




intermediate subsystems and includes the calculation of modified 
statistical weights of various final states. This approach allows to 
descri be simultaneously all open reaction channels in a wide en
ergy region (presumably from several hundreds MeV up to several 
GeV). The quasifree interaction of a projectile with nucleons of a 
target nucleus takes into account their Fermi-motion corresponding 
to commonly used nuclear wave functions. (For the deuteron, the 
well known Paris deuteron wave function is used.) More compli
cated mechanisms including excitation and rescattering of hadrons 
in intermediate states are described in a phenomenological way as 
excitation and subsequent decay of hadronic subsystems. Several 
free parameters of the model are fixed to suit the wide range of 
existing experimental data on proton-proton and proton-nucleus 
collisions [5] - [8]. The model is realized in a form of the computer 
code, resulting in calculation of three-morpent.a of all final-state 
particles for each event. Therefore, the model is especially useful 
as an event generator for the Monte-Carlo simulation of a process 
to be studied at an experimental facility, since it produces both the 
events of the process under study and the events of the accompa
nying "background" processes in the same approach. 

Measurement Conditions. The experimental setup is shown in 
Fig.I. The main part of the setup is the achromatic system of 
three dipole magnets Dl, D2, D3 arranged along the internal beam 
of the storage ring. Two of the magnets are used as spectrometric 
ones: Dl for backward ejectiles and D2 for forward ejectiles coming 
from the target placed in the accelerator internal beam between D 1 
and D2. The D2 gap restricting the acceptable phase space in the 
forward direction is equal to 20 em. The strength of the equivalent 
homogenous magnetic field of D2 was taken to be 1.58 T. D 1 and 
D3 are identical with a gap of 9 em and with the same magnetic 
field strengths. For particle detection in the forw'ard and backward 
directions the forward (FD) and backward (BD) detector systems 
will be used. 
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Fig.1. Scheme of the detectors arrangement for deuteron break-up 
study at ANKE. 



The basic geometrical paralneters of the detector systems are 
given in [4]. It is only.worth adding that the forward scintilla
tion hodoscope (8) of size 68(W) x 36(H)cm2 and consisting of 10 
counters 2.0 cm thick, was used for the simulation. The transverse 
dimensions of the hodoscope counters were different. The first 4 
counters that are closer to the vacuum chamber of the accelera
tor are of 3.5, 4.5, 5.5, 6.5 cm width respectively. The other six 
counters are 8 cm wide each. 

A code GEANT [10] was used to describe the setup and to trace 
particles. The generation conditions were the same as in [4]. 

A particle was considered as detected if it passed through all 
coordinate detectors in the FD or BD arm and reached the second 
plane of the scintillation hodoscopes. Three sets of 'detected' parti
cles were considered, i.e. particles detected only in the FD, only in 
the BD, and simultaneously in the BD&FD. The emission angle 
of all particles in the forward cone (FD) was limited to {) < 100 

• 

The latter condition was not used in [4]. 

Initial Data. The generated events are grouped into three data 
sets: 

f - with at least one positive charged particle in the final state 
emitted into the forward cone {) < 100

, 

b - with at least one positive charged particle in the final state 
emitted into the backward cone {) > 165 0

, 

c with simultaneous emission of a positive charged particle 
into the cone {) < 100 and another one into the cone {) > 1650 

• 

Table 1 lists the differential cross sections derived within the 
ROC model and integrated over the above-mentioned solid angles, 
O"i(.6J!) mb, for the most significant pd interaction reactions at Tp = 
2.5GeV. 

The reactions gi ven in Table 1 were regarded as background 
ones in relation to the deuteron break-up reaction pd ---+ ppn, and 
a possibility of separating the process from this background was 
examined. 
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Table 1. ROC model cross sections D"i(.6.0) mb of different pd in
teraction channels at Tp = 2.5 GeV. 

pd --+ ... D"i(.6.0) (f) mb D"i(.6.0)(b) mb D"i(.6.0)(C) mb 

pd 7.94 < 10-5 < 10-5 

ppn 13.18 0.204 0.121 J 
ppn7r° 2.52 0.074 0.025 
pnn7r+ 3.12 0.075 0.007 
ppp7r - 0.87 0.023 0.019 
pd7r+ 7r 0.21 0.004 0.001 

