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, M.Di Toro 3 
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Starting from the equations of motion of a simple sy..stem possessin~ the properties of 
elastic and plastic bodies, we reconstruct its Lagrangian and Hamiltonian functions and also 
the so-called Rayleigh dissipation function. This allows us to find the rate of the system 
<<heating>> and to analyse the fluctuations of the basic observables. In this way a rather general 
scheme of solving analogous problems in more complex elastoplastic systems is established. 

The paper gives a basis for studying open problems in the nuclear fusion and heavy-ions 
quasi-elastic collisions processes. It may be applied also for the theoretical treatment of 
dynamical problems in the other mesoscopic systems of fermions. 

The investigation has been performed at the Bogoliubov Laboratory f Theoretical Physics 
and Laboratory of Nuclear Problems, JINR in collaboration with INFN (Catania, Italy). 

)lHCCHD3l{HJI KOJIJieKTHBHOH 

3HeprHH H l}myKyY3l{HH 

B 3JI3CTOWI3CTII'IeCKHX CHCTeMaX 

T.H.MuxauJw6a, H.H.MuxauJZo6, M. /(u Topo 

6epll Ja OCH08Y ypa8HeHHJI Jl8HJKeHHll npOCTOH CHCTeMbl, OMaJiaiOUJe - C80HCTBaMH ynpyrnx 
H IUiaCTH'IeCKHX TeJI, Mhl 80CCTaHaBJJH8aeM ee cpyHKUHH flarpaHJKa H f aMHJJbTOHa, a TaKJKe 
JlHCCHnaTH8HyiO cpyHKUHIO P3Jiell. 3To n0380JIJieT HaM HaHTH CKOpDCTb << Harpe8aHHJI >> CHCTeMbl 
H npOaHaJIH3Hp08aTb cpnyKTyaUHH OCH08HblX Ha6JIIO)laeMhlX. TaKHM o6paJOM YCTaHaBJIH8aeTCJI 
JlOCTaTO'IHO 06Wal! CXeMa peweHHll aHaJIOTH'IHblX npo6JieM 8 6oJI e CJIOJKHbiX 3JiaCTO­
IUiaCTH'leCKHX CHCTeMax. 

B pa6oTe npeJicTaBJieH MeTOJl HJyqeHHll npo6neM, 80JHHKaiOWHX 8 npoueccax CJIHliHHll 
JIJlep H K8aJHynpyrnx CTOJIKH08eHHH TlllKeJiblX HOH08. 0H MOJKeT 6biTb TaKJKe HCnOJih308aH JlJ(ll 
TeOpeTH'leCKOfO OnHCaHHJI JlHHaMH'leCKHX Ja)la'l 8 HeKOTOpblX Jlpyrnx CHCTeMaX, COCTOJIWHX H3 
60JibWOfO, HO KOHe'IHOfO 'IHCJia 'laCTHU. 

Pa60Ta 8hinOJIHeHa 8 na6opaTOpHH TeopeTH'leCKOH cpH3HKH HM. H. .6oroJII06o8a H na6o­
paTOpHH liJiepHhlX npo6neM, Ol-UIH 8 KOJIJla6opauuH c HauuoHaJihHhlM HHCTHryTOM liJlepHoii 
cpH3HKH (KaTaHHJI, J1TaJIHll). 

Laboratory of Nuclear Problems, JJNR, Dubna 
2Bogoliubov Laboratory of Theoretical Physics, JJNR, Dubna 
3Laboratorio Nazionale del Sud, INFN, Catania, Italy 
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1. Introduction 

Elastoplastic materials are well known in nature. Their name signifies that these 
materials combine properties of elastic and plastic bodies. As the first, they respond with 
an elastic force restoring and initial configuration when they are brusquely disturbed, but 
as plastic materials they easily change their shape under an external pressure. 

The mathematical studies of elastoplastic materials date to the time of Maxwell. Most 
of such studies concern macroscopic bodies for which the plasticity is a well understood 
property. However, for about a decade one discusses in the literature the elastoplastic 
properties of atomic nuclei [ 1 ], [2]. The microscopic (quantum) nature of nuclei demands 
some additional formal study of such systems. A study of this kind is presented in this 
paper on the basis of very simple equations of motion describing an elastoplastic dynamics. 

The modd considered below is similar but much simpler than the models describing 
nuclear elasto-plasticity. However, it allows some qualitative comparison with more 
realistic nuclear inodels and may be eventually generalized to study the nuclear processes 
in a quantitative way. One may think also that algorithms formulated in a way which is free 
from complications of a specific model may be used outside the realm of the nuclear 
physics, probably in the molecular physics and in the physics of atomic clusters. 

The paper is organized as follows: 

- In Section 2 we give a general description of elastoplastic systems and present the 
equations of motion of a simple elastoplastic system which will be subjected for 
examination. The model is compared with the one describing collective dynamics in the 
nuclear fusion process. 

- In Section 3 we give a Rayleigh-Lagrange form for the equations of motion. 

-In Section 4 we define the collective Hamiltonian and study the rate of the collective 
energy dissipation. · 

- Section 5 is devoted to the study of the fluctuations of the collective energy in the 
system analysed before. The Langevin-type equations are formulated for collective 
variables. We find that the fl uctuations of some of collective variables are suppressed at the 
beginning of regaining the equilibrium state. 

- We finish the paper with a short conclusion. 

2. Elasto-Plastic Sys tems and Nuclei 

Consider a system described by the equations 
1 .. (X 

2 Q+2Q=n, (1) 

. A . 1 
n+1Q=--:tn. (2) 

The right-hand side of Eq.(l) plays a role of a part of the force affecting the physical 
quantity Q(t). The second of these equations may be transformed to an integral form giving 
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(3) 

and showing that this part of the force is determined by the evolution of the system during 
the preceding period of time of the order of 't. One may say that the ystem «decides» what 
to do in the next moment recollecting information on what had hap ened to it before. For 
this reason this system could be called also as a system with a «memory». Thus, the 
parameter 't determines the memory scale. In the processes going slowly in this scale (in 
adiabatic processes) the system described by Eqs.(l ), (2) follows in its evolution an 
equation of motion of a vibrator with the frequency -{(i (a> 0) damped by the friction force 
xQ(t) where x = -r~ I 2: 

1 ·· · a 
2Q+xQ+ 2 Q=o. (4) 

When x2 ~ a, vibrations are overdamped, and the. body is plastic. 

The fast (diabatic) processes in the same system proceed as if the system were an 
elastic body (see Ref.2): 

Q +(a+ ~)Q = 0. 

In this regime the vibrational frequency is renorrnalized and is equal to n =...fa+ ~. 
Choosing an appropriate time scale one may always transform t e parameters in Eq.(1) 

and Eq.(2) in such a way that I a I = 1. The elastoplastic properties are then well 
pronounced when ~ >> 1. The «memory» scale parameter 't determines the division of the 
perturbations into the slow and the fast ones: subjected to fast perturbations the system 
reacts as an elastic body, in the other case- as a plastic one. 

The evolution of the system described by Eqs.( 1),(2) is demonstrated in Fig.1 and 
Fig.2. Here the time dependence of Q and n variables is shown for a «large» value of ~ 

.-. .... 
a 

1 .• 

1.2 

4,,0 

:;:;­
c:o.o 

ex = 1.0 
p = 42.5 
I= 0.5 

Fig. I. Above: time dependence of Q variable; 
below: time dependence of n variable for 
a= I, ~ = 42.5 andy= 0.5 

..-.. 1.0 .... a 
O.G 

4.0 

..-..2.0 .... c 
0.0 

ex = 1.0 
fJ = 42.5 
'Y = 2.5 

-2.0 -+0.:...-.......... -.--6.,.-.- ..--.-1.-0 ......,.-,--~15:-r-.,......,-r-:2~0 

t 

Fig.2. Same as in Fig. I for a= I, ~ = 42.5 and 
for y= 2.5 



8 Mikhailova T.l. et al. Collective Energy Dissipation 

and for two different values of y = t-1
. Elastic properties are more pronounced for small 

values of y, but are distinctly seen even when it becomes comparable with the «diabatic» 
vibrational frequency v'rf. 

Regarding the nonzero starting values of Q and Q(t) variables as a result of 
instantaneous external perturbation, one may say that an external force applied to such a 
system produces at the beginning phenomena typical for elastic bodies. The final part of the 
evolution process corresponds to an exponential decrease of the absolute value of the 
variable Q (when a> 0). Hence, the way of coming to the equilibrium state of this system 
reveals its plastic properties . 

Experiments using heavy ions with energies close to the Coulomb barrier performed 
during the last decade reveal rather unexpected nuclear properties. Depending on the 
experimental conditions, colliding heavy nuclei behave either as elastic bodies or as bodies 
made of a very· plastic material. The studies of nuclear elastoplasticity have already a certain 
history [I], [2]. Equations (l) and (2) of the previous section have essentially the same 
structure as those ·obtained in Ref.2 for the description of the nuclear fusion. In application 
to the process, the elements in these equations have the following meaning: 

a) The quantity Q(t ) is the Q(r)2 0 component of the nuclear quadrupole mass tensor; 

b) The quantity n(r) is the (A., J..L = 2,0) component of the intrinsic kinetic energy tensor; 
c) The quantity a Q(t) in Eq.(l) substitutes the term in the corresponding equation 

considered in Ref.2 originating from the deformation dependence of the nuclear self­
consistent potential V(r , t). The origin of the quantity (~I 2)Q(t) in Eq.(2) lies in the 
coupling between the time dependent deformations of the geometrical and Fermi surfaces; 

d) The parameter t is nothing but the mean relaxation time appearing in the 
approximate expression for the «collision» or «relaxation» term in the microscopic theories 
based upon the kinetic equation . 

For small Q values the model of Ref.2 gives a good description of nuclear giant 
quadrupole resonance [3]. The width of GQR in the daughter nucleus for the system of two 

fusing 58Ni nuclei is well reproduced when y=h/t=2.5. The same equations [2] yield 
~ = 42.5 for the same fusing system. 

The nuclear elastoplasticity reveals itself in a number of ways. It determines the 
conditions for the fusio n and explains the «extra push» phenomenon [4]. [5]. It explains the 
anisotropy of y-radiation from the low-spin fraction of fused nuclei. 

The model of fusion formulated in Ref.2 allows a relatively simple numerical analysis 
and leads to a number of nontrivial predictions concerning the nuclear fusion. Having 
evident merits this model is, however, limited in its application for various reasons. One 
particular drawback of the model: it treats the collective processes taking place in nuclear 
reactions in a purely classical way. The equations of the model define a classical 
«trajectory» of the system which, at best, may be associated with some mean characteristics 
of the process. In quantal systems as nuclei, the fluctuations around the mean values play 
an important role. 

The study of fluctuations in an elasto-plastic system is one of the subjects of this paper. 
There is another problem which we want to solve in this paper: the determination of the 
collective energy assoctated with the motion in the elasto-plastic system of the type 
described in Ref.2. 
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3. «Raylei g h-Lagrange )) Form of Equation s of M o t io n 

To know the partition between the collective energy and the energy of intrinsic 
(statistical) excitation one must render the equations of motion a form as close as possible 
to a canonical Hamiltonian form . It turns out that it is easier to arrive first at the Lagrangian 
form of such equations and then to use the well-known algorithms to pass to the 
Hamiltonian form. 

To render a canonical form to Eqs.(l ),(2), let us consider the O(t) variable in these 
equations as a generalized velocity, introducing a generalized co-ordinate Z(t) such that: 

O(t) = Z(t) . (5) 

Then Eqs.(l),(2) become 
.. . 
Q + aQ - 2Z = ~, 

4 .. . z 
[3 z + 2Q =- 4 "C~ •. (6) 

If the right-hand side of the second of Eqs.(6) were equal to zero, these two ·equations 
would satisfy the conditions at which their standard Lagrangian formulation is possible [6]. 
The expression in the right-hand side could be also incorporated in the Lagrangian 
formulation . One may do it in the same way as one treats the friction force [~] by 
introducing two functions: the Lagrangian function 

L = M Q <ii - aQ2
) + 2M ( .!_ Z2 + ZQ) 

2 Q ~ 
(7) 

and the dissipation function 
MQ . 

L=2 - z2 
"C~ , 

(8) 

where MQ is an arbitrary constant to be fixed later on. 

4. Collective Energy 

Now, we introduce the generalized momenta P . = ()L j ()Q . an the Hamiltonian function 
I I 

The standard technique of transforming the Lagrange equations to the Hamiltonian form 
applied to the system, in which the dissipations function operates, leads to the following 
equations 

. a 
Q =-H 

i ()P . coli' 
I 

From these equations it follows: 
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d · a1: -H - ~Q­
dt coli - - ~ i aQ .. 

I I 

(9) 

Using the above relations and the expressions of the previous section, one arrives at the 
definition of generalized momenta 

PQ=MQQ, Pz=2MQ( ~Z+Q) 
and at the following expression for the Hamiltonian function 

_.!.[_1 J ~(i ]2 Hcoll-2 MQ +aMQ~ + 2 2MQ -Q . 

In this way one obtains a new form of the equations of motion 

. p 
Q = .:_Q 

M' 
Q 

. ~ 
PQ= - MQ(a+~)Q+ 2 Pz, 

Z=(~ J( ::a -Q} 
. ::Q ~-Q . M ( Pz l Pz=-2 't 2MQ 

(10) 

(11) 

(12) 

(13) 

We associate the instantaneous value of the Hamiltonian function defined in Eq.(ll) 
with the energy of collective motion accumulated in the system. Expressed in terms of the 
variables Q, Q and n the collective energy becomes 

-~(;.;). ..--2 ± 2) Ecoll.- 2 l.l + <X!.t + ~ n . (14) 

The first term in this expression may be interpreted as the kinetic energy of the 
collective flow, while the second is the deformation potential energy. Hence, the parameter 
M Q in the Hamiltonian must be equal to the effective mass parameter of the collective flow 

in scrutiny. In the model described in Ref.2 and discussed in the previous section this is the 
mass parameter of a potential flow of nuclear matter, and a is given by the action of the 
surface and Coulomb potentials. 

