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Characteristics of reactions dp — pppr~, np — ppn~, dp — dpntx—,
np — drtx~, dp — drat at 1.7 GeV/c per nucleon have been stud-
ied. By comparison of dp and np interactions the different mechanisms
in deuteron reactions were separated and it was shown that the quasi
free nucleon-proton process is dominant. More unambiguous selection of
spectators was demonstrated simultaneously. Their momenta distribu-
tions were well described by the known deuteron wave functions up to 0.4
GeV/c. It was shown that exotic effects at high momenta contribute in
less than 3% of events.

PACS numbers: 13.75. Cs, 25,40. -h

1. Introduction

The deuteron as the simplest and loosely bound nuclear system is of
particular importance for the understanding of nuclear phenomena. One
of the questions, which is intensively investigated, is its structure at small
distances (< 1 fm) or at large internal momenta (k > 0.2 GeV/c), where the
nucleons overlap and one can hope, that quark degrees of freedom will re-
veal themselves. The most precise experiments devoted to this problem are
inclusive and exclusive measurements of inelastic ed scattering [1]. Their re-
sults fully agree within the experimental errors with inclusive proton spectra
measurements from the fragmentation of deuterons on protons and nuclei
at different beam momenta up to 9.1 GeV/c [2] and with the results from
deuteron breakup by protons studying in exclusive approach [3]. An en-
hancement of the data over the predictions from the conventional deuteron
wave functions ¥(k) for momenta above 0.2 GeV/c was observed in all these
experiments. This effect was interpreted as a peculiarity of the deuteron
wave function (DWF) caused maybe by 6-quark state [4]. But nowadays
it seems more likely to be a consequence of contributions to the reaction
mechanism apart from quasi free scattering, which are not described by the
impulse approximation (IA) . Such mechanisms as virtual pion absorption
by a nucleon pair [6], its rescattering [5], isobar degrees of freedom excita-
tion [8] and also relativistic effects [9] have been suggested. It was shown in
exclusive measurements of dp and ‘Hep interactions, that in the channels
without pions namely the = exchange processes have a great influence in
the region of internal momenta 0.2 GeV/c < k < 0.4 GeV/c {T7].

We have investigated in our study the dp reactions with pions in the
final state to diminish this contribution, owing to real pion emission. Fur-
thermore, we could compare our data from dp interactions the analogical
np interactions obtained in the same experimental conditions at the same
energy per nucleon and performed by the same methodic. The comparison
allows to separate the quasi free np process in dp interactions from more
complicated nuclear ones possible only on the whole deuteron. In such a
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way we could also more unambiguously select the spectators and compare
them with the known DWF’s. However, the quasi free np interaction on the
contrary to the elementary one is complicated by the off-mass-shell proper-
ties of the bound nucleons and by their Fermi motion. We have taken this
into account and attempted to estimate its influence.

On the other hand we could distinguish, which mechanisms cause the
pion production in dp interactions, on the contrary to the elementary np
ones. This question is interesting, namely in reaction channels, where
deuteron in the final state appears. In such elementary np reaction the
deuteron can be formed by simple np clustering or by the intermediate
pp — dxt process [11]. In the case of dp reaction also the coherent pion
production on a deuteron as being that in which the outgoing deuteron
remains unbroken is possible [12].

2. Experimental characteristics of reactions

We have compared the

np — ppr_ (N1)
np — drtx~ (N2)

reactions from np experiment [10] with corresponding:

dp — pppr ™ - (D1
dp — dprTx~ (D2)

reactions from dp experiment. Simultaneously the reaction
dp — dnxt (D3)

has been analyzed, because its final products features are similar to those
in reaction (D2). The data were obtained by irradiation of the JINR 1-m
hydrogen bubble chamber by a deuteron beam at 3.34 + 0.08 GeV/c and
a neutron beam at 1.73 + 0.05 GeV/c, respectively. For convenience in
comparison with other experiments and to obtain the information about
the motion inside the deuteron in more straightforward way we will use
the deuteron rest frame (DRF) instead of laboratory one in dp experiment
analysis. The momentum of ingoing proton in this frame is 1.67 GeV/c. The
samples fitting above refered reactions were collected from 6800 three prong
np interaction and 4200 four prong dp interaction events with following total
cross sections:
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e o(np— ppr~) = 2.241+0.15mb

