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ABSTRACT, 

We present evidence for a low energy 
resonant behavior in the T = 3/2 three
neucleon system. 

LBL 705 

This is part of a series of experiments using elementary particle 

techniques to study nuclear structure. This work was started five years 

+ ago when we used the DCX reactions with ~ mesons on neutron rich 

isotopes in a search for isobaric analogue states. 1 

+ 
~ + (A,Z) -7 ~ + (A,Z+2) 

In the more recent experiments we have used the opposite polarity DCX 

reaction(~- -7 ~+)with the Helium isotopes. Here We hoped to find 

some interesting effects in the multi-neutron final states. Multi

neutron, 3n, 4~ .. ~ etc., final states are difficult to create using 

readily available target nuclei and projectiles. In this respect the 

DCX reaction is very good in that the incident particle, ~-, as well as 

the final particle, ~+, can both be readily detected and their vector 
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momentum measured with precision. 

The reactions that we studied are the following: 

4
He 

+ 
+ 4n ~ + ~ ~ 

~+ 
4

He ~ p + 3n 

3
He 

+ 
~ + ~ ~ + 3n 

(l) 

(2) 

(3) 

The spectrometer configuration that we used in all three reactions, 

with minor modifications, is shown in figure l. The ~- beam (intensity 

~lo5/sec), E = l40 ± 3 MeV (P = 242 MeV/c), is incident on a liquid 

Helium target. . + The outgo~ng ~ and p are detected and their momenta 

measured.by their trajectories in the magnet determined by the four wire 

spark chambers with magnetostrictive readout. Pions and protons are 

' 
distinguished by a combination of range and time of flight. The main 

source of background -aside from accidental events ~ is due toe+ going 

through t~e magnet system. These we subtracted off, after calculating 

by a Monte Carlo computer program. The main source of e+ is the reaction 

~- ~ ~·~ e+ e- y. The total number of good events in the above 

reactions were l54 (l), 4449 (2), and 6000 (3). The angular range 

covered by the spectrometer is from l5° - 40° with a mean solid angle 

of 20 millisteradians. 

One of our primary objectives was to determine whether the 4n or 
I 

3n systems were bound or not. Certainly, until the experimental results 

were shown, there were quite a number of theoretical papers predicting 

the existence of a bound 3n. 4'5 

• 

' ' 
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In the first experiment we studied the 4n and 3n final states by 

reactions (1) and (2). Figure 2 shows the experimental results. We 

plot the energy distribution of the detected rc+, which determines the 

energy distribution of the 4n system. The lines shown on this graph 

are (a) phase space, (b) phase space modified by the neutrons inter-

1 
acting in a S

0 
final state. We do not see any evidence for a bound 

tetraneutron. 

In this experiment we also took data on reaction (2). Measuring 

the momentum distribution of the proton we can look for a bound state 

in the three neutron system. We show results of this experiment in 

figure 3. In addition to the very large deviation from phase space 

which is immediately apparent, we discuss the main results: (1) the 

experimental distribution shows that the 3n system is not bound. From 

the data we set an upper limit 2.5 x 10-
2 

fib/sr for bound 3n production~ 

(2) We attempt to fit the data points which deviate from phase space 

1 
by (a) phase space modified by S

0 
interaction among 2 neutrons (This 

is obviously not a good fit to the data), (b) phase space modified by 

a Breit-Wigner resonance form, with parameters ~ = 15 MeV; 

r = 65 X 10-S (ck)3 where k is the momentum of the proton in MeV/c 

and c is the speed of light. 

Although the resonance form gives a resonable fit to the data, 

there could be a simple explanation which does not re~uire a resonance. 

In a capture reaction, it is well known that the it is usually captured 

by two closely correlated nucleons with the remaining nucleons playing 

the role of bystanders. There are two possible reactions: 
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re + p + n + (p+n) ~ n + n + (p+n) 

rr + p + p + (n+n) ~ p + n + (n+n) 

(4) 

(5) 

In reaction (4) the final state proton is a spectator and has little 

energy. In the last case it is possible to postu,late that the energy 

delivered to the pp pair is shared among them and the observed momentum 

distribution of the p is due primarily to this mechanism. Our attempt 

to fit the data to this hypothesis assuming a Fermi momentum of 20 MeV 

for the nucleons was not successful and thus we concluded that there may 

be still a resonance mechanism among the three neutrons. 

We then decided to investigate the following reaction: 

+ rr + 3n (3) 

For this experiment we chose the same energy~ Err- = 140 MeV, as that in 

reactions ( 1), ( 2). 

The results from this experiment are shown in figure 4 where the 

+ 
measured rr spectrum is given in terms of the kinetic energy of·the 

three neutrons. The results of this experiment indicated in the figure 

are as follows: (1) The 3n system is not bound. The upper limit to 

a bound state is .12 ~/sr. (2) The data does not fit 4 body phase 
. 1 

space (solid line).· (3) Phase space modified by S
0 

interaction 

between 2 neutrons is not a good fit (dashed curve). (4) The calcu

lation by Phillips
6 

- which assumes a combination of the spectator 

model and a final state interaction among the three neutrons - is a 

good fit. 