The last term in Eq.(l4) is a part of the collective energy issuing from deformations of 
the Fermi surface of the system. It may be regarded then as a collective part of the 
intrinistic (kinetic) energy. 

Collective energy constitutes in elastoplastic systems only a part of the total excitation 
energy, the rest of it bemg the energy of statistical excitation of the system. The collective 
energy is not conserved in such systems due to the relaxation phenomena associated with 
the finite value of the mean-relaxation-time parameter 't. The energy conservation law 
implies that the decrease of the collective energy is accompanied by the heating of the 
system. An example of the energy partition into different channels is shown in Fig.3 as a 
function of time. Notice the strong contribution of the collective · intrinsic energy (in 
addition to the kinetic energy of collective flow) to the total energy of the system at small 
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Fig.3. Partition of the total energy into 
different channels: I) thermal energy £ 0 - Ecoll• 

. . . . 2D2 

2) mtnns1c collective energy Eintr = M Q T ' 

3) potential energy E q = M Q ar, 4) kinetic 

energy of collective flow £ 100 = MQ% 

1.5 

1.0 

0.5 

' 

11 

-- Eo-E-
--- E_,. 

E, 
-------- E-

-- -- .... 
time when the regime of the motion has 
an elastic character. Only after the 
installation of the plastic (viscose) regime 
at larger time these two components of 
the energy disappear, and the temperature 
is well defined by the potential energy of 
the system. 

0.0 ...j'l,.-.->M-+-~.....;..:,~...,.....;...,_-T"St:.:,.-T"-t'"=;:--.:.:-;:;:-;;;..,::-:,..:::;-o,-J 
0.0 0.5 1.0 ' 1.5 2.0 2.5 

t(a.u.) 

5 . Fluctuations in Classical Elastoplastic Systems 

Equations (1), (2) chosen here to describe an elastoplastic system give a very limited 
information of such a complex many-body physical object: the time evolution of some 
collective degrees of freedom of it. The dissipation of the collective energy signifies an 
interaction of these degrees of freedom with the numerous others. The description given by 
these equations may be called «macroscopic» as, for example, one calls the description in 
terms of the friction force of a massive (Brownian) particle propagation through the liquid 
[7) . When the size of the Brownian particle decreases, the quality of such a description 
diminishes. To learn more about the motion of a «small» system, one must pass from the 
«macroscopic» to «microscopic» description. In this section we make a step towards it for 
our «elastoplastic system>> following the standard techniques established for the study of the 
Brownian motion . 

Let us introduce a «microscopic» Hamiltonian 

H . =H 11 -ZFr-+Hr-, 
ffi!CT CO -, -, 

(15) 

where Hcoll is the collective Hamiltonian of Eq.(ll) and H~ is an «intrinsic» Hamiltonian 

operating in the space of intrinsic co-ordinates and momenta (~) . With the chosen form of 
the coupling term (- ZFr.), the Hamiltonian H . leads to the same equations of motion as 

-, ffi!CT 

in Eqs.(12) and in the first of Eqs.(l3). The second of the latter equations takes the form: 

(16) 
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Now, we suggest that averaging of the «microscopic>> Hamiltonian in the microscopic 
details of the intrinsic motion leads to former equations of motion, Eqs.(I0-13). The 
average of the function F~ itself is a function of instant values of the collective variables. 

Pursuing our aim to find out more about the motion than we can learn from the equations 
for averaged in the intrinsic motion quantities, we write 

F~ = F~ + oF(t), (17) 

where OF(t) = OF~(~(t)) is given by the intrinsic dynamics. We consider this quantity as a 

«random» function changing fast with the time. 
We are looking now for the solution of equations of motion writing the unknown 

functions Q(t), P Q(t), Z(t) and P .j..t) in the form: Q(t) = Q(t) + oQ(t), etc. 
-. --

From our definitions it follows that oF(t) = 0. Consequently, the equations of motion 
for averaged quantities coincide with those which we have introduced (e.g., with 
Eqs.(l2),(13)) for the quantities carrying no averaging mark. 

The evolution of the quantity oQ is given by: 

d3oQ +! ti&Q +(a+~) doQ + ~ oQ = _L oF(r) 
dt3 't dt2 st 't 2M Q 

and oQ(t) may be written a<; [8]: 

where: 

t 

oQ(r) = _L
2 

f dr'G(r- r')oF(t'), 
MQ o 

1 • { • [ (a2-a 1) )} 
G(t) = 2 2 exp (-a 1 t) - exp ( -a2t) cos (bt) + b sin (bt) . 

[(a 1 -a2
) + b ] 

(18) 

(19) 

(20) 

In Eq.(20) the following notations are used: A
1 
=-a 

1
, A

2 
= -a

2 
+ ib and A

3 
= -a

2 
- ib; Ai 

being the roots of the third order algebraic equation 

A3 +.!. A2 +(a+ ~)A+~= 0. (21) 
't 't 

The quantity oQ(t) determines also the other functions entering into the collective 
energy (14) and in particular oP Q(t). Obviously, the averaging of solutions renders the 

quantities oQ(t) and oP Q(t) equal to zero. However, the average values of (oQ)2 and 

(OP ~2 
are not equal to zero. To find these quantities one must calculate integrals containing 

the expression <l>(t- t') = oF(t)oF(t'). 

To do it, we assume that the function OF(t) changes fast with the time, and that the 
following approximation for the function <l>(t- t') may be used: 

<l>(t - t') = ~o(t- t'), (22) 
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where the quantity cr2 = ~T measures the amplitude of perturbations introduced by the 

random force oF(t) . Then 

[ 
p ]2 t 

(oQ(t))
2 

= ;;Q ! dt'G(t- t')
2
T(t ') . (23) 

The value of parameter a in Eq.(22) may be determined from the thermal equilibrium 
conditions between the collective and intrinsic motions, just as in the case of the Brownian 
motion. We remind that the last term in the expression (14) for the collective energy 
represents intrinsic degrees of freedom. The fluctuating force oF(t) contributes, in particular 
a term 

oE Q (t) = MQ ( o(i + aoQ2 ) 
coli 2 . 

(24) 

to the part of the collective energy which represents .the «Q» deg~ee of freedom in the 
collective Hamiltonian in Eq.( 11 ). 

In the case of the thermal equilibrium with a medium (i . . , with the ensemble of 
intrinsic degrees of freedom) at the temperature T (which is here supposed to be s~fficiently 

high) the system must accumulate on the average an energy oE ~ 11(T) = kT, where k is the 

Boltzmann constant. Equating oE ~11 (t ~ oo) = (cr)2d with the latter expression one finds: 

2 kT 
(J =~- (25) 

Suggesting a Gauss distribution of the fluctuating quantities one may find the prob­
ability of deviations of these observables from their positions on t e macroscopic trajectory 
[7]. In systems with strongly accentuated elastoplasticity, where P >>a and --Ji3 >> 1 /2't, 

the quantity oQ2 regarded as a function of 

time lags behind oQ. 2 in its saturation 1.0 

properties during the time 0 < t:::;; 'tp / a ..--
(Fig.4) . As a result during this time // 

interval the averaged fluctuation energy in °·8 
/ 

Eq.(24) remains lower than kT. One may 
say that the temperature determining the 0 _6 
statistical properties . of quantities 
depending on Q and Q and defined as - - - - -- -_.:-- =-- -=---= --=--~-

Fig.4. Time dependence of averaged fluctuating 
collective energy in «Q» channel ~ 

devided by its asymptotic value oEcon(t --too) 

and of the functions oEpot = ,j oQ2 and 

OEkin=M 

o.• 

0.2 

0.0 
0 

/ 

' ' ' 
-.--~---~----------~~ 10 20 30 

t(a.u.) 
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kT • = o£ ~11(r) is lower than the instantaneous value of the real temperature T(t) in the 

system during the time interval 0 < t :5: "!~I a. 

6 . Concluding Re marks 

Above we suggested a wo-t_, iu render the equations of a simple elastoplastic system a 
form close to the canonical i-l..ur:11tonian form. The algorithm of this procedure may surely 
be used in more complex anc. more realistic situations like the one met in the description 
of the heavy-ion fusion. 

In this way we succeeded to establish the partition of the energy of an elastoplastic 
system into the collective and statistical components. This allows us to determine the time 
dependence of the temperature of the system. Our studies show that the temperature is not 
always given by the energy transmitted from the collective degree of freedom related with 
the system's geometry: a part of the collective energy is accumulated by the intrinsic 
degrees of freedom. 

Another point which we consider to be of importance is a certain advance achieved 
here in treating the fluctuations in an elastoplastic system. We show that during the time 
when the elastic properties of the system dominate the motion, the fluctuations in the 
collective channel are hindered due to its coupling with the channel of intrinsic excitations. 

These observations could be very important for studying the conditions for the heavy­
ions fusion and the accompanying processes such as the radiation generated by their 
heating. These preliminary conclusions demand further analysis, and we are planning to 
start it without much delay. 
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CHCTEMA~HArHOCTHKH 

QHPKYJIHPYIOIIJ;ErO nyqKA HYKJIOTPOHA 
HA OCHOBE MHKPOKAHAJihHhiX TIJIACTHH 
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B.C.Kopo.11es, K.B.Muxafuos, C.B.Ce.Mawico 

OnHCaHa KOHCTpYJCI.tiDI CHCTeMbl AHarnOCTHKH I.tHpKyJI~PYJOUiero II)"'Ka HYJC1IOTPOHa J1B3 
01-UJH Ha OCHOBe MHKpoKaHaJibHbiX nJiaCTHH. npeACTaBJieHbl TeXHHqeCKHe xapaKTepHCTH~H H 
peJyJibTaTbl 3KCnJIYaTai.tHH CHCTeMbl. 

Pa6oTa BbinOJIHeHa B J1a6opaTopHH BbiCOKHX 3HeprnH 01-UIH. 

Diagnostics System of the Circulating Beam 
of the Nuclotron Based on Mierochannel Plates 

A.A.Baldin et al. 

The construction of the diagnostics system of the circulating beam of the LHE, JINR 
Nuclotron based on microchannel plates is described. Technical characteristics and results of 
maintenance of the system are represented. 

The investigation has been performed at the Laboratory of High E ergies, JINR. 

1. BBeJJ:eHHe 

K OCHOBHbiM IIapaMeTpaM, KOHTp011HpyeMbiM IIpH HaCTpOHKC H 3KCIIJiyaTllUHH YCKO­

pHTCmi, OTHOCgTcg HHTCHCHBHOCTb H IIpOCTpaHCTBCHHbiC xapaKTep HCTHKH II)"'Ka (IIpOcpHJIH, 

pa3Mepbl, IIOJIOJKCHHC UCHTpa TgJKeCTH). IlpH 3TOM oco6oe BHHMaHHC YLieJigeTcg BOJMOJK­

HOCTH KOHTpOJig JlHHaMHKH YKaJaHHbiX IIapaMeTpOB B pe:lKHMaX HHJKCKUHH, yCKOpeHHg H 

BbiBOJJ:a ( 1), (2]. 

B paMKax IIOJJ:rOTOBKH JJ:eTeKTOpHoii 6aJbi ycTaHOBKH MAPYC51 Harna JaJJ:a"'a cpopMynH­

poBanacb KaK COJJJ:aHHC IICpCIICKTHBHbiX cpeJJ:CTB JJ:HarHOCTHKH II)"'KOB B lllHpOKOM JJ:HaiiaJO­

He HHTCHCHBHOCTCH (OT 104 
LIO 1012 Jap~OB Ja UHKJI), KOTOpbi H He IIepeKpbiBaeTcg cyme­

CTBYIOlUHMH cpe,UCTBaMH. nng perneHHg YKa3aHHOH JaJJ:a"!H HaMH 6 biJI H3fOTOBJICH H HCIIbiTaH 

IIpOTOTHII ,UeTCKTOpa HOHH3llUHOHHOro THIIa Ha OCHOBC MHKpOKaHaJibHbiX IIJiaCTHH (3]. 



16 baJIOUH A.A. u op. CucmeMa OUGZHOCmUKU 

J.1cnoJJbJosaHHe M K n s KoopnHHaTHbJX H speMeHHbrx neTeKTHpyroumx CHCTeMax llflll 

peweHHjf paJJJH'IHbiX H3MepHTeJJbHbiX 3alla'l ( 4-12), 8 'laCTHOCTH, JlJijf npOCpHJJOMeTpHH H 

cneKTpoMeTPHH nyqKoB Ha ycKopHTeJJjfX [ 13,14], noJBOJJjfeT peanHJOBaTb HX yHHKaJJbHbJe 

6 106 - 1 - 1 
B03MOlKHOCTH : 3arpy30'I Hble cnOCO HOCTH 110 '!aCT. ·CM ·C , npOCTpaHCTBeHHOe pa3pe-

WeHHe Ha yposHe - I 0 MKM, K03cp¢HUHeHT ycHJJeHHjf no I 08 
Ha wespoHHOH c6opKe, 

HH3KHH ypoBeHb C06CTBe HHbiX WYMOB H BbiCOKYJO panHaUHOHHYJO CTOHKOCTb. 

2. KOHCTPYKUJ.ijf npHHUHn pa60TW lleTeKTOpa 

neTeKTop ycTaHOBfleH Ha HeOXJJaliCllaeMOM yqaCTKe H)'KJIOTpOHa MelKJly JJHH3aMH 1n1 H 

7<1>2. nepen lleTeKTopoM, no HanpaBJJeHHIO UHPKYJJjfUHH nyqKa, pacnOJJOlKeHa CTaHUJ.ijf 

BHYTpeHHHX MHWeHeH, 'ITO nOJBOJJjieT Ha6JJJOllaTb llHHaMHKY BBOlla MHWeHeH. neTeKTOp 

pa3MelUeH B 60KCe H3 He plKaBeJOlUeH CTaJJH, KOTOpblH HMeeT 061UHH BaKyyMHbiH ofueM C 

pa6o<JeH KaMepoii ycKop HTeJJjf . Pa6o<J~ cpena neTeKTopa noll,lleplKHBaeTCji saKYYMHOH 

CHCTeMOH H)'KJIOTPOHa Ha ypoBHe 5 - J0-
7 

TOpp. 