¢ o(np— drtw~)=2.92+0.20 mb
e o(dp— pppr~) = 0.271+0.15 mb

o o(dp — dprtr~) = 0.28 £ 0.24 mb
¢ o(dp — dnwt) = 1.32 4+ 0.22 mb

The compared reactions (N1)-(D1) and (N2)—(D2) were kinematically fully
determined and all events were identified unambiguously. Experimental
conditions (47-geometry) enabled to obtain the data without significant
losses. We have estimated them to avoid the systematic errors in compar-
ison. Analyzing the anisotropy in azimuthal distributions of slow particles
in events with small squared momentum transfers we have found the losses
less than 1% and the same in all reactions, so they impose no influence on
their comparison.

We compared at first the statistically richest reactions (N1) and (D1).

3. The dp — pppr~ and np — ppr~ reactions

One may assume, due to small deuteron binding energy, that most of
the dp interactions proceed on neutron bound in the deuteron, while the
remaining proton does not participate in the interaction. Such a process of
quasi free np — ppr~ reaction can be described by the IA [13] (Fig. 1(a)).
Among the three outgoing protons in the final state of reaction (D1) we
assigned in the first approximation, following the usual definition, proton
spectator p, as the slowest one in the DRF. The two remaining protons we
regarded as quasi free np interaction products.

The data from both (N1) and (D1) reactions were compared in np centre
of mass system (CMS). Transformation to this system for a dp interaction
was performed in the spirit of the IA by assumption, that the proton spec-
tator is on its mass shell even before the interaction between neutron and
proton-target takes place. In contrast, the neutron is considered to be a vir-
tual and off its mass shell and we defined the energy-momentum four-vector
associated with the bound neutron as:

K, = (~ksymy — E,). (1)

E_,, E, is momentum vector and energy of proton p, and m,, is the rest mass
of neutron. However, this transformation is ambiguous, because it depends
on spectator determination. Nevertheless, the angular distributions in this
CMS of protons and 7~ from reaction (D1) are quite compatible with those
from reaction (N1). The obtained asymmetries €, and €, presented in the



Comparison of np and dp Interactions ... 1203

T xt
P Py p d
Pa
(a) n (d) P
d p d n,
T
4 4 n
— A
(b) n 4 (e) at
n n
d . d d
L4 A"’ 1|'+
P d P

(c) » &)

/’ N N
d » d d

Fig. 1. Feynman diagrams of the processes discussed in the text.

Table I testify to compatibility of these distributions. The asymmetry here
is defined as: F_B

CFVE @)

where F and B are the numbers of particles.outgoing into the forward and
backward hemisphere, respectively. Indexes p, r stand for the protons and
pions, respectively. Pions tend to forward emission and protons are con-
centrated around the forward-backward direction with a small asymmetry.
Thus the basic characteristics, as the peripherality and pion emission of
these reactions correspond in the first approximation. Owing to a signifi-
cant peripherality of both processes we could associate each of the secondary
protons with the corresponding initial nucleon. The relevance of a final state
proton to the neutron (p,) and proton (p,) vertex, respectively, was deter-
mined by the procedure of minimal squared momentum transfer from initial
to final nucleon. Pion can be at the same time produced in proton and in
neutron vertex.
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TABLE I

The asymmetries in angular distributions of protons and pions in np CMS from
reactions dp — pppr~ and np — ppx~

reaction € €x
(DI) 0.052 4+ 0.018 0.068 +0.018
(Nl) 0.058 4+ 0.012 0.076 + 0.012

On the contrary to the angular distributions, the proton and pion mo-
menta distributions from (N1) and (D1) reactions, respectively, considerably
differ in details. It is natural to assume it as Fermi motion influence, be-
cause the momentum kinematical limit depends on the total energy of np
collision /s. It varies with Fermi motion according to:

