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1 Introduction

In the interactions of the lightest nuclei with protons the mechanism of collec-
tive A(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 place in the light
nuclei-proton interactions. This has been shown in our previous work [3], where the
dp — pr* X reaction at 3.34 GeV/c of the incoming deuteron momenta has been
studied. As one can see in Fig. 1 the invariant masses displayed on the scatter plot
(Mx, M, ) split up. Assuming a spectator neutron from the incoming deuteron, the
observed mass splitting could have been described by a quasi-free proton - proton
reaction

pape — pnr T, 48]

where p; and py denote the target and projectile protons, respectively, and p and =+
come from the A+1(1232) isobar decay. The events tend to form two groups: in one
of them the A** can be related to the excited free target proton p,, while in the other
the quasi-free proton of the deuteron does the same. The two pronounced maxima
present in the momentum distribution of the (pr*) system (Fig. 2) also support
the identification of two groups of events with different vertices. Fast 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 reasonable to
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study the reaction
Hep — *H,pnn? (2)
(°*H, being a spectator) and to expect a quasi-free p-p interaction of the form:
Peiepe — pnm™, (3)

with puyr and p, being the projectile and target protons, respectively.
2 Experiment

The experimental data have been obtained using the JINR LHE 1m hydrogen bubble
chamber irradiated with *He beam of 8.6 GeV/e. The number of events in different
reaction channels and corresponding cross sections can be found in [5]. To select
the desired subsample (2) of the ‘Hep —3 Hpnzt reaction, enriched with events
containing a triton spectator, the analysis is constrained to the cvents in which 3/
is the slowest particle in the e nucleus rest frame. Such a selection results in
2,981 events with the corresponding cross section ¢ = (9.7 4+ 0.2)mb. The momen-
tum distribution of the tritons is of a tvpical spectator-like shape (with an average
< p >= 18TMeV/c) and with production angle cosine distributed uniformly. Be-
cause in this energy region pions are produced predominantly via A isobar and its
consecutive decay to pion and nucleon, one can assume that the reaction (3) mainly
proceeds as

pnpe — A, AT prt (1)
or

+

Pupe — ATp, AT = unt) {5)

where the cross section for (5) is about 6 times smaller than for (1) [6]-



3 Discussion

The invariant mass plot M(*H,n) versus M(pr™*) is shown in Fig. 3. It can be
seen that the experimental values are not distributed uniformly, they group into
two areas: the lower M(®*H,n) € (3.76,3.90) GeV/c* and the upper M(*H,n) €
(4.34,4.48) GeV/c? ones, while the values of M(prt) are practically the same, being
in both cases M{pr*) € (1.18,1.24) GeV/c? ( close to the mass of the A 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*(*H,n) = M2 + M3y +2E,E3; — 2p;piy, cos b, (6)

where M, and My, are the neutron and triton masses, £y, E3y and p;, p3y, their
CMS energies and momenta, respectively and 6* is the angle between the momenta
(proton off-mass shell effects in *He are neglected). The neutron energy E; and
momentum p;, are determined with the mass of the associately produced A** isobar
in (4). For the angle 8* the following relations hold: 0 < 6* < 7/2 in the case of
the target proton p, excitation (proton vertices in Fig. 4ab) and n/2 < 6" < &
for the projectile proton puy, excitation (helium vertices in Fig. 4c,d). The limiting
curve equations in the (Msy, ., M,.) plane can be obtained by setting 68* = 0 for the

proton and 8 = « for the helium vertices:

My, .(p) = M2 + My +2E,E3y, + 2p,.piy,, (M



where the sign - corresponds to the proton vertex, "4’ is for the helium one. The

equation of the curve, separating the events from different vertices is determined by

the condition 6% = 6* = 7/2:
My (0) = ME + M3y, + 2B B3y (8)

The A production cross section decreases with increasing |t| (t being the four-
momentum transfer squared from the impinging proton to the fastest nucleon) and
increasing of the A production angle [1). It means that an abundant anisotropy
appears in the production angle of neutrons {isobars) in the centre of mass system
of the scattering protons. Therefore in the case of the free proton excitation (pro-
ton vertices) the angle 6* is around 0 and 6* is near to = for the proton from the
nucleus (helium vertices). So, the events corresponding to iscbar production then
will mainly lay on the (Msy,,,, M,,) plot near the limiting curve as it can be seen in
Fig. 3. The Fermi motion of the proton, neglected in the calculation of the boundary
lines, can lead to some smearing of the experimental values. One can obtain the
same results selecting events according to the leading proton (Fig. 4 a) and neutron
(Fig. 4 ¢) in nucleus rest frame.

The splitting into two groups can also be supported by the two pronounced max-
ima in the pr* pair momentum distribution with respect to the helium rest frame
(Fig. 5). 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 — prtn scattering [7], the difference in their populations may be ascribed to the

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



to forward ratio in quasi pp CMS is 1.43 1+ 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 — pr*X (nofit)
{3] reactions, is connected with an admixture of spectator protons into (pr*) 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 ((n7t) - invariant mass squared versus (prt) - invariant mass
squared) prescuted in Fig. 7 shows that the experimental values are concentrated in
a vertical zoue in the MIZ,r+ area corresponding to the A*+ isobar mass.