Ha pHc.l noKaJaHa KOHCTPYKUHjf npH6opa, ¢YHKUHOHaJJbHO paJneneHH~ Ha nse <JaCTH 

- 3JJeKTpOCTaTH'IeCKYJO H perHCTpHpyromyro. 

PHc.l . KoHCTPYKUHll npH6o pa. I - nOJJo­

lKHTeJJbHO 33plllKeHHbiH 3JleKTpon; 2 - nap­

Hble 3JleKTpollbl, Bb1p3BHHB310WHe 3JleKTpO­

CT3TH'IeCKOe nOJJe ; 3 - Jan Hp310W3ll CeTKa; 

4 - p33pe3HOH OTpHU3TeJlbHO 33plllKeHHbiH 

3JleKTpon, C noTeHUHaJJOM BepxHeH CTOpOHbl 

nepaoif MKn 

3neKTpOCTaTHCTH'IeCK~ 'laCTb CJIYlKHT JlJiji 

TpaHCnOpTHpOBKH HOHH3HpOBaHHbiX aTOMOB 

OCTaTO'IHOro raJa nOll JleHCTBHeM O,llHOpOllHOrO 

3JJeKTpH4eCKoro nOJJji. 0Ha npe.ucTaBJJjfeT co6oii 

rpynny nJJOCKOnapanneJJbHbiX 3JJeKTpO,IlOB, Bbl­

nonHeHHbiX H3 nonHpOBaHHOH HeplKaBeromeH 

CTaJJH, H3011HpOBaHHbiX llpyr OT llpyra ¢Topo­

nnaCTOBbiMH JleTaJJjiMJ.i. 

PerncTpHpyrom~ 'laCTb BKJJJO<JaeT B ce6jf 

wespOHHYIO C60pKy, COCTOjilUYJO H3 .UByx MHK­

poKaHaJJbHbiX nJJaCTHH pa3MepOM 63x43 MM
2 

H 

nOJHUHOHHO-'IYBCTBHTeJJbHbiH aHOll . OepBOHa­

'laJJbHO aHOll COCTOjiJJ H3 BOCbMH npjfMOyrDJJb­

HbiX 3JJeKTpOllOB - naMeJJeH C pa3MepaMH 

38x6,4 MM
2

, nepeKpbJBaJOlUHX 'IYBCTBHTeJJbHYJO 

nJJOlUallb 2242 MM
2 

(59x38 MM
2). 

8 Ta6JJHUe yKa3aHbl OCHOBHble TeXHH'IeCKHe 

napaMeTpbr neTeKTOpa. J.1cnoJJh30BaHHe JanH­

paromeii ceTKH 6bJJJO npenycMOTpeHo Ha cnyqaii 

6onbwHx JarpyJoK (> I 06 
HOHoBicM

2
) 
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Ta6JJuua. llapa~urrpLI nereKropa 

3JieKTpOCT3TH'IeCKllll '13CTb 

0rraJIKHB310IUHH 3JleKTpon (03), nHClMeTp 

noreHUHaJI 03 

PaccroliHHe 03- MKn . 
PacCTOJIHHe 03 - ceTKa 

PacCTOJIHHe cerKa - MKM 

3anHpa10IUHH TIOTeHUHaJI Ha CeTKe 

0TpHU3TeJibH033pliJKeHHbiH pa3pe3HOH 3JieKTpon (0P3), 

nHaMeTp 

noreHUHaJI OP3 

HanpliJKeHHOCTh noJIJI 

MKM (SiOz)PbO, pa3Mep 

)lHaMeTp K3HaJIOB 

Yron HaKJIOHa KaHaJIOB MKM 

PaccroJIHHe MKni-MKn2 

Pa6o'lee HanpliJKeHHe Ha MKn 

ti)'BCTBHTeJibHllll TIJIOIUa]lb aHona 

3axaar no KoopnHHare 

PaccroliHHe MKn-aHon 

noreHUHaJI Ha aHone 

llleapoHHllll c6opKa MKM 

noJHUHOHHO-'I)'BCTBHTeJibHbiH aHon 

136 MM 

no +6000 B 

Ill MM 

102 MM 

9 MM 

no 400 B 

136 MM 

-2500 B 

no 765 B/cM 

63x43 MM
2 

0,015 MM 

70 

0,2 MM 

1100 B 

59x38 MM
2 

59 MM 

0,2 MM 

OB 

3. OpraHH3aUHll c'beMa cHrHaJioB c .uereKropa H C'IHT hiBaHHJI .uaHHhiX 

17 

EnoK-cxeMa 3JieKTpOHHOH annaparyphi npe.ucTaRJieHa Ha puc.2 . 'S 

J13MepeHHJI npocTpaHCTBeHHbiX xapaKTepHCTHK H OTHOCHTeJihHOH HHTeHCHBHOCTH 

UHpKynupyiOIUero ll}"'K3 OCHOB3Hbl Ha Ct:JeTe CHrHaJIOB, CHHMaeMbJX C 3JieKTpO.UOB ,lleTeKTO­

pa S1 ... Sn B nporpaMMH0-33,ll3B3eMbiX BpeMeHHbiX HHTepBaJI3X «BOpOTa». 

B xo.ue npe.usapHTeJihHhiX uccne.uoaaHHH aMnJIHTY.UHoro cneKTpa CHrHaJIOB co c6opKH 

MKTI Ha BaKyyMHOM cTeH.ue c a-HCTOt:JHHKOM 6hiJIO ycTaHoRJieHo, t:JTO nJiaHHpyeMhie ct:JeT­

Hbie H3MepeHHJI MOryT 6biTh peaJIH30BaHbi B cxeMe 6e3 HCllOJib30BaHHJI ycHJIHTeJieH YKa.JaH-
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PHc.2. linOJc-cxeMa 31leKTpoHHOH annaparypLI. 08 - Ol!HOBH6paTop, KK -
KOHTponnep Kpeifra KAMAK 

HbiX CHntaJJOB. npH 3TOM CHntaJJbl no.aaiOTCji Henocpe.UCTBCHHO Ha BXO.Ilbl cpopMHpOBaTeJJeH 

F, B Ka'leCTBe KOTOpbiX n p HMeHjJK>TCjJ paJMemaeMble s6JJHJH .aeTeKTopa 6biCYpbie aMnJJHTY.Il­

Hble .llHCKpHMHHaTOpbl THn a 4<J>- 115 (pa3pa6oTKa flB3 011~11) . 

Tu, .llJijJ HMnyJJbCOB .llJIHTeJJbHOCTbiO - 1 HC MHHHMaJJbHbiH nopor cpa6aTbiBaHH}I 

cpopMHpo&aTeneif c )"'eTOM pa36poca no KaHaJJaM HMeeT JHa'leHHe (25±5) MB, 'ITO 3KBHBa­

JJeHTHO 'IYBCTBHTeJJbHOCTH CXCMbl K CHHMaCMbiM C .llCTCKTOpa Jap}l.llaM BCJIH'IHHOH He MeHee 

0,5 nKJJ. 

norn'leCKHe CHntaJJbl NIM c BbiXO.IlOB cpopMHpOBaTeJJeH nocrynaiOT no Tpacce KOaKCH­

aJibHbiX Ka6eneH .llJIHHOH - 60 M Ha BXO.Ilbl C'ICT'IHKOB S . .li,JJjJ Bblpa60TKH B KIDK,UOM UHKJIC 

yCKOpHTeJijJ cepHH CHntaJJOB «BOpOTa», pa3peWa10UlHX BXO.Ilbl C'ICT'IHKOB, HCnOJJbJyeTC}I 

nporpaMMHpyeMbiH C'leT'IHK TaHMep T. BpeMeHHa}l npHBjJJKa o6mero HHHUHHposaHHjJ npor­

paMMbl C'IHTbiBaHHjJ .UaHHbiX K BHCWHeMy CHHXpOCHrHaJIY «Ha'laJJO UHKJia YCKOpeHHjJ» 

(HUY) H KIDK,UOro onpoca C'leT'IHKOB K cna.ay CHntaJJa «BOpOTa» ocyweCTBJJ}IeTC}I C 

nOMOUlbiO BXO.IlHOro pentCYpa R. C UCJibiO aBTOHOMHOH nposepKH CHCTCMbl o6ecne'leHa 

BOJMO:lKHOCTb nO.IlKJIIO'ICHHjJ BXO.IlOB C'leT'IHKOB K pa3JJH'IHbiM no 'laCTOTe BbiXO.IlaM KBapue­

BOfO reHepaTopa G " nocTO}IHHoro paJpeweHHjJ c'leT'IHKOB yposHeM « TeeT». 
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4. 06pa60TK a IIOJIY'IaeMOH HH<lJOpM3UHH H pe 3 y JJ hT 3T bl H J MepeHHH 

K MOMeHTY H3IIHC3HH51 )l3HHOH pa60Tbl CHCTeMa rrpOWJJa CTe H)lOBbie HCIIbiT3HH51 H yc­

rreWHO 3KIIJJY3THpOBaJJ3Cb B I.JeTbipeX ceaHCaX pa60Tbl HYKJJOTpOHa . 

Ha pHc.3 npHBe)leHa speMeHHa51 )lHarpaMMa npo<!JHJJ51 nyqKa c MOMeHTa HH:lKeKUHH .llO 

nonyqeHI-151 ycKopeHHOro UHPKYJJHp)'IOIUero nyqKa. 

3KcnnyaTaUH51 cHcTeMhi noKaJana uenecoo6pa3HOCTh ysenHI.JeHI-151 rpaHyii51pHoCTH aHo­

)la, 'ITO Tpe6yeT yseJIHI.JeHH51 'IHCJia KaHanos. B nocne)lHeM ceaHce pa60Thl HYKJIOTpOHa 

6bJJia npOHJBe)leHa MO.llepHH3aUH51 Ha 16-KaHaJJbHbiH BapHaHT, npH 3TOM npOCTpaHCTBeHHOe 

pa3peweHHe ynyqwHJIOCh B)lnoe. Ha pHc.4 npe.llCTaBJieHbi cooTBeTCTBYIOIUHe speMeHHhJe 

)lHarpaMMbl. 

Ha pHc.4a,6 noKaJaHa speMeHHa51 )lHarpaMMa oTci.JeToB npH Be)leHHH B nyqoK MHmeHH 

B .llByx- H TpexMepHOH npoeKUH51X. TIOCKOJihKY )leTeKTOp pacnOJIO:lKeH Ja CT3HUHeH BHYT­

peHHHX MHlileHeH IIO HanpaBJieHHIO UHPKYJI51UHH nyqKa, OTI.JeTJI BO BH)leH BCnJieCK HHTeH­

CHBHOCTH OTCI.JeTOB OT pacCe51HHbiX I.JaCTHU B MOMeHT i1BO)la (1 ,4 C OT MOMeHTa HH:lKeKUHH). 

L{aHHbie, npHBe)leHHble Ha pHc.3,4, He HOpMHpOBaHbl Ha 33BHCHMOCTb BeJJHI.JHHbl y.lleJih­

HOH HOHHJaQHH OT 3HepmH ycKOp51eMoro nyqKa. YIJMepeHHe a6coii iOTHOH seJIHI.JHH.hi HHTeH­

CHBHOCTH nyqKa B rrpouecce ycKopeHH51 Tpe6yeT )lOnOJIHHTeJibHOI'O H3YI.JeHH51 . 

HHT9HCMBHOCTb 

ci.JeTa 

1000 1· 
900 

800 . 

700 l 
I 

600 I 

500 

400 

300 

200 

100 

0 

KaHanbl 

803 706 
P7 899 

995 

417321 
61 0 514 

31 
224127 

PHc.3 . BpeMeHHaJI .IIHarpaMMa rrpocjJHJJJJ rryqKa c MOMeHTa HHJKeKUHH n o rronyqeHHJl ycKopeHHoro 

UHPKYJJHpyiOwero rryqKa 
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5 ! 0epcneKTI1Bbl pa3BI1TI1~ CI1CTeMbl 

B03MO)I(H0 no:nanHOe COBepweHCTBOBaHI1e CI1CTeMbl .LVI~ 113MepeHH~ 11 KOHTpOn~ npo­

CTpaHCTBeHHbiX xapaKTepHCTHK nyqKa HYKnOTpOHa He TOnbKO B ropH30HTanbHOH, HO 11 B 

BepTHKanbHOH nnOCKOCT~X, a TaK)I(e yBenH'IeHHe 'IYBCTBHTenbHOH o6naCTH )leTeKTOpa. 

OnaHHpyeTC~ nepecTpOHKa .LVIHTenbHOCTH CHrHana «BOpOTa» B liiHpOKOM )lHana30He (OT 

1 MKC .UO 10 MC), peanH3yeMM flYTeM npHMeHeHH~ MO.UyneH aBTOIIOMHOro HaKonneHH.ll OT­

C'leTOB B 6ycpepHbiX 3anOMHHa!OliiHX ycTpOHCTBax. 

,Un~ 113MepeHH~ OTHOCHTenbHOH HHTeHCHBHOCTH nyqKOB HYKnOTpOHa B Tpe6yeMOM . .UHa­

na30He He06XO.llHMO np11 COOTBeTCTBYIOliiHX pe)I(HMaX pa60Tbl YCKOpHTen~ npoBeCTH )le­

TanhHOe Hccne.uoBaHHe npoueccoB HOHH3aUHH ocTaTO'IHOro raJa, c6opa 110HOB Ha MKn 11 

cpOpMHpOBaHHe BbiXO.UHbiX CHrHanOB ,llaTl.JHKa C 113yqeHHeM 11X aMnnHTY.UHOro cneKTpa. 

B nnaHe a.uanTaUHH OflHChiBaeMOH CHCTeMbl K 11HcppacTpyKType cywecTBYIOIUero KOMn­

neKCa aBTOMaTH311pOBaHHbiX cpe.UCTB KOHTpOn~ HYKnOTpOHa npe)lyCMaTpHBaeTC~ ocyme­

CTBHTb flOUHKnOBbiH .UHCTaHUHOHHbiH BbiBO.ll nonyqaeMbi.X )laHHbiX qepe3 nOKanbHYIO KOMflb­

IOTepHyiO CeTb Ha nynbT ynpaBneHH.ll YCKOp11TeneM 11 npe)lCTaBneHI1e TaM UHcpporpacpH'IeC­

KOH 11HcpopMaUHH B y.uo6HoM .LVI.si np11H~TH~ peweHI1H BH.Ue. 