~J ; 

r 
t 

.... 

:-, ; 
I 
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We have also tried to fit this curve in terms of a resonant 

behavior among the three neutrons. It is clear that from our own 

experiments alone, this hYJlothesis would be on weak grounds, sir:ce our 

data by itseli' is not definitive. Additional evidence to support this 

hYJlothesis is the experiment done by Williams et a1. 7 In this experi-

ment they studied the reaction 

3 
p + He ~ n + 3p (6) 

at a proton energy of 50 MeV and at a series of angles ranging from 

20°- 50°. The recoil neutrons' energy was determined by time of flight, 

and thus the energy distribution of the 3p system is determined. Their 

results are shown in figure 5. This figure shows the following: 

(1) Four body phase space is a reasonable fit for the data taken at 

ep == 50°. (2) The data taken at ep == 20° shows a distribution which 

could be interpreted as a "broad resonance" near threshold. The para-

meters of the resonance are ER == 9 ± 1 MeV; r = 10.5 MeV. 

The shape of this broad resonance is very similar to our distri-

bution for the 3n system. This is shown in figure 6 where we compare 

the distribution of three nucleons from the reactions: 

p + 3He ~ n + 3p 

rc- + 3He ~ rc+ + 3n 

rc- + 
4He ~ p + 3n 

In each case we have divided by the phase space distribution. Results 

are very similar and, if interpreted as broad resonances, we get the 
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following parameters: 

~ = 9 ± l MeV; r = 10.5 MeV 

~ = 2 MeV; r = l2 MeV 

If you take the point of view that there are broad resonances in 

the three nucleon systems, you might arrive at the level scheme shown 

in figure 7. Assuming then the validity of the evidence from Williams 

on both bumps, the evidence of Ohlsen8, et. al. on 3He*, and our own 

data, we arrive at the leve.l scheme shown. 9 In this scheme we have a 

quartet of levels T = 3/2 consisting of 3p, 3He*, 3H*, 3n. In addition 

there are two other excited levels in 3He and 3H, (Williams, et.al.) 

which can be identified as members of an Isospin T = l/2 doublet. The 

parameters of these levels are seen in figure 8 taken from a paper by 
10 

Batty, et. al. 

The quantum numbers for the T = 3/2 levels would be ( L = l, 

S = l/2, T = 3/2). A model for this object assumes that two neutrons 

are close spaced in a. virtual 
1s

0 
core with a rather loose L = l 

ll 
neutron moving around it with a. diameter ~ 5 fermi. 

• 
l\. 

.. 
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FIGURE CAPTIONS 

Spectrometer setup. CH1-cH4 are spark chambers. 

SA' SB' SC, SD are scintillation counters. The aluminum 

in front of.SD is used to distinguish pions and protons. 

Reaction ~- + 4He ~ ~+ + 4n. Curve A is phase space, 

1 curve B is a S interaction between a single pair of 
0 

neutrons, and curve C is a 1s interaction between each 
0 

pair of neutrons. 

l.. 4 
Reaction ~ + He ~ p + 3n. Curve A is phase space, curve 

1 
B is a S

0 
interaction between two of the neutrons, and 

curve C is a Breit-Wigner resonance form among the three 

neutrons. 

Reaction ~- + 3He ~ ~+ + 3n. The solid curve is phase 

space, the dashed curve is a 1s interaction between two 
0 

of the neutrons, and the dot-dashed curve is the result of 

a calculation by Phillips. 

Reaction p + 3He ~n + 3p. The dashed curVes are phase 

space. 

The energy spectra divided by phase space. The crosses 

- 3 + . are the reaction ~ + He ~ ~ + 3n. The circles are 

the reaction p + 3He ~n + 3p and the dots are the 

4 
reaction ~.., + He ~ p + 3n. The normalizations of the 

spectra are adjusted to facilitate comparison. The curves 

are merely an aid to the eye. 

Possible energy level scheme. 

Quantum numbers for energy levels. 

• 

.. 
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154 evenfs 
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Fig. 4 
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Table 1 

3p 3He• 3H• 
excitation relative . 
to the 3p thre!hold excitation telative to the ground state + E• 9.6 ±.0.7 MeV 

· r~s MeV 
' 

£:=:::9.0MeV £=9.3MeV 
-

----

· E = 9 :t l MeV 

I 
E = 16 :t 1 MeV 

r ~ 10.5 MeV r ::::::9 MeV 
I 

E= 5.5 MeV E = 10.9MeV. E= 10.6 MeV 
r= 1.6 MeV. 

£=7.3MeV E = 12.6 MeV E = 12.0 MeV 

i r= 2.7 MeV 
----- --- . -· 

Fig. 8 

3ft 
exci&Mion relative 
to the ln threshold 

1.0 to 1.5 MeV 
Ohlsen et at. 

E= 2.1 MeV 
r = 1.6 MeV 

' 

E = 3.5 MeV 
r = 2.6 MeV 
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XBL 721-56 
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any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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