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1 Introduction 

In the interactions of the •lightest nuclei with protons the .mechanism of collec-

tive Ll(1232) isobar excitation is suppressed. This mechanism manifests itself with 

greater widths of the peak and shifts to smaller excitation energies as well as with 
;!,', : 

an increase of the cross section per nucleon compared to the quasi-free isobar excita-

tions [1, 2] and other references therein. Mainly just the latter take plac~ in the light 

nuclei-proto~ interactions. This has been shown in our previous work [3], where th~ 

dp -+ p1r+ X reaction at 3.34 Ge Vj c of. the incoming deuteron momenta has been 
. . . . • . l . • 

studied. As one can see in Fig. 1 the invariant masses displayed on the scatter plot 
' ,, ' ''· ,- . . . . . ' . 

(Mx, MP") split up. Assuming a spectator neutron from the incoming deuteron, the 
• 1 ' • .' ' • ~ ' ., • • , ' • • ' : ' • • • • ; 

observed mass .~plitt!ng could have been described by a. quas~~fr~e proton - proton 

reaction 

PdPt -+ pn1r+, (1) 

where Pt and Pd denote the target and projectile protons, respectively, and p and 7r+ 

come from the~ ++(1232) isobar decay. The events tend to form two groups: in one 

of them the Ll ++ can be related to the.excited free target proton Pt. while in th~ other 
~ I· ' ' 

the quasi-free proton of the deuteron 'does the same. The tw'o prono~nced maxima. 

present in the momentum distribution of the (p1r+) system (Fig. 2) als'o support 
' . . 

the. identification of two groups of events with different vertices. F~t combinations 

in this frame are connected with the impinging proton while the slow ones with the 

nucleon from the nucleus. Our previous papers [4] on light nuclei fragmentation 

have demonstrated that the nuclear fragments in most cases do not participate in 

the interaction, i.e. they are spectators. So, by analogy with (1) it is reas~nable to 

n .... ,.- , ..• J:~, ~t - ••• ·-l'W'P -~ 
~-~~·u•~. llu~ll u:4••.•·~· 

U1)fibl1 liCt:.!!l~~ . 
6i1SIIJ.rOTSKA 

' :....a........ ..___...... -



study the reaction 

4Hep--> 3H,pmr+ (2) 

eH. being a spectator) and to expect a quasi-free p-p interaction of the form: 

P'HePt --> pmr+, (3) 

with P'He and Pt being the projectile and target protons, respectively. 
-· 

2 Experiment 

The experimental da:ta have been obtain~d using the iiNR LHE lm hydr~gen bubble 

chamber irradiated with 4He beam of 8.6 GeVfc. The number of events in different 

reaction channels and corresponding eros's, sections can be found in [5]. To select 

the desifed subsample (2) of the Wep -->3 Hpnir+ reaction, enriched with events 

containinga triton spectator, the analy~is is constrained to the event~ in which 3H 

is the slowest particle in the 4H e nucleus rest frame. Such a selection results in 

2,581 events with the corresponding cross section u = (9. 7 ± 0.2)mb. The momen-

tum distribution of the tritons is of a typical spectator-like shape (with an average 

< p >=187MeV/c) and with production angle cosine distributed uniformly. Be-

cause in this energy region pions are produced predominantly via .6. isobar and its 

~onsec~tive decay to pion and nucleon, one can assume that the reaction (3) mainly 

proceeds as 

P'HePt --> .6. ++n, .6. ++ --> p1r+ (4) 

or 

P'HePt --> .6. +p, .6. + --> n1r+, (5) 

where the cross section for (5) is about 6 time~ smaller than for (4) [6). 

2, _,_,., ... 
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3 Discussion 

The invariant mass plot ·MeH.n) versus M(p;+) is sh~~n in Fig. 3. ,It, can be 

seen that the experimental values are not distributed uniformly, they group into 

two areas: the lower MeH,n) E .(3.76, 3.90) GeVfc2 and the upper MeH.n) E 

( 4.34, 4.48) GeVfc2 ones, while the values of M(pir+) are practically the same, being 
' 

in both cases M(p1r+) E (1.18, 1.24) GeVfc2 (close to the mass of the .6. isobar). 