6. Enaro.uapHOCTH 

ABTOpCKHH KOnneKTI1B np11HOCI1T rny6oKyiD 6naro.uapHOCTb A . .U.KoBaneHKO, A .C.Bo.uo­

nh~HoBy, B .l1.BonKOBy, B .A .MOH'IHHCKOMY 11 r.f.XO)l)l(l16arl1.liHY 3a no.u.uep)I(KY pa60Tbl 11 

CO.UeHCTBHe B npoBe)leHHH HCflbiTaHI1H CI1CTeMbl Ha HYKnOTpOHe. 

Oco6y10 6naro.uapHOCTb aBTOpbi Bbipa)l(aiOT A.O .Ko6al.JeHKO Ja noMOIUb, oKa3aHHYIO HM 

np11 pa3pa6oTKe .ueTeKTopa, 11 nepe.uaqy onbiTa, HaKonneHHoro B C03.UaHHI1 no.uo6HbiX 

CHCTeM. 

C'IHTaeM TaK)I(e CBOHM np11~THbiM .UOnfOM Bblpa311Tb HCKpeHHIOIO 6naro.uapHOCTb 

n .K .MaHb.liKOBy, A.H.napcpeHOBy, IO.C.AHI1CI1MOBy, B .A .ApecpbeBy 11 A .A.KyKyliiKI1HY 3a 

flOMOlUb B MOHTa)l(e 11 HaCTpOHKe :!lneMeHTOB CHCTeMbl. 

3a none3Hble o6c~.ueHI1.ll 11 B03MO)I(HOCTb 11Cnonb30BaHI1.si nporpaMMhl npe.uCTaBneHH.si 

11HcpopMaUHH c .ueTeKTopa Ha nynhTe HYKnOTpoHa aBTOpbi npH3HaTenbHbl B .M.CnenHeBy 11 

C.H .Ea3bineBy. 

ABTOpbi Bblpa)l(a!OT 6naro.uapHOCTb A .Kyrnepy (1151<1>, P)l(e)l(, 4exH~). a TaK)I(e cpoH.uy 

«Kny6-<l>OH», rpaHT N~ 1-02-07-96, 3a cpHHaHcOBYIO no.u.uep)I(KY .u HHOH pa6oTbl. 

8 . JlHTepaTypa 
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p.227. 
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PyxonHCh nocrynHna 16 .11eKa6pjj 1996 ro.11a. 
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B.B.ABoeii'lUIWB, B.A.Hyou;wB, A.C.Booonb.JIHOB, 
A.IIJiapu'leBa, B.B.MJl.ll.KOBCKuii, B.A.HuKumun, 
ll.B.HoMOKOHOB, A.B.lla6Jl10K, H.A.PyfjJanoB 
06beOW-leHHbi.U UHCmumym .ROepHbi.X UCCJle006aflUU, /Jy6Ha 

M.Mapmun, X.KaJZeuto6cKuu, JI.PocJZe 
)[(eHencKuu yHunepcumem, )[(eHena, lllneu!JapU.R 

X.X.rym6poo, H.KoJZ6, M.llypwKe, IO.JI.Jlu 
TCH, /JapMutmaOm, TepMaHU.R 

OnHcaH speMllnponeTHblii neTeKTop (TOF # 1), liBJIJIJOlliHiicll onHHM H3 ne-reKTopos ycTa­
HOBKH W A98 (UEPH), npenHaJHa'!eHHOH nJJll H3YlJeHHll llnpo-J~nepHbiX B3aHMoneiiCTBHH Ha 
nyqKe SPS. BMecTe c ~KOBOii CHCTeMoii MSAC neTeKTop TOF noJBOJllleT HneHTHcpHI.IH­
poBaTb '!aCTHI.Ibl no Macce B HHTepsane HMnyJlbCOB J + 5 f3B/c. JleTeKTOp COCTOHT H3 480 

llJlaCTHKOBbiX CI.IHHTHJJJlliTOpOB pa3MepaMH 480 X 32 X 24 MM3, KaJKnbiH H3 KOTOpblX llpOCMaT­

pHBaeTCJI cpOTOYMHOJKHTeJJJIMH C OOOHX TOpi.IOB. Pa3Mepbl BpeMllnpOJJeTHOH CHCTeMbl 4 X 2M2. 

HJMepliiOTCll KaK speMll, TaK H aMilJlHTYnbl cHrnanos. BpeMeHHoe pa3perneHHe cr = 120 nc. 
011HCaHa KOHCTpYKLIHJI neTeKTOpa, CHCTeMa JJa3epHOfO KOHTpOJJJI, npouenypbl KaJJH6pOBKH H 
BBeneHHll KOppeKI.IHH. ilpHBeneHbl HJJJliOCTj)ai.IHH HneHTHcpHKai.IHH 'laCTHLI H3 naHHbiX, nOJJy­
'leHHbiX B 1995, 1996 IT. B ceaHCax no H3YlJeHHIO B3aHMOneiiCTBHll llnep CBHHI.Ia C 3Heprneii 
!58 X A f3B CO CBHHI.IOBOH MHUieHbiO. 

Pa6oTa BbmO.rtHeHa B na6opaTOpHH BbiCOKHX 3Heprnii OH51H. 

Time-of-Flight Detector for W A98 CERN Experiment 

V. V.A vdeichikov et al. 

The Time-of-Flight detector (TOF # I) used in WA98 CERN experiment is described. The 
goal of the experiment is to study Pb-Pb collisions at 160 x A GeV beam of SPS for inves­
tigation of highly excited compressed nuclear matter. The MSAC tracking system is backed by 
TOF wall in order to allow particle identification, i.e., 1t, K, p separation in the momentum 
range 1.0 + 5.0 GeV/c. The TOF wall consists of 480 plastic scintillators. The size of each 

scintillator is 480 x 32 x 24 mm3. The PMTs are fixed at both ends f scintillators. Full size 

of TOF wall is 4 x 2m2
• The time resolution is cr =. 120 ps. Both time and amplitude of 

signals of scintillators are measured. There are described the design of the TOF wall, the laser 
control system, the algorithm of the calibration and finding of time corrections'. There are 
presented the examples of particle identification taken in experiments of Pb-Pb interactions in 
1995, 1996. 

The investigation has been performed at the Laboratory of High Energies, JINR. 
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Bse,lleHHe 

B .ll3HHOH pa6oTe onHcaH OllHH H3 neTeKTopos 3KcnepHMeHTa W A98 (I...{EPH), npenHaJ­

Ha'leHHoro 11m1 HCCJJellOB3HIDI BbiCOKOB036YJK.lleHHOH 5lllepHOH MaTepHH H nOHCKa ee 803-

MO:lKHOro <tJa30BOrO nepexona B KBapK-rJJJOOHHYJO nnaJMy. J1JyqatoTC51 BbJXOll lPOTOHOB, HeH­

T}>aJJbHbiX H 33p51XeHHbiX anpoHOB H HX KOppeJJ51UHH 8 CTOJJKHOBeHH51X 51llep CBHHUa npH 

3HepntH 158 X A r3B . nepe'IHCJJHM OCHOBHbJe neTeKTOpbl ycTaHOBKH WA98 (pHc. l ). !le­

TeKTOp Plastic Ball H3Mep51eT MHoxecTBeHHOCTb H HMnynhChJ 'laCTHU H nerKHX 51llepHbiX 

¢parMeHTOB 8 OCHOBHOM 8 OOJJaCTH <tJparMeHTauHH MHWeHH. Jlanee no nyqKy, HenaneKO OT 

MHWeHH pacnonoxeHbl KpeMHHeBbiH neTeKTop c 51'1eHCTOH CTJ>YKTYPOH SPMD (Silicon Pad 

Multiplicity Detector) H KpeMHHeBa51 npeif¢ooa51 KaMepa SDC (Silicon Drift Chamber) llJJ51 

pentCT}>aUHH MHO:lKecTBeHHOCTH H ymoBbiX pacnpelleJJeHHH 33p51XeHHbiX 'laCTHU 8 UeHT­

panbHOH o6nacTH 6b1CTJ>OT. !loa KanopHMeTpa H3Mep51toT noTOKH 3HepntH. KanopHMeTp 

MIRAC (Mid-Rapidity Calorimeter) H3Mep51eT nonepe'IHhJH noToK 3HeprHH. KanopHMeTp 

ZDC (Zero- Degree Calorimeter) H3Mep51eT noToK 3HeprnH non HyneM rpanycoo. !leTeKTop 

HJ 10000 Monyneii CBHHuoooro CTeKJJa LEDA (Lead-Glass Calorimeter) noJBOJJ51eT nony-

'IHTh .QaHijble no BbiXOllY 1t
0
- H TJ-'IaCTHU 8 WHpOKOH o6JJ3CTH 6biCTJ>OT H nonepe'IHbiX 

HMnyJJbCOB, noKpblBatolUHX KaK 06JJaCTb TenJJOBOH reHepauHH lPOTOHOB, TaK H xeCTKOro 

pacce51HIDI H, TaKHM o6pa30M, OnpelleJJHTb OTHOWeHHe BblXOlla TenJJOBbiX H np51MbiX lPOTO-

HOB K BbJXOllY 1t
0. Preshower (npellJJHBHeBbJH) neTeKTop MHoxecTBeHHOCTH ¢oTOHOB PMD 

(Photon Multiplicity Detector) noJBOJJ51eT HJ cpaoHeHIDI c MHoxecTBeHHOCThto Jap51XeHHbJX 

WA98 Experimental Setup 
160 AGeV Pb+Pb Collisions 

st the CERN SPS 
(1996) 

highly segmented Lead-Glass Calorimeter 
(idenbfication of photons. rto and '1 -mesons) 

Target 
(Inside Plastic 

Plutlc-Ball 
(x•. p, ... He in 
target region) 

Tlme of Flight (12) 
(PID of positive hadrons) 

Multlatep Avalanche Chambers 
with ceo-readout (tracking of 

Silicon-Pad and 
Silicon-Drift Detectors 
(pseudorapiditv-dist. of 

charged panicles) 

charged particles) 

PHc. l . PacnOlloJKeHHe neTeKTopos ycraHOBKH W A 98 

Forward­
Calorimeter 
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4aCTH« onpenenHTb KJJaCC C06biTHH C aHOMaJlbHbiM BbiXOJlOM cpOTOHOB . .llsa nne4a TpeKOBbiX 

JJ.eTeKTOpOB H .UeTeKTOpOB BpeMeHH nponeTa C MeHblllHM aKCenTaHCOM CJly)l(aT Jl]l.H H3Me­

peHH.H HMnynbCOB H H.UeHTHcpHKaUHH 3ap.H)I(eHHbiX 4aCTHU o6oHx 3HaKOB. CpasHeHHeM 

OTHOllleHH.H Ce4eHHH H HMllYllbCHbiX pacnpeneneHHH XOpOlllO H.UeHTHcpHUHpOBaHHbiX 
+- +- -

4aCTHU (1t , K , p, p) MO)I(HO H3Y4aTb CTeneHb TepMallH3aUHH H XHMH4eCKOfO paBHO-

BeCH.H B036y)I(JleHHOH CHCTeMbl. I13Mep.H.H KOppell.HUHOHHbie cpyHKUHH TO)I(JleCTBeHHbiX anpo­

HOB, MO)I(HO onpenemnb pa3Mep HCT04HHKa HcnycKaHH.H 4aCTHU. CHrHaJlbl KallOpHMeTpOB 

MIRAC 11 ZDC BMecTe c CHrHanaMH nY4KOBbiX 11 seTO-c4eT4HKO cny)l(aT nn.H Bbipa6oTKH 

TpHrrepHbiX CHrHaJlOB C pa31lH'IHbiMH BeJlH'IHHaMH napaMeTpa COy.UapeHH.H .H.Uep . .lln.H Onpe­

neneHH.H HMnym,ca 3ap.H)I(eHHbiX aJJ.pOHOB B 3KCnepHMeHTe W A98 HCnOJlb3yeTC.H MarHHT 

«Goliath» c 3a3opoM I600 MM no sepTHKanH. BenH4HHa B x L = 2 Tn·M coo6lllaeT 3ap.H­

)I(eHHbiM 4aCTHUaM nonepetJHbiH HMnyllbc oKono 0,6 fsB/c. B ceaHcax I994 11 I995 pa6o­

Tano O.UHO TpeKosoe nne4o MSAC (MultiStep Avalanche Chambers), B KOHUe KOToporo 

HaxonHnacb speM.HnponeTHa.H CHCTeMa. OcHOBHa.H cTaTHCTHKa nonY4eHa npH HanpasneHHH 

MarnHTHoro non.H, Korna Ha MSAC OTKJJOH.HllHCb oTpHIIaTenbHbie 4atTHUbi. B I996 ycTa­

HOBKa W A98 6billa .UOnOnHeHa eme O.UHOH TpeKOBOH H BpewmponeTHOH CHCTeMOH Jlll.H 

perHCTpaUHH nOJlO)I(HTeJlbHbiX 4aCTHU. HOBa.H TpeKOBa.H CHCTeMa C CTOHT 113 JJ.Byx. KaMep C 

.H4eHCTOH CTpyKrypOH H JJ.Byx nnOCKOCTeH npei.fcpOBbiX Tpy60K. BpeM.HnponeTHa.H CHCTeMa B 

npasoM nne4e, pacnono)l(eHHa.H B KOHUe TpeKOBOH CHCTeMbi MSAC, H3rOTOBneHa B 06oe.UH­

HeHHOM HHCTHTYTe .H.UepHbiX HccnenosaHHH B .lly6He. B Konna6opau HH W A98 sTa CHCTeMa 

Ha3biBaeTc.H TOF # I (Time-of-Flight). BpeM.HnponeTHa.H CHCTeMa, pacnono)l(eHHa.H B nesoM 

nne4e, H3rOTosneHa B .HnoHHH 11 Ha3bisaeTC.H TOF # 2. B naHHOH pa6oTe onHCbiBaeTc.H spe­

M.HnponeTHa.H CHCTeMa, KOTOpa.H pa60TaeT c TpeKosoi.f cHcTeMoi.f M SAC, TO ecTb TOF # I. 