I ppn7r+7r 2.46 0.050 0.024 
ppn7r°7r° 1.42 0.028 0.009 
pnn7r+7r° 1.49 0.022 0.004 
PPP7r-7r° 0.76 0.013 0.010 

Applicability of the ROC Model. To check the reliability of 
the data derived by the ROC model, the calculations were com
pared with the experimental hydrogen chan1ber data. The initial 
data for the code GEANT were the pd interaction events gener
ated by the ROC model at Tp = 1.0 GeV. Momentum spectra of 
the particles detected in the forward detector (FD) were obtained. 
Then the spectra were compared with those from [4] obtained with 
the HBC data. 

In Fig. 2a,b there are the momentum spectra of particles from 
different reactions detected by the forward hodoscope. They were 
derived by simulation for two versions of the initial data: a) for the 
events obtained by the ROC rnodel, b) for the real experimental 
HBC data. Unlike the HBC data, the simulated data include the 
elastic channel without losses. (The spectrum of particles from the 
elastic channel is not shown in Fig. 2.) The ROC model spectra at 
Tp = 1.0 GfeV agree with the experimental data [4] well enough to 
find the acceptance and other characteristics of the setup. 

Spectra of Secondaries. Identification of particles in the BD ho
doscope was already discussed in [12], (11), [4], therefore in this pa
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per we speak in more detail about spectra of particles detected in 
the forward detector. 

The distribution of all detected particles along the hodoscope 
transverse axis is presented in Fig. 3. The shaded area corresponds 
to background events. 

Table 2. Inclusive integrated cross sections (mb) for particles de
tected in the FD hodoscope counters. The number of the counter 
increases with increasing distance from the beam. 

I Ncou.nter I /::"Ubg (p) I /::"uppn (p) I /::"Ubg ( 1r) I 
#1 0.532 0.248 0.0027 
#2 0.608 0.316 0.0068 
#3 0.652 0.376 0.0060 
#4 0.631 0.426 0.0086 
#5 0.555 0.466 0.0186 
#6 0.384 0.353 ·0.0152 
#7 0.328 0.214 0.0162 
#8 0.248 0.0057 0.0187 
#9 0.109 0.0004 0.0193 
#10 0.037 0.0002 0.0185 

I Total 4.08 2.40 0.14 

Table 2 lists relative counting rates through the forward ho
doscope (FD) counters expressed in mb as cross sections integrated 
with regard to detection probability ci(P); 

/::"Ui = f dd~ ci(P) dp'.
Jao p 

The relative counting rates are given separately for protons 
from the deuteron break-up reaction /::"uppn (p), background protons 
~Ubg (p) and 1r+-mesons ~Ubg(1r) from all other reactions detected 
by the forward hodoscope at Tp = 2.5 GeV. At the luminosity 
L = 1.0 . 1030 cm-2 8-1 the integral absolute counting rate in the 
forward hodoscope is R = 6.5 mb . L = 65008-1 • 
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In Fig. 4a,b there are shown the momentum spectra of particles 
in the forward hodoscope. As compared with Tp == 1.0 GeV [4], the 
cross section for production of pions (~0'7I"+ == 0.02 mb) increased by 
about an order of magnitude (~0'7I"+ == 0.14 mb) and their momen
tum spectrum became wider (overlapping the momentum spectrum 
of protons from different channels up to 2 GeVIc). 

Figure 5 displays momentum spectra of pd -+ ppn reaction pro
tons detected by coincidence in the forward ( a) and backward (b) 
hodoscopes. The counting rate for these events at the above lumi
nosity is R == 0.4 S-I. (At Tp == 1.0 GeV it equals to R == 1.28-1 