$ =8, — 2W(Ep + mn) <+ w? - 2Tf(Ep + md) + 2’;'?’;} ’ (3)

where £ £+ Ty is the momentum vector and kinetic energy of Fermi motion;

I-c},, E, is the momentum vector and energy of ingoing proton; my, W is
deuteron mass and binding energy and s, is squared total energy of free
np collision. Considering only this influence, we have estimated upper the
Fermi momentum, which could be still registrable by our statistics:

kmax = 0.56 + 0.10 GeV/c.

To get more refine coincidence between elementary and quasi free np in-
teraction we have to define spectator in dp interaction more unambiguously.
The customarily used spectator definition as the slowest nucleon in nucleus
rest frame is partially artificial and has the physical sense only in the cases,
when spectator is rather slower than other nucleons. Two main factors lim-
its the exact spectator determination. The first one is the overlap between
high momentum part of spectator distribution and low momentum part of
struck protons spectrum, following from the fact, that struck protons are in
some configurations slower than spectators. Processes, when both nucleons
from deuteron interact (rescattering, final state interaction) are the second
factor. We could reduce the mixing up taking into account the difference
in angular distributions of spectators and the other protons. The spectator
angular distribution is predicted in IA by the formula [12]:

dcf:a, = ,/ kel(k)*o () F (K, Ki)dk, (4)

where 9(k,) is the deuteron wave function, o(s) is the energy-dependent
cross section for the corresponding neutron-proton reaction,

F=(K,-K; - m,m;)z
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is invariant flux-factor and K, K; are the four-momenta and m,, m; the
masses of proton p, and ingoing proton. The distribution deviates from
isotropy due to flux-factor and energy dependence of cross section o(s) of
reaction np — ppw~ , which is in the region of our energy rather important
(see Fig. 9). The influence of both these factors will be discussed later.
Nevertheless, the spectators can be emitted into the whole space, on the
contrary to the struck protons from quasi free np interaction, because they
are kinematicaly constrained by the limiting angle 6;,,,x = 70°. We chose a
sample of events with the slowest proton p, emitted into the angle:

9, > 0max . (5)

The overlap of spectators and the struck protons in momentumn distri-
bution vanished after applying this cut. Correctness of such separation can
be demonstrated by the comparison of spiral azimuthal distributions from
elementary np interaction and those obtained from the dp interaction. The
spiral coordinate system is defined for 3-particle final states and we can
unambiguously calculate the spiral azimuthal angle in reaction (N1) as:

- -

(knop X ga) - (kn’P X i;.,r)
lkn,p X kol |kn,p X kx|

An,p = arccos

(6)

in the rest frame of (pp, px), resp. (pn,p~) pair. Here Fa, I—c'p, En, Ex denote
the momenta of ingoing proton, secondary protons from neutron and proton
vertices, respectively and of 7~ in corresponding frame. We averaged over
both vertices, because we do not know event by event in which one the pion
was produced. The azimuthal distribution is symmetric with regard to 180°
and we present it in interval (0°,180°). The definition of A in (D1) reaction
depends on spectator determination. We present the distribution for events
from reaction (N1) in Fig. 2(a), while we do it for all events and for formerly
described selected sample of events from reaction (D1) in Fig. 2(b)—(c). The
absence of bumps at 30° and 150° in distribution of all dp — pppr~ events
vanished in the case of selected sample and we reached the compatibility
with np — ppr~ events. We can assume, that it is owing to correct selection
of quasi free np — ppr ™ process from (D1) reaction in the second case. The
slowest protons from the selected sample of events are then real spectators
and IA is valid in this case.

The measured spectator momentum distribution can be in IA directly
related to the momentum distribution inside the deuteron, i.e. to the DWF
in momentum space ¥(k,) by a simple relation:

dN 2 2
& = [ k). @
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Fig. 2. Spiral azimuthal angle distributions from: (a) — all np — ppr~; (b) —
all dp — pppr~ events and (¢) — dp — pppr~ events satisfying the condition
6, > Omax. The curves are polynomial fit results (solid — fourth order; dashed —
second order).