MSAC cocTOHT H3 6-TH MHorocTyneHtJaTbiX naBHHHbiX KaMep, pacnono)l(eHHbiX sHe Mar­

HHTHoro llOJl.H. OepBa.H KaMepa HaXOJlHTC.H Ha paCCTO.HHHH 6 M OT MHllleHH. PaCCTO.HHHe 

Me)I(Jly KaMepaMH I,4 M. Pa3Mepbi KaMep I,2 x I,6 M. OKano IO% scex 3ap.H)I(eHHbiX qacTHU 

OT UeHTpallbHbiX CTOllKHOBeHHH npOXOJl.HT 4epe3 anepTypy KaMep. 113MepeHHe HMYllbCa 

npOH3BO.UHTC.H c pa3pellleHHeM M I p = 0,003 X p (rne p- B fsB/c). nonpo6Hoe onHCaHHe 

.UeTeKTOpOB ycTaHOBKH MO)I(HQ HaHTH B pa6oTe (I), a OnHCaHHe TpeKOBOH CHCTeMbl B pa60Te 

[2]. B KOHUe TpeKosow 'cHcTeMbi MSAC Ha paccTO.HHHH oKono I7,6 MoT MHllleHH pacno­

no)l(eH neTeKTop TOF # I. 113MepeHHe speMeHH nponeTa BMecTe c H3MepeHHeM HMnynbca 

4aCTHU TpeKOBOH CHCTeMOH ll03B01l.HeT HJleHTHcpHUHpOBaTb 3ap.H)I(e11Hble 'laCTHUbl no Macce 

(1t+-, K+-, p, p 11 nerKHe .H.Upa). 

B I994-I996 rr. nposeneHbi TPH ceaHca no HccnenosaHHIO cTon KHOBeHHH .H.Uep CBHHUa 

c 3Hepmei.f I 58 X A rsB c .HJJ.epHbiMH MHllleH.HMH. HaH601lbllla.H CTaTHCTHKa Ha6paHa Ha 

CBHHUOBOH MHllleHH. 111llliOCTpauHH H.UeHTHcpHKaUHH tJaCTHU, npHBe.UeHHbie B 3TOH pa6oTe, 

ll01lY4eHbl Ha OCHOBe 3KCnepHMeHTaJlbHbiX .UaHHbiX ceaHCOB I995 H 1996 rr. Ha nY4Ke Pb 

158 x A fsB. 

KoHCTpyKUH.H 11 xapaKTepHCTHKH speM.HnponeTHOH CH CTeMbi W A98 

06lUHH BHJl BpeM.HnponeTHOH CHCTeMbl noKa3aH Ha pHC.2. 3 TO CTeHKa, pa3MepOM 
2 4 X 2 M , COCTO.HlUa.H 113 480 nnaCTMaCCOBbiX CUHHTHJlll.HTOpOB, pacnOJlQ)I(eHHa.H Ha paCCTO.H-

HHH I7 ,6 M OT MHllleHH. 0Ha nonHOCTbiO nepeKpbiBaeT anepTypy TpeKOBOH CHCTeMbi MSAC. 
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PHc.2. 06wHi1 BHll cHCTeMbi speMeHH npOJJe-ra (TOF # I) 

3neMeHT lleTeKTopa BpeMeHH nponeTa nOKaJaH Ha pHC.3. CUHHTHJlJlSITOpbl Ha OCHOBe nOJlH­

CTHpOlla H3fOTOBJleHbl .B 0 115111 MeTOllOM 6J10'1HOH nOJ1HMepH3auHH H nOCJleJiyiOIUeH Mexa­

HH~eCKOH o6pa60TKOH . fl o xapaKTepHCTHKaM CUHHTHJlJlSITOp 611H30K K H3BeCTHOMY THny 

NE II 0 HllH BC412. PaJMep Ka)I(Jloro CUHHTHJlllSITopa 480 x 32 x 24 MM
3. ToniUHHa CUHH­

THJlllSITopa no n~KY 24 MM. BhiCOTa- 480 MM . Ka)I(JlhiH cuHHTHJlllSITOp npocMaTpHBaeTCSI 

<f>oTOYMHO)I(HTeJlSIMH C 0 6 0HX TOpUOB. 3TO n03BOJ1SieT onpe)leJlHTb KOOpJIHHary nona)laHHSI 

~aCTHUbl B CUHHTHJlJlSITOp, H3MepSIS1 pa3HOCTb BpeMeHH npHXOJla CBeTOBbiX HMnyllhCOB K TOp­

UaM CUHHTHJlJlSITOpa. flon ycyMMa 3THX BellH~HH )laeT BpeMeHHYIO OTMeTKy, He JaBHCSIIUYIO 

oT KoopllHHaTbl. CuHHTHJlllSITOpbl OTnonHposaHhi H o6epHYThi ~epHoH 6YMaroii . 11cnollh30-

BaHbi ¢oToyMHO)I(HTenH X P2972, JieMOHTHposaHHbie H3 KanopHMeTpa 3KcnepHMeHTa W A 70 

(UEPH). XapaKTepHCTHKII 3THX ¢oTOJMHO)I(HTeneii noJipo6Ho onHcaHhi B pa6oTe [3]. 

THn <f>oToKaTOlla 

floJle3HbiH )lHaMeTp <f>oTOKaTOlla 

lJHcno cryneHeH ycHneHHll 

MaTepHan liHHOlla 

BpeMll Hapac-raHHll aHOl!HOro HMnynhca npH 1800 B 

BpeMll pacnpocTpaHeHHll CHrnana B <I>3Y npH V = I 500 8 
.[lnHTellbHOCTb aHOl!HOro HMnynbca Ha nonysbiCOTe npH I 800 8 

hi-alkaline D(Sb K Cs) 

23 MM 

10 

Cu8e0 

1,9 HC 

23 HC 

3,0 HC 
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AHOJIHbJe c11rHaJJbi 11CnOJJb3YJOTC~ nn~ 113Me­

peHI1~ aMnJJI1TYJibi 11MnyJJbC08, a JII1HOJIHbJe Cl1r­

HaJJbi - JlJI~ 3anycKa Jli1CKp11M11HaTOp08, Cl1fHa­

Jibl OT KOTOpblX ~8JijjJOTCjj CTapT08bJMI1 Cl1fHa­

JJaMI1 JIJJ~ 113MepeHI1~ 8peMeHI1 nponeTa. }l.n~ 

YJI06CT8a MeXaHI14eCKOfO KpenneHI1jj CU11HTI1JJ­

JijjT0pbl co6paHbi 8 20 Monynew. KaJKJibiH MO­

JIYJJb COCTOI1T 113 24 CU11HT11JJJijjTOp08, K TOpUaM 

KOTOpbiX np11KJJeeHbi cpoTOYMHOJKI1TeJJI1. KoM­

naKTHbJe )leJJI1TeJJI1 8bJCOKOfO HanpjjJKeHI1jj JlJI~ 

ni1TaHI1jj Jli1HOJ108 C nOMOIUbiO C8apK11 COe)li1He­

Hbl C HOJKKaMI1 cpoTOYMHOJKI1TeJJeH. <l>OTOYMHO­

JKI1TeJJI1 o6epHYTbl MarHI1THbJM 3KpaHOM. }l.njj 

yMeHbllleHI1jj lllYM08 Ha MarHI1THbJe 3KpaHbl 

nonaeTc~ 8biCOKOe HanpjjJKeHI1e, 6JJI13Koe no 

8eJJI1411He K HanpjjJKeHHJO cpoToKaTona. CU11H­

TI1JJJJjjTOpbi C cpOTOYMH0JKI1TeJJjjMI1 3aKpenJJeHbl 

Ha JJI1CTe 113 oprcTeKJJa TOJJIUHHOH 6 MM. Ha 

3TOM JKe JJI1CTe 3aKpenneHbl pa3'beMbl JlJijj 8biCO­

K080JibTHOrO ni1TaHI1jj cpOTOYMH0JKI1TeJJeH 11 

pa3beMbl, Ha KOTOpble 8bJ8e)leHbl aHOJlHble 11 

JII1HOJIHbJe Cl1rHaJJbJ. Bcero Ha Ka))(JloM Monyne 

HaXOJijjTCjj 3 pa3beMa JlJI~ 8bJCOK080JibTHOfO 

ni1TaHI1jj (16 KaHaJJ08 Ha Ka))(JlOM), 8 pa3beM08 

Tl1na BURNDY JIJJjj Jli1HOJIHbiX c11rnano8 (no 6 
Ha Ka))(JIOM) 11 4 pa3beMa JlJijj aHOJ}HbiX Cl1rHaJ108 

Tl1na AMP (no 12 Ha KaJKJIOM). }l.njj 8biCOK0-

80JJbTHoro ni1TaHI1jj cpoTOYMHOJKI1TeJJeH 11CnOJJb-
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PHc.3. OnHH 3 JJJeMeHT08 neTeKTopa apeMe­

HH npQJJeTa: CUHHTHJJ])~TOp, cpOTOYMHOJKH-

Temt, MarHHTHbte JKpaHbl 

308aJJaCb MHoroKaHaJJbHM CHCTeMa LeCroy 1440. Jl.I1CKp11MI1HaTopbi " cxeMbi nepeKpbiTI1jj 

8binOJJHeHbi 8 CTaHJiapTe NIM. 0HI1 np11MeHjjJJI1Cb paHee 8 3Kcn ep11MeHTe W A 70 11 nonpo6-

HO on11caHbi 8 pa6oTe [3] . KpeHTbi c JII1CKp11MI1HaTopaMI1 pacno naraJOTCjj pjjJIOM c 8peMjjn­

poneTHOH CI1CTeMow. B KaJKJIOM Monyne NIM HaXOJ111TCjj 18 Jli1CKp11MI1HaTopo8. Ha nepen­

Hew naHeJJI1 6noKa Jli1CKp11MI1HaTopo8 pacnoJJoJKeHbi KOaKCI1aJJ bHbie pa3'beMbi NIM JIJJjj 8bi­

XOJIHbiX 11MnyJJbC08. BxoJIHbJe Ka6en11 JIJJI1HOH OKOJJO 4 - x MeTp08 nonnal18aJOTC~ 

HenocpencTBeHHO 8HYTPI1 6noKa. 0HH 8biXOJljjT 4epe3 oTBepCTI1jj 8 3aJIHew naHeJJH 6noKa 11 

o6beJII1HeHbi 8 3 rpynnbi no 6 Ka6enew. Ka))(JIM rpynna 3aKaH4118aeTCjj pa3beMoM 

BURNDY. Jl.l1cKp11MI1HaTopbi 11MeJOT peryn11pyeMbiH nopor OT 1 no 10MB. B 3Kcnep11MeHTe 

W A98 ycTaHaBJJI18aJJI1Cb MaKCHMaJJbHO 803MOJKHbie 3Ha4eHI1jj n poro8 - 10 MB. BbiCOKoe 

HanpjjJKeHI1e Ha cpOTOYMHOJKI1TeJJjjX no)l611paJJOCb TaKI1M o6pa30 M, 4T06bl ClfrHaJlbl OT pCJJjj­

TI1811CTCKOH 4aCT11Ubl, npollle)lllleH 4epe3 cepeJII1HY CUHHTI1JJJJjjT pa, 11MeJJI1 Ha 50 OM aHOJl­

HOH Harpy3Ke aMnJJI1TYJIY oKoJJo 150 MB. BeJJI1411Hbi 8biCOKoro HanpjjJKeHI1jj Ha cpoToyMHO­

JKI1TeJJjjX 8apb11pyiOTCjj 8 n11anaJoHe 1500 + 1800 B. C11rHaJJbi c 8biXOJI08 JII1CKp11MI1HaTopo8 

11 aHOJ}HbJe Cl1fHaJlbl no KOaKCI1aJlbHbJM Ka6eJJ~M J}JII1HOH 108 M n p11X0JljjT 8 noMeiUeHI1e, f)le 

pacnonaraJOTCjj KpeHTbi NIM co cxeMaMH nepeKpbJTifjj (KOH8epTopbi 8peMjj - 3apjjJI) 11 

pa38eT811TeJJjjMI1 c11rnano8 «o6ru11w CTOn», KpewTbi KAMAK c Al.J,IT JIJJjj 113MepeHH~ 3apjj­

JI08 aHOJIHbiX c11rHaJJ08 11 3apjjJl08 Cl1rHaJJ08 OT cxeM nepeKp biTI1jj. CxeMa nepeKpbiTI1jj 

(«OVerlap unitS» ) 8blpa6aTbJ8aeT Cl1fHaJ1 nOCTOjjHHOH CTa611JJbH H aMnJJI1TYJlbl C JlJII1TeJJbHO-
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CTbiO, onpelleJUJeMOH HHTep8aiiOM 8peMeHH Me)l(llY cpa6aTbl8aHHeM llHCKpHMHHaTopa llHHOJl­

HOfO HMnynbca H CHfHaiiOM «OOWHH CTOn>>, 8blpa6aTbJ8aeMbiM nyqK08biM ClJeTlJHKOM . 8 
KaJKJIOM MOllyne HaXOllHTCll 24 KaHana. ,Unll HJMepeHHll KaK aHOJlHbiX CHfHaii08, TaK H CHf­

Haii08 oT cxeM nepeKpbiTHll HcnonbJyeTCll CHCTeMa LeCroy CAMAC ADC 2280. B Monyne 

ADC enHHH'IHOH rnHpHHbl HaXOllHTCll 48 HJMepHTeJJbHbJX KaHano8 . .llnll 1960 H3MepHTeJJb­

HbJX KaHano8 CHCTeMbl 8peMe HH nponeTa HCnOJJb3yJOTCll 40 MOllyneif ADC, pacnoJJO)I(eHHbJX 

8 Tpex KpeifTax KAMAK. 

C'leT'I H K CH rH an a <<0 6 WH if cTon >> 

CHrnan «OOWHH CTOn>> 8blpa6aTbJ8aeTCll aJOTHbiM lJepeHK08CKHM ClJeT'IHKOM, KOTOpblH 

pacnonaraeTC51 Ha paCCTOliH HH OKOJIO 3 M OT MHWeHH 8 Hanpa8JieHHH, "npOTH80nOJIO)I(HOM 

HanpaBJJeHHIO nyqKa. Ha nyqKe llllep C8HHUa KOJIHlJeCT80 C8eTa 8 fa3080M ClJeT'IHKe OKa3bl-

8aeTCll TaKHM 69J1bWHM, 'ITO n0380JilleT nOJI}"'HTb C06CT8eHHOe 8peMeHHOe pa3perneHHe 

oKono 40 nc. A30T HaXOJlHTCll npH aTMocQ>epHOM na8JJeHHH. B clJeT'IHKe 83aHMoneifcTByeT 

OKOJIO 0,5% nyqKa. nocKOJibKY ClJeTlJHK pa6oTaeT 8 ycJI08HliX 60JJbWHX 3arpy30K, HCnOJJb-

3yeTCll no.amtTKa nocJJeJlHHX JlHHOJl08 cpoTOYMHO)I(HTeJJll OTlleJJbHbiM HCTOlJHHKOM 8biCOKOfO 

Hanpll)l(eHHll. npeHMymeCT80 M ra3080f0 '1epeHK08CKOfO C'leTlJHKa liBJJ.lleTCll TaK)I(e OTCYT­

CT8He pa,nHauHOHHbiX no8pe)l(lleHHH . 