[4]). 
In figure 6 there are shown the inclusive momentum spectra of 

pions (from background processes) and protons from the deuteron 
break-up reaction in the forward hodoscope. In the upper left win
dow there are total spectra, in the others there are spectra for indi
vidual counters which number increases with increasing the distance 
between the counter and the internal proton beam. The spectra in 
the first two counters are the same as in the 3rd one, and they are 
not shown in Fig. 6. It is evident from the spectra and Table 2 
that in some hodoscope counters, especially in the three most dis
tant from the vacuum pipe, the pion background becomes strongly 
dominating over the protons from the deuteron break-up. To il
lustrate, for the reaction in study the ratio ~O'ppn (p) : ~O'bgC7r) 
in these counters is 1:10. This relation in the momentum range 
1.0 -;- 2.0 GeVlc becomes nearly equal 1:1 for the events detected 
in coincidence. Momentum spectra of protons in the forward ho
doscope, from the reaction pd -+ ppn and 7r+ mesons from the 
background pion production processes (presented in table 2), are 
shown in figure 7. It is seen, comparing with inclusive spectrum 
(see fig.6), pion background is decreased in absolute value. But for 
the separation of the deuteron break-up reaction in the momentum 
range 1.0 -;- 2.0 GeVic, it seems necessary to suppress pion back
ground in the forward detector. 

This is important, since the forward protons from this momen
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tum interval detected in coincidence with the backward protons 
correspond the pd interaction with high value of Fermi momentum 
in the deuteron involved. From the physical point of view just these 
kinds of interactions are the most interesting [3). 

Possibility of Background Suppression. As it was mentioned 
above, the momentum range of the particles detected by the FD 
hodoscope is 1.073.3 GeVjc at the beam energy 2.5 GeV. The mo
mentum range in the backward BD hodoscope is 0.1570.50GeVjc 
and is only slightly dependent on the initial energy. Because of dif
ferent kinematic conditions for particle detection, the identification 
methods will be different in the forward and backward detectors. 
The problems of the background suppression and particle identifi
cation in the backward hodoscope were studied in [4]. The pion 
background suppression in the FD hodoscope by flE counters and 
a TOF system is obviously of poor efficiency. 

The possibilities of the separation of the pd --+ ppn reaction from 
the pion production processes were considered in [13]. It has been 
done with the simulation on the basis of the pd interaction events 
generated by the ROC model at Tp = 2.5 GeV. It was shown that at 
the 'off-line' data processing it is possible to identify unambiguously 
the studied process, using missing-mass spectrum calculated for two 
protons detected in coincidence. At these calculations the proton 
identification was supposed as perfect and the expected missing
mass resolution was taken into account. 

The missing-mass spectrum for a case of pion misidentification 
as protons was calculated in present paper. The main source of 
7r+ mesons in the forward detector is the pd --+ p7r+nn reaction. 
Calculated missing-mass spectra for the mesonless break-up and 
break-up with 7r+ production are shown in figure 8. The events 
are taken from the class of coincidence (c) in the momentum range 
1.072.0 GeVjc. It is seen that the background of such type is rather 
low and cannot distort the pd --+ ppn data even if the expected 
resolution (FWHM = 60 MeV for the neutron peak in the missing
mass spectrum) were taken properly in account. 
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Conclusion. To optimize the experimental setup, the measure
ment conditions for the deuteron experiment are simulated with pd 
interaction events generated by the ROC model at Tp =: 2.5 GeV. 
The background conditions for the break-up reaction pd -+ ppn are 
studied. Comparison of the model calculation and the experimental 
data from the I-m HBC confirms the validity of the ROC model 
under the conditions in question. 

The main conclusions are the following . 
• Counting rates are estimated (in absolute value) for different par
ticles in separate counters of the forward hodoscope. The event rate 

2for the break-up reaction at the luminosity L =: 1.0 . 1030 cm- S-1 

with a trigger being the coincidence of the forward and backward 
hodoscopes is ~ 0.4 events· S-1, that differs but slightly from that 
at Tp =: 1.0 GeV . 
• It is shown that the pion background may be significant in the low 
momentum region 1.0 -;- 2.0 GeV/ c of the FD hodoscope. However, 
using the missing mass spectra analysis the 71"+ background can be 
minimized substantially and therefore should not distort the break
up data. 

Thus, as was expected, the conditions for study of the pd in
teraction processes become more complicated with increasing the 
beam energy above Tp =: 1.0 Ge V. For example, the counting rate 
of charged particles through the forward detector increases by sev
eral times and the pion background becomes substantial at the low 
momenta of particles. Yet, these factors cannot hinder the investi
gation of the mesonless deuteron break-up at the ANKE spectrom
eter even at the maximum energy of the COSY beam. 
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