It allows us to compare the obtained results with known DWF’s among
which we present here the Paris DWF [14], however the application of an-
other DWF’s and even the simplest Hulthen one yields practically the same
result. The momenta distributions of the slowest protons p, are presented in
Fig. 3. They are drawn for all events from (D1) reaction and for the events
cut by the condition (5). Full curve is the prediction obtained from the
Paris DWF. One can see, that we have a good description of spectator mo-
mentum distribution behaviour for the selected sample of events even up to
0.4 GeV/c. To investigate the enhancement in high-momentum part of mo-
mentum spectra we have calculated the ratio of events, where the spectator
momentum exceeds 0.2 GeV/c, to the events from the full distribution:

kmax

[ §Fdk,
R=22 _  100% (8)

max

[ dk,
0.0

for all (D1) reaction events, the selected sample (BW), for remaining events
only (FW) and Paris DWF prediction. One can see from the results pre-
sented in the table 2 no remarkable excess of events above 0.2 GeV/c over
the calculations for the sample satisfying the condition (5), unlike of con-
siderable excess (8%) for conventionally defined spectator events, which is,
however, more significant in pionless deuteron breakup reaction dp — ppn
(12%) [7]. All above discussed facts imply, that the slowest protons emitted
into angles greater than #,,,x in the dp — pppr ™ reaction at our energy are
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unambiguously spectators. For the other effects in high momentum part of
spectra, such as virtual pion absorption, A isobar states excitation, 6-quark
component, remains only about 1% of events.

<10 3
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o
e
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~
4
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= all events X¥/Np = 324
s selected sample X°/N, = 065
Paris DWF
10 -2 4 i i i PUNE S S S S by i, i 3 s i Py s
0.0 01 0.2 0.3 04 0.5
P, [GeV/c]

Fig. 3. Momenta distributions of the slowest protons p, obtained for all events and
for the selected sample (discussed in the text) from reaction dp — pppn~ compared
with Paris wave function.

TABLE II

The high momentum part of events in p, protons momentum distribution from
reaction dp — pppr~.

R All events BW events FW events Paris DWF

% 16+1 8.5+0.5 23+ 1.5 8

It can be also seen from the Table II, that there exists a large excess of
observed events over the calculation for forward emitted protons p, (8, <
Omax ) wWith momenta greater than 0.2 GeV/c. There is no great difference
between the momenta of all three final protons in this region and it was
expected that they are the rescattering products. We have checked this
assumption by analyzing the azimuthal correlations between all three proton
pairs:

- -

Ry kg
LA R

®;k is the relative azimuthal angle between the pair of secondary protons p;

Psk (9)

and p;, calculated by using their transversal momenta I_c'jt, k kt- We compared
these azimuthal distributions in the following three regions:
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- QBW: 8, > Omax;
- QFW: 6, < Opax and k, < 0.2 GeV/c;
— RSC: 0, < Omax and k, > 0.2 GeV/c.

The corresponding asymmetries ¢ (F and B mean here the numbers
of particle pairs with @;; less and greater then 90°, respectively) of these
distributions are presented in Table III. The correlation is weak and of the
same type between proton p, and one of the remaining two protons, while
is strong between protons p, and p, in the regions QBW and QFW. It
testifies to applicability of IA in these regions. This picture rapidly changes
in the region RSC. The correlation is now strong between all three proton
pairs and above all arises between proton p, and recoiled proton p,. One
may say, that this sample of spectatorless events is almost surely caused by
rescattering.

TABLE III
Azimuthal correlations between proton pairs from reaction dp — pppr™
proton pair €QBW €QFW €RSC
PnsPp 0.73+ 0.04 0.74 4+ 0.04 0.62+0.05
Ps,Pp 0.08 +£0.03 0.07 £ 0.03 0.41+0.06
Psy Pn 0.14 1+ 0.03 0.134+0.03 0.36 £ 0.05

Taking into account these results we estimated
o the quasi free np — ppw ™ cross section to be 2.11 1 6.1 mb.