The invariant mass Ma distribution for A production in free particle interactions
is well described by the model with an energy depending isobar width [8]. In the
quast - frec interaction is the situation more complex because of the Fermi - motion.

The (pn*) invariant mass distributions for the proton and helium vertices to-
gether with the results computed according to the Jackson formula (8] are displayed
in Iig. 8. The limits of these distributions are: M, (min) = m, + m, and M, (max)
=V/s - m, (/s is the CMS reaction energy of piy.+p. — A** +n), the M, (mar)
value for the model distribution is equal 1543 MeV/c? (for momentum of proton
from *He being 2.15 GeV/c). The mean values similarly as in [3] are shifted to
greater masses compared to the computed ones. While the agreement between the
experimental and computed distributions is acceptable at the lower masses. there is

a disagreement at the higher ones. Sinee the Jackson formula reproduces well the



isobar masses in the experiments with free protons [9, 10, 11], the deviations can be
connected to the neglected Fermi motion. This additional momentum smears the
/s distribution leading to enhanced width. It can be seen from Table 1 (containing
the computed and experimental values). Table | contains the results on A**(1232)
isobar production from the studied experiment as well as from other experiments.
In the rows | 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 A** production in
dp — pm*n reaction [3], row 5 the experimental values from K*p — K°A*+ reaction
[9] and in rows 6,7 there are values from pp — A**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 features of the A** production have been observed in the dp and *Hep
interactions. The splitting of the (pr*) combinations into two groups is determined
by kinematical effects in the quasi nucleon - nucleon reaction. The characteristics
of the A** 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 A**(1232) isobar production. Rows 1 and 3 are computed results

according to {8], the rest are experimental results. Results of the present

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

momenta, Ma(p), Ta(p) and Ma(A), Ta(A) are the masses, widths of the A

isobar produced in the proton and nuclear vertices, respectively.

b |- M, | Malp) Tolz) | Ma(A) Ta(A) | Ref.
[GeV/c] | [MeV/c?] | [MeV/c?] | [MeV/c?] | [MeV/c?] | [MeV/c
1T 167 1375 1210 89 3]
2 1.67 1375 1214 £ 0.5 | 98.0 £ 2.1 | 1216 £ 0.6 { 108.0 + 2.4 | [3]
3 2.15 1543 1216 102.5
4 2.15 1543 1222 £ 4 99 + 8 1217 £ 5 105 £+ 11
5 1.14 1362 1212 £ 8 72 £ 13 [9]
6 2.80 1763 1220 £ 2 77 £ 2 [10]
7| 6.00 2688 | 1226 £6 | 126 +6 (11]
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Fig. 1 Scatter plot of the invariant masses: My versus M, for the reaction dp —
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b,d) momentum diagrams in the reaction CMS.
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I'narones B.B. u ap. : " E1-97-214
Poxnenne gensra-u3oGapu B peakunu 4Hep ~—)‘3Hpn1t+

4 3 +
Hceneposanace peakuns "Hep — “Hpnn™ npu umnyasce renns 8,6 TaB/c B 3Kc-
K/o3uBHOM rnoaxoge. [lokasaio, 4To, B OCHOBHOM, 3Ta peakums wuaer qepes

KBa3H-HYK/IOH-HYKJIOHHOE B3aHMOJEHCTBHE pp — phlt’ ¢ TPUTOHOM- CTNIEKTATOPOM.
AHH3OTPOHHH YIIOBOI'O pacripeie/IeHHs HYKJIOHOB B 3TOM peakLMH NPUBOAMT K pac-

HICIUICHHID ( H)l) HHBapHaHTHOH MAaCCBI, TO €CTb K €CTECTBEHHOMY pa3jielIEeHHIO
B3alflM0ﬂ_eHCTBHH MPOHUCXOAALIHX B ﬂpOTOHHOH H rejIMeBON BEPLIKHHAX.

PaGota seinonxena B Jlabopatopun BbICOKKX sHepruit OHUSIN.

Coobtuietue O61eauHEHHOTO WHCTHTYTA StEPHBIX HcateaoBannit. [lybua, 1997

Glagolev V.V. etal. E1-97-214
Delta Isobar Production in the “Hep — 3Hpmt+ Reaction

The 4Hep—>3Hpnn+ reaction channel has been investigated at an incident
*He momentum of 8.6 GeV/c in an exclusive approach. It has been shown that
the reaction mainly proceeds via pp — pnn' interaction with a triton spectator.

The anisotropic angular distribution of the nucleons causes the splitting of ( 3Hn)
invariant mass and leads to a natural separation of the interactions occurred either

. 4 .
in proton or He vertices.

The investigation has been performed at thc'Laboratory of High Energies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1997
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