Jla3epHall CHCTeMa K O HTpOJJll 

Pa60TOCnOCOOHOCTb H CTa6HJJbHOCTb CHCTeMbl 8peMeHH nponeTa KOHTpOI1Hp08aiJaCb C 

noMOWbJO HMnynbcHoro a30THoro na3epa (PRA Laser, Inc ., Model LN 1 00) . .llnHHa 80JJHbl 

HCnycKaeMOfO C8eTa - 337 HM, JlJIHreJibHOCTb HMnyJJbCa MeHbWe } HC. ,Unll TpaHCnOp­

THp08KH C8eTa OT Jla3epa HC n OJib308aiiHCb K8apUe8ble 80JIOKOHHble C8eT080llbl, np03pa'1Hble 

JlJill ynbTpacpHoneTa. C8eT o T na3epa cHa'lana pacwenn.lleTcll 8 ll8a llJJHHHbJX C8eT080lla 

llHaMeTpOM } MM, OJlHH H3 KOTOpblX nOllXOllHT K cpOTOYMHO)I(HTeJIJO n}"'K080f0 CTapT080fO 

ClJeT'IHKa, a 8TOpOH nOCTynae T K pacnpelleJJHTeJIJO C8eTa Ha 960 KaHaii08, pacnOJJO)I(eHHOMy 

oKono CHCTeMbi 8peMeHH nponeTa. ,Ll8yxcTyneH'IaTbiH pacnpenenHTenh c8eTa cnenaH H3 

c8epHYTOH 8 TPy60lJKH anJOM HHHe80H cponbfH . K8apue8bJH c8eT080ll TOIIJliHHOH 1 MM non­

XOJlHT OT Jla3epa K Tpy6Ke llHaMeTpOM 25 MM H JlJIHHOH 150 MM. Ha JlpyroM KOHUe :noif 

TPy6KH Haxolll!TCll Topu·bl 60 K8apue8hiX C8eT080Jl08 JlHaMeTpOM 0,3 MM H JlJIHHOH 0,6 M. 

KaJKJibiH H3 3THX C8eT080ll08 nOllXOllHT K 8TOpOH CTyneHH pacnpeJleJIHTeJI.ll C8eTa- Tpy6Ke 

llHaMeTPOM 4,5 MM H JlJIHHOH 60 MM . C npOTH80nOJ10)1(HbiX KOHU08 3THX Tpy60K 8biXOllliT 

no 22 C8eT080lla, KaJKllbiH H3 KOTOpblX nOll8elleH K C80eMy cpOTOYMHO)I(HTeJJJO. ,LlHaMeTp 

cpOTOKaTOlla Ha HeCKOJibKO MHJIJIHMeTP08 60JJbWe TOJIWHHbl nnaCTHKa, TaK 'ITO Ka:lKJlbiH 

C8eT080Jl TOpUOM ynHpaeTCll HenoCpellCTBeHHO 8 cpOTOKaTOll . 8 KOHelJHOM C'leTe K Ka)I(JlOMY 

cpOTOYMHO)I(HTeJJJO nOllXOllHT C8eT080ll 0,3 MM C JJa3epHbiM C8eTOM. Jla3epHal! CHCTeMa 

CJIY)I(HT, 8 OCH08HOM, JlJill n p08epKH CTa6HJJbHOCTH 8CeX TpaKT08 80 8peMeHH (oco6eHHO 

8blliBJJeHH.ll MellJieHHOfO Jlpeifcpa), npa8HJibHOCTH 3aHeCeHHll nbelleCTaii08 8 naMliTb KOHTpOJJ­

JJepa ADC 2280 H JlJill onpen eneHHll 8peMeHHOH rnKanbJ ADC nc/KaHan . A6conJOTHal! KaiJH-

6po8Ka KaHan08 C nOMOWbiO JJa3epHOH CHCTeMbl 8 HarneM CIIYlJae He o6na,naeT JlOCTaTOlJHOH 
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TO'IHOCTbiO, flOCKOnbKY )lmtHbl KBapueBbiX CBeTOBO)lOB He 11MeJOT CTpOrO OJlHHaKOBOH 

)lnHHbl. 11HOf)la )lml rpynnbi o6nyqeHHH Ha6nJO)laeTCjj CMeiUeHHe Ha 60nhWYJO flOCTOjjHHYIO 

BenH'IHHy. 3TOT 3<P<PeKT npome BCero 06'hjjCHHTb HenpaBHnbHOH 3aflHChiO flbe)leCTanOB B 

CHCTeMy 2280. TipOUe)lypa 06HOBneHHjj flbe)leCTanOB 06bilJHO n p OBO)lHnaCb O)lHH pa3 B He­

CKOnbKO )lHeH. 

BHyTpeHHee speMeHHOe pa3peweHHe 

CHCTeMhl BpeMeHH nponeTa 

BHYTpeHHHM speMeHHhiM pa3peweHHeM Ha30BeM speMeHHoe pa3peweHHe, KOTopoe 

onpe)lenjjeTCjj <t>oTOYMHO)!(HTenjjMH 11 3neKTpOHI1KOH np11 CBeTO OM HMnynbCe na3epa TaKOM 

)!(e, KaK OT lJaCT11U B CUHHTHnnjjTOpe. CpeJlHjjjj BenH'IHHa BpeMeHHOfO pa3peweHHjj Ka)!(JlOfO 

KaHana OT na3epa - OKOnO 90 nc. BKna)l B yxy)lWeHHe pa3peweHHjj BHOCjjT KaK <t>oTOYMH0-

)!(11TenH, TaK H 3neKTpOHHKa (B OCHOBHOM, CXeMil nepeKpbiTHjj) . CxeMbl nepeKpbiTHjj o6na­

)laiOT BHYTpeHHHM WYMOM, H B HeKOTOpbiX KaHana/{ Ha6niO)lanHj;b OCU11nnjjUHH, Cl1nbHO 

yxy)lWaiOIUHe BpeMeHHOe pa3peweHHe. llnjj ycTpaHeHHjj 3<P<PeKTa OCUHnnjjUHH HaMH 6bma 

npoBe)leHa He6onbw~ MOJlH<i>HKauwjj cxeM nepeKpbiTHjj. TeM He MeHee nposepKl\ OT reHe­

paTopa CXeM nepeKphlTHjj fl0Ka3ana WHpOKHH pa36poc 11X co6cTBeHHOfO BpeMeHHOfO pa3pe­

WeHHjj (OT 25 JlO 80 nc). BKna)l OT CTapTOBOfO C'leT'IHKa- OKOnO 40 nc, H OH MO)!(eT 6bJTb 

YlJTeH BbllJHTaHHeM H3MepeHHbiX BpeMeH OT n1060H napbl <t>oTOYM HO)!(HTeneH (yJl06HO cpaB­

HI1Tb CYMMY H pa3HOCTb). 

OnpeJleneHHe speMeHHOH ueHbi KaHana AUTI nc/Ka H an 

c noMOIUbiO na3epa 

nnjj onpe)leneHHjj ueHbl Ka)!(Jloro KaHana AUTI B e)lHHHUa x BpeMeHI1 (nc/KaHan) BO 

BCeM )lHHaMHlJeCKOM )lHana30He npOBO)lHnaCb KanH6pOBKa C flOMOIUbiO na3epHbiX CHrHanOB. 

B TpaKTe CHrHana «06IUHH CTOfl» aBTOMaTHlJeCKH H3MeHjjnacb 3a)lep)!(Ka C warOM 1 HC. 3Ta 

npoueJlypa npoBOJlHnacb B TelJeHwe HecKonbKHX lJacos OJlHH wn 11 JlBa pa3a 3a ceaHc. Bpe­

MeHHbie cneKTpbl OT O)lHOfO 113 <t>oTOYMHO)!(HTe-

neH CO CJlBHfOM 1 HC OOKa3aHbl Ha pHC.4. llnjj 

Ka)!(Jloro KaHana 6wn C)lenaH ni1HeHHbiH <PwT 25 
3aBI1CHMOCTI1 noKa3aHHH AUTI OT nepeMeHHOH 

BenH'IHHbl 3a)lep)!(KH B )lHHaMH'IeCKOM )ll1ana- 20 

30He OKono 80 He. TaKHM o6pa30M )lnjl Ka)!(Jloro 

TpaKTa onpeJlenj!IQTCjj )lBa napaMe1pa: CJlBI1r H 

wwpwHa KaHana. CpeJlHjjjj wwpwHa KaHana scex 

TpaKTOB - oKono 20 nc/KaHan. Pa36poc cpeJlHHX 

3HalJeHHH no 960 KaHanaM RMS "' 1,1 nc. 

Pl1c.4. BpeMeHHoii cneKTp, nM)"'eHHbiii OT onHoro H3 

cjxYrO}'MHOJKHTeJieii npH CKaHHpoBaHHH TOF naJepoM c 

lllafQM JanepJKKH B TpaKTe CHrHana «OOlliHii CTOfl>> I HC 

15 

10 
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KaK Bbtrmlli.IIT aMnfiH T Y.Ubl cHrHanos 

OT Jap.ll:lKeHHbiX 'laCHI U B CUHHTHJIJI.IITOpe 

6btJIH HCnOflbJOBaHbl CUHHTHJIJI.IITOpbt 6eJ CBeTOBO.UOB ,[IJIJ.IHOH 480 MM. JlnHHa JaTy­

xaHH.II B HaWeM Cfl}"'ae onpe.UeJI.IIeTC.II B OCHOBHOM Ka'leCTBOM nOIIHpOBKH H B MeHbWeH 

CTeneHH np03pa'IHOCTbiO CUHHTHJIJI.IITOpa. Ee BeJIH'IHHa BapbHpyeTC.II OT 500 MM ,!10 250 MM. 

AMnnHry.aa no'ITH 3KcnoHeH 

·;~!~?!<}, . : ·. ·. 

HaJibHO HJMeH.IIeTC.II B JaBHCHMOCTH OT paCCTO.IIHH.II ,!10 cpOTO­

KaTO.Ua. Pacnpe.aeneHHe aMnmtTy.U cHmanos oT 

.UBYX KOHUOB CUHHTHJIJI.IITOpa nOKa3aHO Ha 

pHc.5. Me)l(,[ly senH'IHHOH norapHcpMa OTHowe-
·.· 

·. ··· 
:. j •• • ' 

~:~:.Q:.~~l:-~:-/; 
.. ·, ~:, .. ') ;.: .. : 