This value is in a good agreement with the energy dependence of the
np — ppr~ reaction cross section, which is presented in Fig. 9.

4. The dp — dprt=x~,np — dntx~ and dp — dnnt reactions

We found that events from reaction (D2) split clearly into two groups
Fig. 4(a)—(b) on the basis of the invariant relative four-velocity b;4 between
the initial beam particle i and the final state deuteron d:

. Ky\?2
bia = — (—*Kt - ——d) ) (10)
m; my

where K are the four-momenta and m the masses of particles. We used
this invariant variable to compare characteristics from the (N2) reaction
with those from the reactions (D2) and (D3) independently of the initial
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Fig. 5. The dp — dpxtx~ coherent production data from different pd experiments:
(a) — the cross section dependence on proton beam momentum; the fit result is:

o = 0.155 In(pbeam —0.050); (b) — the slope parameters of differential cross sections
dd/ dt;q.

particles sort. On the contrary to the distribution obtained from (N2) re-
action Fig. 4(a), there exists a cumulation of events at small b;4 in reaction
(D2) Fig. 4(b). Analogical cumulation could be also seen in b;4 distribution
obtained from reaction (D3) Fig. 4(c).

The subprocess which produces events in these cumulations is charac-
terized by small momentum transfers between the incident and outgoing
deuteron t;4 (t;g = m2b;4), manifested by its rapid decreasing. We have
treated these events as the coherent pion production on the deuteron with
one pion exchange (OPE) mechanism and the elastic #d — =d scattering
as the intermediate process [17). The obtained slope parameters from dif-
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ferential cross sections do/dt;; are nearly equal to the slopes from another
hadron-deuteron experiments on coherent production at different incident
momenta (hadron — p,5, K*,7%). In Fig. 5(b) we compare our result
with those obtained from pd experiments. Its cross section in (D2) reaction
calculated by extrapolating the do/dt;y is 0.043 £ 0.007 mb. The compar-
ison with another coherent dp — dpr ¥ 7~ reaction cross sections at higher
energies is presented in Fig. 5(a). Our result is in agreement with perma-
nent cross section increase with increasing proton beam momentum. It can
be seen, however, that the coherent production is rather more probable at
higher energies, its contribution in our case is not negligible. The sample of
events available did not allow the investigation of the structures in invariant
mass spectra.

The cross section of this OPE subprocess in reaction (D3) is 0.47 £ 0.07
mb, which is nearly equal to the result obtained at slightly higher (1.825
GeV/c) proton-beam momentum [16]. We observed a drt enhancement for
these events (Fig. 8). A three-body phase space with Breit—~Wigner function
fitted to this peak gives the position as:

o My, = 2.185+ 0.020GeV/c® at a width of I' = 0.155 £ 0.035GeV/c%.

The proportion of events contributing to this peak within an My, range
of (2.03, 2.34) GeV/c? is 42 £+ 12%. The central value of dr* bump is
approximately equal to the sum of A*(1236) and a nucleon mass and the
width is slightly wider than that obtained for A. The enhancement could
be explained by a final state interaction of the exchanged = with one of the
nucleons bound in the deuteron resulting in A*(1236) formation. The A
isobar than decays and the nucleon from its decay recombine with spectator
to form the final state deuteron Fig. 1(e). It is due to resonant character of
the elastic #d — wd scattering cross section at the energy near to sum of A
and nucleon [18].