This splitting can be understood by analogy with [3] from the kinematical analysis 

of the reaction ( 4). 

Possible diagrams of isobar production in the reaction (4) are displayed in Fig. 4, 

(a,c) one-pion exchange and (b,d) momentum diagrams in the CMS. It can be writ-

ten: 

M 2 eH,n) = M~ + M}H, + 2E~E:H, - 2p~p;H, cos()*, (6) 

where Mn andM'H, a~ethe,neutron al}d tritonmasses; E~,E:H, and p~,p;H,:their 

CMS e:r,tt;rgies and momenta, respectively and ()* is the angle between the momenta 

(proton off-mass shell effects in: 4Hear~ neglecte~). Theneutron energy E~ and 

momentum p~ are determined with the mass of the associately produced .6. f+ isobar 

in ( 4). For the angle 0* the following relations hold:, 0 5:, 0* 5: 1r /2 in the case of 
' ' . ; . . 

th.~ target proton Pt excitation (proton verti~s inFig. 4a,b) and 7r/2 5: 0"; '.5:·~ 

for'th~ projec,tile pr~ton P'He e,xcit~tion (helium vertices in Fig. 4c,d). The limiting 

curve equations in the (M'H,m M'P") plane can be obtained by setting ()* = 0 for the 

proton and o· = 7r for. the helium vertices: 

M~:n(P),;, 'M: + j.IJH, + 2E~E:H, ± 2p~p;H,, (7) 
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where the sign'-' corresponds to the proton vertex,'+' is for' the .hefi-;;_m on'e. The 

equation of the curve, separating the events from different vertices is determined by 
:, . ·. ' ',: . . . . 

the co11dition (}~ = (}* = 1r /2: 

MiH,n(O) = M,;+ MiH, + 2E~E;H,· (8) 

The D. production cross section decreases with increasing. itl (t being the four-

momentum transfer squared from the impinging proton to the fastest nucleon) and 

increasing of the D. production angle [1]. It means that an abundant anisotropy 

appears in the production angle of neutrons (isobars) in the centre of mass system 

l 

of the scattering protons. Therefore in the case of the free. proton excitation (pro-

ton vertices) the angle (}* is around 0 and (}* is near to 1r for the proton from the 

nucleus (helium vertices). So, the events corresponding to isobar production then 

will mainly lay on the (M~H,n, Mp,.) plot near the limiting curve as it can be seen in 

Fig: 3.; The Fermi motion of the proton', negleCted in. the c~lculatio~ .of the boundary 

lines,' can lead to some smearing of the experimental values: One' can obtain the 

same'results selecting event~· according to the leading proton (Fig.' 4 a) and neutron 

(Fig. 4 c) in' nucleus rest frame. ,\ '! 

The splitting' into two groups c~n also' be supported by the two prorlounced n'lax-

imairi the p1r+ pair momentum distribution with respect to the helium rest frame 

(Fig. 5r The same tendency is observed as for the'dp interaction (Fig.'2). While 

the' splitting of events into upper and lower groups in Fig.3 can be explained by 

the anisotropical angular distribution of the neutrons from quasi nucleon - nucleon 

PP ~ p1r+n scattering [7], the difference in their populations may be ascribed to the 
,. J \· 

asymetry of the mentioned angular distribution. The value of the neutron backward 

4' 

f 

to forward ratio in· quasi pp CMS is 1.43 ± 0.04, which corresponds; within the er-

rors, to the ratio of the events in 'proton' and 'nuclear' vertices 1.54 ± 0.04. The 

smaller difference in populations of the analogous groups from dp--> p1r+ X (nofit) 

[3] reactions, is connected with an admixture ofspectator protons into (p7r+) com-

binations, which is difficult to get rid of applying only a cut to proton momentum. 

In Fig: 6 the bump at greater values of the missing mass decreases with increasing 

cuts applied to the proton momentum, i.e. the number of events in the 'nuclear' 

vertex lessens. 

The Dalitz plot ((n1r+) - invariant mass squared versus (p1r+) -·invariant mass 

squared) presented in Fig. 7 shows that the experimental values an· concentrated in 

a vertical zone in the M;,.+ area· corresponding to the L'>. ++ isobar mass. 