~4n:_,;;~:~:::;.: '· 
~~~f~·:!:~· 

200 400 600 800 1000 1200 1400 
PMTJ , ADC chan. 

PHc.5. PacnpeneneHHe aMruJHTyll cHrnanos OT 

llBYX KOHUOB CUHHTHJIJlliTOpa 

~ 
~ 
~ 2 

~ 

0 

-1 

-2 

-4 -2 0 2 4 
T2·Tl, nsec. 

PHc.6 . .Llsyt.tepHaJI rncrorpaMMa paJHOCTH spe­

MCH J.l JIOrapH!f!Ma OTHOWCHJ.Ill aMfUIHTYll OT 

llBYX KOHUOB CUHHTHJI.HliTOpa 

HH.II aMnJIHTY.U H pa3HOCTbiO BpeMeH npHXO,!la 

CHrHaJIOB K npOTHBOnOJIO:lKH·biM KOHUaM nnac­

THKa cymecTsyeT JIHHeHHa.ll 3aBHCHMOCTb. Ha 

pHC.6 nOKa3aHa .UByMepHa.ll rHCTOrpaMMa 3THX 

BeJIH'IHH ,[lfl.ll O,!lHOro H3 nnaCTHKOB, nOJI}"'eHHa.ll 

80 BpeM.II 3KCn03HUHH Ha n}"!Ke CBHHUa. 113 

3Toro pacnpe.aeneHH.II MO:lKHO oueHHTb BHYTpeH­

Hee pa3peweHHe CHCTeMbt speMeHH nponeTa 6e3 

}"'eTa cTapTosoro c'leT'IHKa. THnH'IHM senH­

'IHHa pa3peweHH.II - OKOJIO 120 nc. llOMHMO 

CHrHaJIOB OT 3ap.s!:lKeHHbiX a,!lpOHOB B cneKTpax 

npHCYTCTBYIOT cHrHanbt Manbtx aMnJIHTy.a. Bo3-

MO:lKHO, 'ITO 3TO - CMeCb CJ.IrHaiiOB OT HeHTpO­

HOB, raMMa-KBaHTOB H ,[leJibTa-3JieKTpOHOB. 

Onpe.aeneHHe f-Koop.UHHaTbt 

X-Koop.UHHaTa onpe.aen.s~eTC.II noJHUHeH 

CUHHTIUJJI.IITOpa. f-KOOp.UHHaTy MO:lKHO onpe.ae­

JIHTb KaK no pa3HOCTH BpeMeHHbiX CJ.IrHaJIOB, 

TaK H H3 OTHOWeHH.II aMnJIHTY.U C .UBYX KOHUOB 

CUHHTIUJJI.IITOpa. Pacnpe.aeneHHe pa3HOCTH spe­

MeHHbtX CHrHaJIOB nOKaJaHO Ha pHC.7. ,LlJIHHa 

nnacTHKa - 480 MM. Ha 3TOH .UJIHHe pacnpe.ae­

neHHe no f .UOJI:lKHO 6bJTb O,!lHOpO.UHbiM, T.e. 

nJIOCKJ.IM. L{n.ll Ka)I(,[IOrO nnaCTHKa 6biJIH Ha6pa­

Hbl aHanOrH'IHbte cneKTpbt H non}"'eHbt napa­

MeTpbt nesoii H npasoii rpaHHUbt pacnpe.aene­

HH.II Ha ypOBHe 1/3 OT nJIOCKOH BepWHHbl pac­

npe.aeneHH.II. f-KOOpllHHaTa Bbi'IHCJI.IIeTC.II KaK 
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HHaHBHayanhHbie an~ Ka:lKaOrO CUHHTHJlJl~TOpa. 

3cpcpeKTHBH~ CKOpOCTb pacnpOCTpaHeHH~ CBe­

TOBOrO CHrHana B CUHHTHJlJl~TOpe B HailleM CJly­

'lae - oKono 112 MMIHc. 0Ha onpeaen~eTc~ 

KaK K03cpcpHUHeHTOM npeJlOMJleHH~, Ta:K H 3cp­

cpeKTHBHbiM ymOM llOJlHOrO BHYHTpeHHero OTpa­

)l(eHH~ H npH6mBHTeJlbHO pasHa V = 
= c X cos (a) I n = c I n2

. nocKOJlbKY He 6hiJlH 

HCllOJlb30BaHbl CBeTOBOahl , TO All~ C06biTHH, 

KOrAa 'laCTHUa npOillJla '1epe3 CUHHTHJlJlHOp 

B6JlH3H cpOTOKaToaa, 3cpcpeKTHBH~ CKOpOCTb 

pacnpocTpaHeHH~ cseTo~oro cwmana ao Hero 

HeCKOJlbKO yBeJlH'IHBaeTC~. 3Ta He60Jlbill~ 

HeJlHHeHHOCTb HaxoaHTC~ H3 3KCnepHMeHTaJlb­

HbiX cneKTpOB H KOppeKTHpyeTC~ npH aanbHeH­

IlleH o6pa6oTKe. 

31 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 
-4 -2 0 2 4 

Tl-12, nsec. 

PHc.7 . PacnpeneneHHe pa3HOCTH BpeMeH oT 

JlBYX KOHUOB CUHHTHJIJIJITOpa 

3aMeTHM, 'ITO npH OaHOBpeMeHHOM nonaaaHHH asyx 'laCTHU B CUHHTHJlJl~TOp, COXpaH~­

eTC~ JlHHeHH~ 3aBHCHMOCTb Me)!()ly pa3HOCTbiO BpeMeH npHx oaa CHrHaJlOB K KOHUaM 

CUHHTHJlJl~TOpa H JlOrapHcpMOM OTHOilleHH~ aMllJlHTya. flpH 3TOM nOJlY'IeHH~ f-KOOpaHHa-

Ta COOTBeTCTByeT cepeaHHe Me)!()ly TO'IKaMH nonaaaHJUI. 

CTbiKOBKa TpeKOBOH CHCTeMhi MSAC 

H CHCTeMbl BpeMeHH nponeTa 

Ha pHc .8 noKaJaHo asyMepHoe pacnpeaeneHHe aenH'IHH p a3HOCTeii Me)!()ly KoopawHa­

TaMH npoeKUHH TpeKa MSAC Ha TOF H KoopawHaTaMH nonaaa H~ 'laCTHUbi B TOF, onpe­

Aen~eMbiMH H3 ll03HUHH cpa6oTaBrnero nnaCTHKa H pa3HOCTH BpeMeH CHrHaJlOB C aayx ero 

npoTHBononO)I(HbiX Topuoa. DpocTpaHCTBeHHOe pa3perneHHe crx = 17 MM onpeaen~eTc~ pa3-

MepaMH nnacTHKa no X-KoopawHaTe (33 MM). Pa3perneHHe cry= 20 MM onpeaen~eTc~ ape­

MeHHbiM pa3perneHHeM TOF H KoopawHaTHbiM pa3perneHHeM Tp eKosoii CHCTeMbi MSAC. 

C'IHTaeM, 'ITO TpeK B MSAC H CUHHTHJlJl~UH~ B TOF nopo)l(aeHbi oaHoii 'laCTHueii, ecnw 

paccTo~HHe Me)!()ly TO'IKOH, nonY'IeHHOH H3 3KCTpanon~uww TpeKa MSAC Ha TOF, H TO'I­

KOH nonaaaHH~ 'laCTHUhi , HaiiaeHHOH H3 aaHHhiX TOF, MeHbrne HeKoTopoii JaaaHHoii senw­

'IHHbi (25 + 35 MM) . npoCTpaHCTBeHH~ CTbiKOBKa reoMeTpHH TOF H MSAC nposoaHJlaCb 

All~ Ka)!()loro H3 20 Moayneii TOF oTaenbHO. 3To noJBonwno HaHTH OTKJlOHeHH~ B no3HUHH 

Ka)!()lOfO Moayn~ H BHeCTH HX B OfiHCaHHe reOMeTpHH . BeJlH'I Hbl 3THX OTKJlOHeHHH He 

npeBbiilla:JOT HeCKOJlbKHX MM. 
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PHc.8 . Pacnpene.neHHe llllll pa3HOCTeH XTOF - XMSAC H Y TOF - Y MSAC KO­

OpllHHaT, onpelleJieHHbiX no naHHbiM MSAC H TOF 

KoppeKUHll, CBliJaHH a ll c BeJJHlfHHOH aMnJJHTY.Ubl cHrHana 

nonpaBKa Ha JaBHCHMOCTb BpeMeHH cpa6aTbiBaHIDI .UHCKpHMHHaTOpa OT aMnJJHTY.Ubl HM­

nyJJbCa cywecTBeHHa Mll MaJJ biX aMnJJHry.u. Mbi HCnOJJbJOBaJJH aMnJJHTY.UHYIO KoppeKUHIO, 

O.UHHaKOBYJO Mll Bcex HJMep HTeJJbHbiX TPaKTOB 

!lt = K I HOMep KaHana A DC. 

Ko3<fxt>HuHeHT <<K>> B 3TOH ¢opMyne Haxo.uHTCll 3KcnepHMeHTaJJbHO TaK, lfT06bi He 

6biJJO 3aBHCHMOCTH OT aMnJJ HTY.U Ha .UBYMepHbiX rHCTOrpaMMaX 

{(tup + tdown), Aup} H {(tup + tdown), Adown}. 

8 3TOM BbipruKeHHH t , td , A , Ad - BpeMeHa H aMnJJHTY.Ubi CHrHanOB Ha Bepx-up own up own 

HHX H HH)I(HHX TOpUaX CUH HTHJJJlliTOpOB. 

EcnH npe.unonmKHTb, lfTO BeJJHlfHHa Hanpll)l(eHHll Ha Bxo.ue .UHCKpHMHHaTopa JJHHeHHO 

HapaCTaeT 80 BpeMeHH, TO MOMeHT cpa6aTbiBaHHll .UHCKpHMHHaTOpa 
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3MnHpH'.JeeKH Haxo.uHTe.ll napaMeTp K = tf t x threshold ron 
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HaweM enyqae nonyqaeT-

e.11, 'ITO .un.11 onTHManbHOH senH'IHHbi napaMeTpa K H nopora .UHeKpHMHHaTopa I 0 MB MH­

TenbHOeTb nepe.uHero cppOHTa HMnynbea - OKOnO 2,5 He, 'ITO 6nH3KO K ero .UeHeTBHTenb­

HOMY JHa'leHHIO. 

KoppeKUH.II speMeHH, 

eB.IIJaHHa.ll e f-KOOp.UHHaTOH eUHHTHnn.IITOpa 

KaK y)l(e ynOMHHanOeb BbiWe, Mbl He HenOnb30BanH eseTOBO.Ubl, a eUHHTHnn.IITOp npH­

KneHBane.ll OnTH'IeeKHM :moKeH.UHbiM KneeM Henoepe.ueTBeHHO K cpOTOYMHO)I(HTeniO. flpH 

npOXO)I(.[leHHH '!aeTHUbl '1epe3 eUHHTHnn.IITOp 6nH)I(e 3;--4 eM OT Kp~ B03paeTaeT BKna.[l ese­

Ta, paenpoeTpaH.IIIOIUeroe.H no.u yrnaMH, MeHbillHMH yma nonHoro BHYTpeHHero oTpa)l(eHH.II. 

TaKHM o6pa30M, y Kpaes s HanpasneHHH 6nH)I(aHwero cpoToKaTo.ua 3cpcpeKTHBH~ eKopoeTb 

paenpoeTpaHeHH.II eBeTOBOfO eHrnana ysenH'IHBaeTe.ll. lJTo6bJ BBeeTH KOppeKUHIO Ha 3TOT 

3cpcpeKT, Ha6HpaiOTe.H .usyMepHbie meTorpaMMbi paJHOeTH speMeH TTOF (speM.H, HJMepeHHoe 

TOF) H T MSAC (speM.II nponeTa, Bbi'IHeneHHoe H3 .uaHHbiX MSAC B npe.unono)l(eHHH, 'ITO 

'!aeTHUa - nHOH) {(TTOF- TMSAC), f} . f-Koop.UHHaTa 6epeTe» H3 .uaHHbiX MSAC. Ha 

OeHOBaHHH 3THX eneKTpOB .uenaeTe.ll KOOpeKUH.II BpeMeHH nponeTa B 3aBHeHMOeTH OT f-KO­

Op.UHHaTbl. Bee 3TOH nonpaBKH HeBenHK B eHny TOro, 'ITO OHa MeeT 3Ha'IHMYIO BenH'IHHY 

He 6onee 'leM .un» 10% nona.uaHHH B nnaeTHK. 

KoppeKUH.II Ha Me.uneHHbiH .upeiicp 

floeKOnbKY na3epHbiH KOHTpOnb OXBaTbiBaeT KaK cpoTOYMHO)I(HTenb nyqKOBOro eTapTO­

BOrO e'leT'IHKa, reHepHpyiOIUero eHrnan «06IUHH eTOn», TaK H Bee HH.[IHBH.UyanbHbie KaHanbi, 

TO OH .IIBn.lleTe.ll 3cpcpeKTHBHbiM epe.UeTBOM Ha6niO.[leHH.II 3a Me.uneHHbiM BpeMeHHbiM .UpeH­

cpOM, eB.II3aHHbiM e H3MepeHHeM TeMnepaTypbl HnH .uerpa.uauHeH cpOTOYMHO)I(HTeneH H 3neK­

TpOHHKH. floene Ka)I(.[IOro UHKna yeKopeHH.II BO see KaHanbi 3anHebiBaeTe.ll O.UHH HnH He­

eKOnbKO na3epHbiX HMnynbeos. TaKHM o6pa3oM MO)I(HO KOHTP nHposaTb Ka)l(.[lbiH KaHan. 

B OeHOBHOM nonpaBKH HeBenHKH, HO HHOr.ua B HeKOTOpbiX KaHan X 'ITO-TO enyqaeTe.ll, 'leMy 

TPY.UHO HaHTH o6b.HeHeHHe. B qaeTHOeTH, 6onbwHe OTKnoHeH it.ll B HeKOTOpbiX TpaKTax 

MO)I(HO o6b.HeHHTb e6o.HMH npH JanHeH nbe)leeTanos s KOHTponnep ADC 2280. 3anHeb 

nbe)leeTanos npoBOJlHTe.H so speM.H eeaHea OJlHH pa3 B HeeKonbKO )lHeii. BenH'IHHbi Jlpeiicpa, 

H3MepeHHbie e llOMOIUbiO na3epa H no eneKTpaM 'laeTHU (OTene)I(HBaeTe.ll Jlpeifcp UeHTpa 

paenpe)leneHH.II TTOF- T MSAC), noKaJbiBaiOT eornaeHe, HO, KOHe'IHO, no na3epHbiM )laHHbiM 

)lHenepeH.II HaMHOro MeHbille. Jln» BHeeeHH.II KOppeKUHH Ha Me.uneHHbiH Jlpeifcp .[ln.ll Ka)I(.[IOfO 

KaHana paenpe)leneHH.II BpeMeH OT na3epHOrO eHrnana B 3aBHeHMOeTH OT HOMepa o6nyqeHH.II 