The squared momentum transfer ¢;4 distribution of remaining events
from (D2) reaction is flat enough and implies no contribution of the coher-
ent production on the deuteron. In a peripheral model they must involve
one nucleon exchange (ONE) as presented on most probable Feynman dia-
grams (Fig. 1(b)—(c)) [20]. We can consider the first subprocess as the quasi
free np — dxt 7~ reaction proceeding on the neutron bound in deuteron
and it corresponds to elementary np — drtx—. We compared at first all
ONE events from (D2) reaction with those from reaction (N2) in np CMS
according (1). Although the ONE events from reaction (D2) have to differ
from elementary np — drtx~ reaction events due to influence of different
ONE diagrams, this influence was not manifested in simple distributions, as
momenta and angular distributions of deuterons and pions. The mean val-
ues k, variances g of deuteron and pions momenta presented in Table IV (in
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GeV/c) do not differ in each case. The asymmetries in angular distributions
were practically equal to zero in both cases.

TABLE IV

Mean values and variances of np CMS momenta distributions of deuterons and
pions from reactions dp — dpr*x~ and np — drtnr~

reaction kq kx od Ox
(b2) 0.244 0.185 0.76 0.46
(N2) 0.240 0.178 0.70 0.44

To separate different ONE diagrams from (D2) reaction and thus obtain
the contribution of quasi free np interaction and other processes possible
only on deuteron we used the longitudinal phase space (LPS) analysis [19]
simultaneously with comparison of reaction (N2) events. In the method
of LPS analysis the phase space is divided into four sectors according to
the #* mesons directions. Then we compared the events from different
sectors with the events from np — drt7~ reaction. The central region,
where the overlap of different processes is possible, was significantly less
populated than the peripheral regions. The degree of division between the
different processes was such, that the amount of events from process with
both pions in the same vertex with deuteron (Fig. 1(b), and we denote
them as the group A) was 80%, while the amount of events with =7 resp.
7~ in different vertices (Fig. 1(c), denoted as the group B) was 20%. The
following differences between the A and B groups of events from reaction
(D2) with regard to the (N2) reaction events were obtained:

e the A group events coincide with the deuteron momentum distribution
of the events from reaction (N2), while the B group events are mostly
out of this distribution;

e two significant peculiarities at 0.33 GeV/c? and 0.40 GeV/c? are present
in the M., invariant mass distributions for (N2) reaction events and
for the A group events, while only one broad peak at 0.33 GeV/c? is
present in My, distribution for the B group events (Fig. 6);

e the maxima at 2.1 GeV/c? are present in both My, invariant mass
distributions for the reaction (N2) events and for the A group events,
but no any enhancement could be seen in My, distribution for the B
group events (Fig. 7).

All these differences allow to assume, that the ONE events from the A group
of reaction (D2) correspond to:

e quasi free np — dr 7~ process with the cross section 0.19 & 0.02 mb.
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Fig. 6. Invariant My, mass distributions: (a) — from np — dx*tx~ reaction
events; (b) — for the group A events and (c) — for the group B events from
reaction dp — dprtx—.
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Fig. 7. Invariant Mg, mass distributions: (a) — from np — dn*x~ reaction

events; (b) — for the group A events and (¢) — for the group B events from
reaction dp — dprt=x—.

Similarly the events from reaction (D3), which come from clearly split
fast deuteron bump (large b;4 in Fig. 4(c)) were treated as ONE events with
intermediate pp — dr™T as the basic reaction (Fig. 1{(d)). We observed a
significant maximum in the My, spectrum for these events (Fig. 8). Fit-
ting to this distribution, using combinations of Breit—Wigner function and
phase space background, gives the proportion of events contributing to this
maximum as 50 + 10%, with x2 = 53/44,

o amass of 2.315+0.010GeV/c? and a width of I' = 0.065+0.015GeV /c%.

The enhancement is 4 standard deviations over a fitted background. The
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np — dxtx~. The curves are polynomial fit results. Data were taken from [26]
and. for the reaction np — dx*x~ also from [10]. Our quasi free pN values are
assigned with the spread in total energy.

peak position is close to our total energy of pp collision ( /s = 2.312 GeV)
and such a behaviour of My, distribution reflects the fact, that d=* pair
comes from quasi free pp — dnt reaction. The width of the peak is con-
nected with the Fermi motion of nucleons bound in deuteron.

