was 

Cylindrically surrounded by 1 kg of especially pure lead. The 

inner aluminum wall separating the lead detector from the target 
2 

was 0.11 g/cm thick. The assembly was exposed for about 10 hrs 

to the 400 GeV external proton beam upstream of the main meson 

production target at FNAL. A total of 1.4 x 1016 protons went 

through the target (as measured by activation of A1 monitor foi1s 5) 

leading to a calculated 2.9 x 1013 proton-uranium interactions. 

Neutral species produced in such interactions should 

escape from the uranium foil and interact with the surrounding 

lead with high probability. The probability, in the geometry of 

Fig. 1, of forming a [(208+x)Pb]* compound nucleus was calculated 

by Monte Carlo methods to"be 2.2 percent assuming a total interaction 

cross section for po1yneutrons of 3.50 ba.rns in the lead, 0.54 

of which leads to compound nucleus formation. 

After the irradiation, the lead was dissolved and assayed 
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radiochemically for 212pb by the techniques described in ref. 2. 

These involved "milking" the 212Bi daughter of the 10.6 hr 212pb 

and measuring the 60.6 min 212 Bi (via the 8.78 MeV alpha accompanying 

its decay) by high efficiency, low background, silicon semiconductor 

dete~tors. The efficiency of the chemistry varied from 17 to 61 

percent in five successive assays, and was established by the 

. recovery of added 207Bi tracer. 

Measurement of the five samples yielded between 1 and 3 

alpha events in each sample (a total of 8) in the correct energy 

region in the first several hours of measurements. The three samples 

that were measured for longer times showed events c~ming in at the 

correct energy even at these later times. This indicated that some 

212pb (about 50 atoms) was picked up as contamination in the last 

stages of the radiochemical purification. Blank runs produced 

similar numbers of correct energy events in both the short (first 

few hours) and longer times of measurement. 

Thus, this experiment gave no positive evidence for the 

detection of neutral nuclei in the 400 GeV proton bombardment of 

uranium. An upper limit for the production of po1yneutrons can be 

calculated assuming that all the eight events observed in the first 
212few hours of measurement were really from Pb formed by such 

species. Taking into account the known efficiencies of the radio

chemical assays (both chemical and measurement) and the decay of 

the 212pb and 212Bi during the irradiation and subsequent processing, 

the eight observed events correspond to an upper limit of 3.3 x 10- 10 
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atoms of 212pb produced in the lead detector per 400 GeV proton 

interaction with uranium. From this number and the efficiency 

of the lead detector in the geometry of Fig. 1, the limits for 

the production of xn for various values of x between 6 and 12 are 

shown in Table I. These limits depend on the probability P(x) 

that an excited compound nucleus [(208+x)Pb]* will decay by the 

emission of x - 4 neutrons to produce 212pb. This P(x) was 

calculated by standard evaporation theory6 using the mass tables 

of Meyers 7 and a level density parameter a = ~ . 

The limits presented in Table I are in contrast with the 

values reported by Detraz. 3 The upper limits from the present 

experiment are lower than the production cross sections indicated 

by his work and lower than predictions of such cross sections based 

on extrapolation of yields of other neutron rich species (see 

Table I, column 4). Moreover, the contribution of background effects 

(e.g. possible charged particle reactions leading to the production 

of 212pb, and the obvious presence of some radioactive contamination 

in the isolated assay samples) has not been subtracted out as yet. 

Considering the fact that the incident proton energy in the present 

work was significantly higher than in the work of Detraz, and that 

uranium should be a more optimal target than tungsten, the present 

results appear not to support the usefulness of mu1ti-GeV proton 

reactions as sources of heavy neutral nuclides. The results are 

more consistent with the much lower upper limits (Table I, column 5) 

obtained at 0.7 GeV and suggest that particle-stable neutral nuclei 
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with more than five neutrons are not formed in high energy reactions 

with heavy neutron-rich nuclei and thus probably do not exist. 

The apparent discrepancy between the results of the two 

experiments at mu1ti-GeV energies may be due to either: (1) 

particle stability of a tetraneutron, to which the present experi

ment is insensitive, although previous searches for such a species 

have been unsuccessfu1;8 (2) secondary production of neutral nuclear 

species in a thick target at mu1ti-GeV energies (Detraz used a very 
. 

thick tungsten target; the present experiment utilized a rather thin 

uranium target). Consideration of presently understood properties 

of the most obvious candidate--a mu1tineutron system stabilized 

by one or more lambdas-is not encouraging in this regard. 9 (3) 

Finally, the conversion of natural zinc to 72Zn as a detector of 

po1yneutrons would appear to be more sensitive to undesirable side 

reactions than the 208pb + 212pb conversion utilized in the 

present work. 10 

We wish to thank the personnel of the Fermi National Accelerator 

Laboratory and in particular B. J. Holt for their assistance in 

the bombardment. The authors also gratefully acknowledge the 

participation of E. Blume and D. Boyce in target fabrication and 

monitoring during irradiation. The private communications of C. 

D~traz concerning progress on his work at ?4 GeV are also appreciated. 
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Table I.	 Limits on the production cross-section (microbarns) 

of polyneutrons xn in 400 GeV proton-uranium interactions. 

Assumed Number. Limits on 
Cross Section 

cObserved Predictionsc Limitsd 

x, of Neutrons 
in Po1yneutron p(x)a 

Production 
Cross Sectionb 

in 24 GeV 
p+W 

for 24 GeV 
ptW 

from 0.7 
p+U 

GeV 

6 0.0033 <9 85 500 <1. 1 x 10-3 

8 0.16 <0.2 70 10 <2.3 x 10-5 

10 0.62 <0.05 300 0.20 <0.7 x 10-5 

12 0.36 <0.08 <1. 0 x 10-5 

a - See text for definition of P(x). 

b - Calculated from the number of events, 8, observed in the first hours' measurements of five 
assays, P(x), and experimental conditions described in the text. 

c - See reference 3. 

d - See reference 2. 
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FIG. 1.	 GEOMETRICAL RELATIONSHIPS OF THE URN~IUM PRODUCTION 
TARGET AND LEP.D DETECTOR INTHE SEARCH FOR PARTI CLE
STABLE I~EUTRAL NUCLEI. .• 
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