The invariant mass Me,. distribution for L'>. production in free particle interactions 
: " ; ' ~. ' ' .. ; . ' ~· 

is well described by the model with an energy depending isobar width [8]. In the 

quasi - free interaction is the situation more complex because of the Fermi - motion. 

The (p1r+) invariant mass di~tributions for the proton and ht>liinn vertices to-

get her with the results computed according to the Jackson formula [8] are display~d 

in Fig. 8. The limits of these distributions· are: Mp,. (min)= m1, + m,. and Mp,.(max) 

· = ,fS - m,. ( ,jS is the CMS reaction energy of P• iie + Pt '--> D.++ +;I), the M,.,. ( ma.r) 

value for the model distribution is equal 1543 MeVfc2 (for momentum of proton. 
:.: '. . ·' .- ... ,_. 

from 4 He being 2.15 GeV/c). :I'he mean values similarly as in [:1] are shifted to 

greater masses compared to the com{mted ones. While the agrecmPnt. b~twecn the 

experimental and computed distributions is acceptable at t]](' low(;r mass~:s, there is 

a disa.greemcut at the higher onPs. Since the Jackson formula rt'prodtuTs well I he 
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isobar masses in the experiments with free protons (9, 10, i1], the deviations can be 

connected to the neglected Fermi motion. This additional momentum smears the 

.JS. distribution leading to enhanced width. It can be seen from Table 1 (containing 

the computed and experimental values). Table 1 contains the results on fl++(1232) 

isobar production from the studied experiment as well as from other experiments. 

In the rows 1 and 3 there are computed results according to. (8), values from this 

experiment are in the row 4, the row 2 contains the values from ll ++ production in 

dp -> p1r+n reaction [3], row 5 the experimental values from J{+p -> 1{0 ll ++ reaction 

[9] and in rows 6,7 there are .values from pp-> ll ++n reaction (10, 11]. Experimental 

values in [3, 9, 10] have also been obtained by means of bubble chamber method, 

. while the data in (11] are from magnetic spectrometer. 

Conclusion 

Similar feahues of the ll ++ production have been observed in the dp and 4Hep 

interactions. The splitting of the (p1r+) combinations into two groups is determined 

by. kinematical effects in the quasi nucleon - nucleon reaction .. The characteristics 

of the ll ++isobar (mass, width and shape of the distribution) produced in different 

vertices are closed to each other and agree with other experimental results. 
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Table 1 Data on ll ++(1232) isobar production. Rows 1 and 3 are computed results 

1 
2 
3 
4 
5 
6 
7 

according to (8), the rest are experimental results. Results of the present 

work are without reference number. Notation: p means the incoming proton 

momenta, Mt.(p), ft.(P) and Mt.(A), ft.(A) are the masses, widths of the ll 

isobar produced in the proton and nuclear vertices, respectively. 

p .JS-Mn 
[GeVfc) (MeV/c2

) 

1.67 
1.67 
2.15 
2.15 
1.14 
2.80 
6.00 

Nu 
>2.2 

Q} 

(,:) 

........ 2.15 

:l 
2.1 

2.05 

2 

1.95 

1.9 

1.85 

1375 
1375 
1543 
1543 
1362 
1763 
2688 

1.81.1 1:15 

Mt.(p) r t.(P) 
[MeV/c2

) [MeV/c2
] 

1210 89 
1214 ± 0.5 98.0 ± 2.1 

1216 102.5 
1222 ± 4 99 ± 8 
1212 ± 8 72 ± 13 
1220 ± 2 77 ± 2 
1226 ± 6 126 ± 6 

--

.. ·.· :::.::·. .., 

1.25 1.3 

Mt.(A) f 6 (A) 
[MeV/c2

) [MeV/ e) 

1216 ± 0.6 108.0 ± 2.4 

1217 ± 5 105 ± 11 

-------

.. 

1.4 1.45 .1.35 
Mwp ( GeV/c2

) 

Ref. 

[3] 
[3] 

[9] 
[10] 
[11] 

Fig. 1 Scatter plot of the invariant masses: Mx versus Mr." for the reaction·dp-> 

p7r+x. 
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