The last group of events from the reaction (D3), which contribute to the
medium bump in Fig. 4(c) is characterized by a significant A production.
The phase space background accounts for less than 40% of the events in My
invariant mass distribution. The reaction mechanism with intermediate
pN — NAT process seems to be dominant in this case [15] (Fig. 1(f)).
The energy distribution of #+ follows fairly well the resonance character of
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Fig. 10. Momenta distributions of spectators from quasi free p/N processes in
reactions: dp — dp,xt 7~ and dp — dn,n* are compared with Paris wave function.
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Fig. 11. The nucleon spectator angular distributions from reactions: (a) — dp —
dp,n*n~ and (b) — dp — dn,x*. The curves are the results following from
formula (3).

NN — NA — NNr reaction with maximum at 0.1 GeV/c [25]. However,
the evidence of some enhancement in My, distribution at 2.3 GeV/c? for
these events imply the admixture of events from previous case. Analyzing
M, » and My, invariant mass spectra we estimated the cross sections of
both subprocesses to be:

e 0.82 % 0.15 mb for quasi free pp — drt subprocess and
e 0.17 4 0.06 mb for intermediate pN — NA* subprocess.

The above determined total cross sections of quasi free np — drntw—
and pp — dx7 reactions enter well into the energy dependencies of cross
sections of these reactions on free nucleons, similarly as in the quasi free
np — ppr~ case. The energy dependencies are presented in Fig. 9. We can
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furthermore say that the ONE in reactions (D2) and (D3) proceed domi-
nantly through the quasi free np — drtx~ and pp — d=* processes, but
in reaction (D3) also the A production in pN — NA™ is quite significant.

The protons in reaction (D2) and the neutrons in reaction (D3), re-
spectively, are spectators in above selected quasi free np resp. pp processes.
Their momenta distributions (Fig. 10) are well described by the Paris DWF
up to 0.4 GeV/c. The excess of the observed values over the calculated ones
in the high momentum region according to (8) was in both cases less than
3%.

Their angular distributions (Fig. 11) could be well described according
the formula (4), when the influence of flux-factor and the o(s) dependencies
(from Fig. 9) were taken into account. The energy spread because of Fermi
motion is As = 4kpkmax. The opposite inclines of angular distributions are
due to different and strong o(s) dependencies, while the influence of the
flux-factor has been found rather less important.

5. Summary

The reactions with one-pion and two-pion production from dp interac-
tions were studied together with corresponding reactions from np interac-
tions at 1.7 GeV/c/nucleon. They were obtained in the same experimental
conditions, processed by the same methodic and compared with the follow-
ing results:

o Besides the general qualitative agreement in corresponding np and dp
reaction products characteristics there were observed differences, caused
by nuclear effects and different reaction mechanisms.

e The comparison enabled to determine the contributions of quasi free
nucleon-proton processes on nucleon bound in the deuteron. It was
shown, that all three analysed dp reactions dp — pppr~,dp — dpr T~
and dp — dnr ™ proceed mainly like quasi free processes and their cross
sections enter fairly well into energy dependencies of the cross sections
o(s) of corresponding reactions proceeding on free nucleons.

o By selection of quasi free nucleon-proton scattering events the spec-
tators were determined more unambiguously than by usual spectator
definition as the slowest nucleon in DRF only. Their momenta distri-
butions are well described by the Paris DWF up to 0.4 GeV/c. The
angular distributions agree also with the prediction, when we take into
account o(s) dependencies. The excess of observed values over the Paris
DWF prediction in high momentum part for quasi free nucleon-proton
interaction events, which is caused may be by exotic effects for these,
does not exceed 3%. It is rather less than such excess for all events
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from these channels, which is, however, less than this one in pionless
channel.

o It was shown that the spectatorless events from reaction dp — pppr ™
are rescattering products.

¢ The comparison of reactions dp — dprtr~ and np — dxtx—, simul-
taneously with the reaction dp — dnx™ analysis, enabled to separate
different mechanisms of pion production and deuteron formation in dp
reactions. The contribution of pion coherent production on deuteron
was registered and observed to be small, but in the agreement with the
data from other pd experiments.
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