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General Features of4He Breakup Reactions in 
4Hep Interactions at a 4He Incident Momentum 
of 8.56 GeV/c 

The results are presented of investigation of the 
events obtained in the interaction of the 8.56 GeV/c 4He 
nucleus with protons in the one-meter hydrogen 
bubble chamber. The topological cross sections 
are presented. The information on the properties 
of the 4He nucleus and the nucleon-nuclear interaction 
is obtained on the basis of the study of two decays 
4Hep-+ 3Hpp and 4Hep -+ 3Hep. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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1 • EXPERIMENTAL PROCEDURE AND CROSS SECTIONS 

The data presented in this paper have been obtained in 
an exposure of the 1 m Dubna HBC an external beam of 
8.56 GeV/c 4He particles. Selection, meaaurement and iden
tification of events have been performed independently in 
each laboratory of Collaboration by using common criteria. 
We have estimated the 4He-p topological cross section~ on 
approximately half the total available statistics ( 40 000 
events). We also present some characteristics of 4He breakup 
reactions into two and three charged particles obtained 
from 8263 events giving at least one kinematical fit. 87% 
FIT events have the only hypothesis. Results on 4He -proton 
elastic scattering and on other two-prong final states have 
been published elsewhere l l / , 

The 4He-proton topological cross sections are given in 
Table 1. The two-prong elastic cross section takes into ac
count a 15 mb correction, while we assume that, due to our 
favourable kinematical conditions, no losses occur in in
elastic reactions. The calculation of cross sections has 

Table I 

Topological cross sections. The errors statistical only 

Topology Cross sections (mb) 

2 prongs elastic 36. ± 3. 
2 prongs inelastic 23. 3±2 .0 
3 prongs 73.1±0.9 
4 prongs 5.3±0.1 
5 prongs 8.9±0.2 

3 



et:: 
ILl co 
:J: 
:::) 

z2 

0. 2. 4. 

N = 3 x 3394 

6. 8. 
pmeas GeV/c 

Fig. !. Momentum distributions of secondary charged particles 
from 3394 three-prong events. 

been made using the 4He-proton total cross section atot = 
=(148 ± 7) mb estimated in ref. I ll by interpolating our 
experimental elastic differential cross section. This value 
is in good agreement with atot = (147± 1) mb at a 17.9 GeV/c 
4 

He incident momentum obtained in a counter experiment12 ~ 
We obtain therefore an average number of charged particles 
<n>=3.00± 0.02 and a dispersion D = o. 762± 0.007. 

2. GENERAL CHARACTERISTICS OF 4 He BREAKUP REACTIONS 

The use of 
4
He incident beam permits the study of the 4 He 

fragmentation with a high efficiency of the identification 
of the emitted particles. This can be seen from figure 1 
which presents the measured laboratory momenta of the out
going particles for three-prong events. One observes two 

well-separated bumps centered at- 4 GeV/c and-6.5 GeV/c 
which are due to deuterium and tritium tracks, respectively. 
The enhancement at -2 GeV/c corresponds to fast protons while 
contributions to the first bump may arise from pions and 
slow protons. The separation of competi~g hypothesis is 
then easily achieved by applying the cuts resulting ~rom 
figure 1; further cuts on the x2 probability and missing 
mass squared lead to a clean sample of events. The cross 
sections for the studied channels are presented in Table 2. 
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Table 2 

Channel cross sections 

Channel Cross sections (mb) 

4Hep __, pp 3 H 10.2 :±o. 5 
__, 3Hepn 11.0±0. 5 
--> ddp 1. 2±0. 2 
.... dppn 9.9±o.5 
.... 3Hprr+n 11.4±0.5 
__, 3 Hpp "o 2.6±0.3 

4Hep __, 3HsPP 8.8±0.4 
p 3Hp 1.4±o.1 3 s 

9.3±0.4 --> He 6 pn 
n

6 
3Hep 1. 3±0.1 

p3Hen s 0.42±0.02 

I 

I 
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c 

. 2 . . f h . 4H 3H F1g. . Schemat1c representat1on o t e react1ons ep--> epn 
and 4 Hep .... 3Hpp. 

As in reference / 3/ , one observed that the cross sections 
for the 4 He p __, 3He p n and 4 He p--> 3 Hp p reactions hav~ large 
values which are close one to another as predicted by charge 
independence invariance. Nevertheless, a large difference 

4 3 4 3 + occurs for the Hep __, Hpprr0 and Hep--> Hpnrr processes; 
this difference is similar to that observed in the pp .... pprr0 

and PP--> pnrr+ reactions (4). 
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Fig. 3. Momentum and angular distributions of spectators 
in rest frame of nucleus. 

The two break-up reactions 3Hpp and 3Hepn permit us 

• 

to obtain some information on the properties of the 4 He 
nucleus and the mechanism of N-nuclei interactions. In the 
framework of the spectator model it is possible to inter
pret these reactions by using the various diagrams shown 
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in Figure 2. To this end we have defined the so-called spec
tator particle as a particle of the slowest momentum in the 
4He rest frame. Using this procedure, we are able to study 
the following subchannels 

4Hep -+ 3He pn s 
3 -+ n

5 
He p 

-+ 3He pp 
s 

p 3H p' 
s 

( 1) 

where the index "s" denotes the spectator particle. Figure 3 
presents some momentum distributions of the spectators and 
also the corresponding angular distributions with respect 
to the proton incident direction. One observes that these 
distributions are characteristics of the spectator scheme, 
namely the spectators are emitted rather isotropically and 
with a small momentum. The momentum distributions peak 
around 120 MeV/c which can be compared with the characteris
tic value a= (2 mb) 112 = 169 MeV/c, where m is the reduced 
mass of a n - 3 He or p- 3H system and B is the corres
ponding binding energy. The curves in figure 3 present the 

results of the calculation made in ref . 1 51 based on the 
Bessel-Wilkin wave function of the 4 He particle. These 
curves are in relatively good agreement with the experimen
tal data; however, an excess of events is observed at high 
momenta. 

Using this definition, we have extracted the cross sec
tions for subchannels (1) with a spectator particle and 
have included them in Table 2. 

Similarly to the dp -+ ppn reaction (6) and our previous 
study of the 4 He p -+ 3He pn reaction ( 1) , one observes some 
correlation between the outgoing particles and the specta
tor in the 4 Hep-+ 3Hpp reaction. Figure 4 presents a di
agram of the asymmetric in Treiman-Yang angular distribu
tions as a function of spectator momentum. This angle is 
defined as the angle in the initial proton rest frame bet
ween the normal to the production plane and the plane con
taining the incident 4He and the spectator. 

One can see in Fig. 4 that the asymmetry of the Treiman
Yang angular distributions in both reactions increases with 
increasing spectator momentum. In analogy with the reaction 
dp-+ppn 16 1 , this may give evidence for a remarkable contri
bution of final state interaction between p- 3H and n- \le 
particles. 
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CONCLUSION 
4 

We have performed an analysis of some He breakup re-
actions by using a 4He beam and detecting the emitted par
ticles with good accuracy. The application of the spectator 
scheme has allowed us to study t:JN interactions in an ori
ginal way and may lead to ~ better understanding of the 
mechanisms of 4He - ·p interaction. 
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