erna)I(HBaiOTe.ll, H nonyqeHHbie 3Ha'leHH.II 3aHOe.IITe.ll B 6a3y )laHHbiX. 
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A6conJOTHal! 8peMeH H al! KanH6po8Ka cHcTeMbl 8peMeHH nponeTa 

0KOH'IaTeJibH3jl KaJIH6poBKa KaJK)lOrO 8peMeHHOro KaHana np080JlHTCll no 3KCnepHMeH­

TaJibHOH HH<fK>pMaUHH, nonyqeHHOH Ha OCH08e aHaJIH3a TpeK08 MSAC. Ha OCH08e aHaJIH3a 

JlJIHHbl TPeKa H BeJIH'IHHbl HMnynbCa 8bi'IHCnlleM 8peMll nponeTa 8 npeJinono:lKeHHH, 'ITO 

'laCTHUa - nHOH H rHCTOrpaMMHpyeM pa3HOCTH Me)I(Jly 8bi'IHCneHHbiM 3Ha'leHHeM 8peMeHH 

nponeTa H 8peMeHeM, H3MepeHHbiM 8 TOF nocne 8BeJieHHll naJepHoH KanH6po8KH H 8Cex 

BbiWeynOMl!HYTbiX nonpa80K. 00CKOnbKY 60nbWe 90% 'laCTHU SIBJISIIOTCSI OTpHUaTeJibHbiMH 

nHOHaMH, TO TaK3jl KaJIH6po BKa 8nonHe KoppeKTHa. HaxOJIHM ueHTp KaJK)loro pacnpeJie­

neHIDI. HafuleHHble 3Ha'leHHll noMewaeM 8 6aJy JiaHHbiX H HcnonbJyeM B JiaJibHeHweM JinSI 

Haxo)I(JleHHll 8peMeHH nponeTa qacTHUbl JlJill KaJK)loro TPeKao lhaK, Tenepb 8peMSI Bbi'IHC­

nlleTCll KaK 

1 = 11as calib + ~slow drift + ~MSAC' 
rJie t

1
as calib - BeJIH'IHHa, n OJryqeHH3jl H3 noKaJaHHH ADC H npHBeJieHH3jl no pe3ynbTaTaM 

naJepHOH JCaJJH6pOBKH K peaJibHOH BpeMeHHOH WKaJie; 

~slow drift-'- nonpaBKa Ha MeJlJieHHbiH JipeJi<P 3neKTpOHHKHo 3Ta nonpaBKa onpeJienll-

eTCl! JlJill Kll)I(JIOro HOMepa o 6nyqeHHll ; 

~MSAC - OCHOBH3jl K aJIH6pOBOIJH3jl nonpaBKa, nonyqeHH3jl H3 cpaBHeHHll BpeMeHH 

nponeTa nHOHOB no .naHHbiM TPeKOBOH CHCTeMbl MSAC H 8peMeHH, HJMepeHHoro B TOFo 

3'fa npoue.nypa Tpe6yeT JIOCTaTO'IHO 60nbWOH CTaTHCTHKH H HeCKOnbKO OCnO:lKHl!eTCSI 

H3-3a HaJIH'IHll <fK>Ha. 

Opo6neMa <PoHa JinSI a 6conJOTHOH KanH6poBKH TOF 

0JIHOH H3 npH'IHH, yxy.nw aJOWHX H,lleHTH<tJHK3UHIO 'laCTHU, l!Bnl!eTCll HeTO'IHID{ KaJIH-

6po8Ka KaHaJI08, C8ll3aHHml C <fK>HOM 'laCTHU, KOTOpble )laJOT BpeMeHHYJO OTMeTKY paHbWe, 

'ICM nHOHbl, 8blneTe8WHe H3 MHWCHH. 3To MOfYT 6b1Tb 8TOpH'1Hble 'laCTHUbl, KaK 3neKTPO­

Hbl, TaK H nHOHbl, 8blneTaJOWHe H3 8eWeCT8a, pacnonO)KeHHOrO Ha nYTH neTliWHX H3 

MHWCHH 'laCTHUo 00CKOnbKy npH 80CCTaHOBJieHHH TpeKa npOH3BOJIHTCSI 3KCTpanOnSIUHll 'le-

60 0.75<p<l.O GeV/c 
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pe3 MarHHTHOe none 8 MHWeHb, TO JlJISI 'laCTHU, 

8biJieTaJOWHX He H3 MHWeHH, JlJIHHa TpaeKTOpHH 

H 8enH'IHHa HMnynbCa onpe)lenSIJOTCll HeBepHOo 

B ceaHce 1995 roJia OJIHHM H3 HCTO'IHHKOB Ta­

Koro <PoHa 6brna saKYYMH3jl Tpy6a JIJISI npo-

80JIKH Henp083aHMOJieHCT808a8Wero nyqKa, KO­

T0p3jl Ha'IHHaJiaCb npHMepHO 8 UeHTpe MarHHTao 

OpH 8biKJIJO'IeHHOM MarHHTHOM none, KOrJia 

TpeKH npSIMbre, H3o6p3)KeHHe 3TOH TPy6bl 

PHco9o Pa3HOCTb BpeMeH, H3MepeHHbiX TOF H Bbi'Iliic ­

neHHbiX Hl ll3HHbiX MSAC B npennoliO)KeHHH, 'ITO 

lJ3CTHU3 JIBJijleTCll nHOHOM o npaBbiH M3KCHM)'M OTHO­

CHTCll K nHOH3M, BbUJeTeBWHM H3 MHWeHH, JieBbJH - K 

4>oHOBb!M lJ3CTHU3M 
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XOpOtuO BH)lHO. lho6bi H36ei!CaTb OlliH60K, CB~I3aHHbiX C cpOHOM, poue.uypa Kaim6pOBKH Ha 

llHOHbl )leJiaeTC~ CJie)lyiOlliHM 06pa30M. ,!ln~ Kai!C)lOfO CUHHTHJIJI~TOpa Ha6HpaeTC51 fHCTO­

rpaMMa pa3HOCTH MeiiCJly speMeHeM, HJMepeHHbiM TOF, H speMeHe M, Bbi'IHCJieHHbiM no .UaH­

HbiM MSAC, B npe.unonoi!CeHHH, 'ITO see 'laCTHUbi - nwoHbi H BbiJieTaiOT HJ MHllleHH. 

IlpHMep TaKoro pacnpe.ueneHH51 noKaJaH Ha pHc.9 . IlonYI.JeHHoe acnpe.ueneHHe cpHTHpyeT­

C51 CYMMOH .UBYX rayCCOBCKHX pacnpe.ueneHHH. BeJIH'IHHbl UeHTpOB llHKa, KOTOphie OTHOC~T­

C~ K llHOHaM, BbineTeBlliHM H3 MHllleHH, 3aHOC51TC51 B 6aJy )laHHbi X H HCllOJib3YJOTC51 B )lanb­

HeHllleM aHanHJe. 

OnHcaHHe npoue.uypbi Bbi'IHCJieHH51 speMeHH nponeT a 

CyMMHPY51 see BbillleCKaJaHHOe, nepe'IHCJIHM KpaTKO, KaK HJ noKaJaHHH ADC Bbi'IHC­

JI51eTc51 speM51 nponeTa. 

1) IlepeBO.UHM noKaJaHH51 ADC B peanbHYIO speMeHHYIO lliKany, HCllOJib3Y51 napaMeTpbi, 

llOJIYI.JeHHbie npH CKaHHpOBaHHH BCeX TpaKTOB Jla3epH~IM CHrHanOM .c lllarOM 1 HC. 

2) BBO)lHM KOppeKUHIO, CB513aHHYIO C 3aBHCHMOCThiO OT aM nJIHTYJlbl CHrHana. 

3) L{o6aBJI51eM nonpaBKy, CB513aHHYIO C MaKpOBpeMeHeM. ,!ln51 K ai!C)lOro TpaKTa H Kai!C)lOfO 

HOMepa 06JIYI.JeHH51 3TH BeJIH'IHHhl HaXO)l51TC51 KaK C)lBHf BpeMeHHOH ll03HUHH 'Jia3epHOro 

penepa, ycpe)lHeHHbiH B Kai!C)lOM 06JIYI.JeHHH. 

4) Bbi'IHCJ151eM llOJIYCYMMY BpeMeH C 060HX KOHUOB CUHHTHJIJI51TOpa H BBO)lHM KOp­

peKUHIO, CB513aHHYIO C H3MeHeHHeM CKOpOCTH pacnpOCTpaHeHH51 CHrHana y KOHUOB CUHH­

THJIJI~Topa. 

5) L{o6aBJI51eM nonpaBKy, HaH)leHHYIO H3 KanH6pOBKH Ha llHO bl npH cpaBHeHHH BpeMeH, 

Bbi'IHCJieHHbiX HJ .uaHHbiX MSAC H HJMepeHHhiX TOF. 

JlpHBe)leM HJIJIIOCrpaUHH H)leHTHcpHKaUHH 'JaCTHU Ha OCH OBe 3KCnepHMeHTanbHOfO 

MaTepHana, llOJIYI.JeHHOfO npH B3aHMO)leHCTBHH 51)lep CBHHUa C 3 HeprneH 158 X A faB ·CO 

CBHHUOBOH MHllleHbiO' B ceaHCaX 1995, 1996 rr. JlOCJie HaxOIIC)le H5l COOTBeTCTBH51 rpeKa B 

MSAC H CUHHTHJIJI51UHH B TOF JlJI51 Kai!C)loro TpeKa HJBeCTHbi BeJIH'IHHa HMnynbca, JlJIHHa 

TpaeKTOpHH OT MHllleHH .uo nona,naHH51 B TOF H speM51 nponeTa. J.b 3THX seJIH'IHH onpe.ue­

JI51eTC51 Macca 'JaCTHUbi. Ha pHc.1 0 noKa3aHbi .usyMepHbie rncTorpaMMbi speMeHH nponeTa B 

JaBHCHMOCTH OT BeJIH'IHHbl HMllYJibCa, onpe)leJI51eMOfO TpeKOBOH CHCTeMOH. JlpHBe)leHbl 

)laHHbie KaK )lJI51 llOJIOIICHTeJibHbiX, TaK H )lJI51 OTpHUaTeJibHbiX 'JaCTHU, llOJIYI.JeHHbie npH 

npOTHBononoi!CHbiX JHaKax MarHHTHoro non51. BpeM51 nponeTa .UJI51 scex TpeKoB npHse.ueHo 

K O)lHOH )lJIHHe TpaeKTOpHH 17,6 M . 

He.uocTaTKH, JaMe'leHHbie B pa6oTe TOF 

OcHOBHbiM o6HapYJICeHHbiM .uecpeKTOM pa6oTbi TOF 51BJI51IOTC51 nepeKpecTHbie HaBO.UKH 

KaHana Ha KaHan . 0HH Bbi3BaHbl Hey.ua'IHbiM Bbi6opoM pa3'heMO B (BURNDY) )lJI51 coe)lH­

HeHH51 .UHHOJlHbiX Bbixo.uos c BXOJlaMH .UHCKpHMHHaTopos. B paJb eMe npoxo.uHT HeCKOJihKO 

CM He3KpaHHpOBaHHOf0 TpaKTa, H 3TOro OKa3anOCb )lOCTaTO'IHbl )lJ151 TOro, 'IT06bl Bbi3BaTb 

cpa6aTbiBaHHe )lHCKpHMHHaTOpa B COCe)lHeM KaHane, Ha'IHH~ C KaKOH-TO BeJIH'IHHbl aMnJIH­

TYJlbl. Jlp11 3TOM BeJIH'IHHa aMnJIHTYJlbl, H3Mep51eM~ B aHO)lHOM TpaKTe, OCTaeTC51 HyJieBOH. 
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PHc.IO. PacnpeneneHHe BpeMeHH npone-ra B JaBHCHMOCTH OT HMnynbca. Pacnpe.aeneHHJI Mll 

OTpHU3TeJJb!fbiX H nOJJOJKHTeJlbHbiX '13CTHU nOJJyqeHbl npH npoTHBOnOJJOJKHbiX 3H3K3X M3llfHT· 
HOTO norill Ma!lfHTa «Goliath» 

HH3KHe noporn 10 MB (KOTOpbte MaKCHMaJJbHbi JIIJ.SI )laHHOH cHcTeMbl) <flaKTH'IeCKH 6biJJH 

eme HHJKC H3-3a W)'MOB, CMClUaiOlUHX 6aJOBYIO JJHHHIO Ha BXO)le JlHCKpHMHHaTOpOB. 0co-

6eHHOCTbiO 3TOH HaBOJlKH liBJUICTCll TO, 'ITO OHa Bbl3bJBaeT cpa6aTbiBaHHe COCC)lHero JlHC­

KpHMHHaT<>pa C 3a.ZlCplKKOH npHMepHO Ha 8 HC. TaKHM o6pa30M, Mbl HMeeM HCKaJKCHHe 

HH$opMaUHH JlJlll MCJlJJCHHbiX 'laCTHU, CCJIH B COCCJlHHH KaHan nonana KaKali-TO 'laCTHUa. 

3-fOT :;xtxpeKT JlOBOJibHO JICilCO YlfCCTb, HO OH npHBOJlHT K noTepe CTaTHCTHKH OKOJIO 15%. 

3aKJIIO'ICHHe 

ABTOpbl BblpaJKaiOT 6n aroJlapHOCTb aKa.aeMHKY A .M.EanJlHHY Ja noJl)lep)I(KY pa60Tbl, 

KOJIJICKTHBaM XHMHKOB fla6opaTOpHH BbiCOKHX 3HeprHH H fla6opaTOpHH liJlCpHbiX npo6JteM 

3a BapKy CUHHTHJIJiliTOpa, KOJJJICKTHBY 3KCnepHMCHTaJJbHbiX MaCTepcKHX fla6opaTOpHH Bbi­

COKHX 3HepntH 3a OOJJbWYIO pa6ory no MexaHH'ICCKOH o6pa60TKe CUHHTHJIJiliTOpa, 

O.K.MaHbliKOBy 3a KOHCYJibTauHH no MOJlH<flHKauHH 3JICKTPOHHKH, a TaK)I(e BCeMy KOJI­

JICKTHBY 3KcnepHMeHTa W A 98, H npe)I(Jle scero A.Op3bJ6bma 3a 6onLwy10 noMOlUb B MOH­

TaJKe H 3KCnnyaTaUHH CHCTCMbl BpeMeHH npOIICTa. 

flHTepnypa 

l. CERN/SPSLC 91-17, SPLC/P260, May, 1991; 

Peitzmann T. et al. - Nucl. Phys., 1996, v.A61 0, p .200. 

2. Angelis A.L.S. et al. - Nucl. Phys., 1994, v.A566, p.605. 

3. Bonesini M. et al. - Nucl. lnstr. and Meth., 1988, v.A263, p.325; 1988, v .A264, 

p .205. 

PyKonHCb nocrynHna 5 MapTa 1997 ro)la. 
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OliPA30BAHHE <I>PAKTAJihHhiX CTPYKTYP 
HA llOBEPXHOCTH MATEPHAJIOB, 
QliJiyqAEMhiX CIUihHOTQqHhiMH 3JIEKTPOHHhiMH 
H HOHHhiMH nyqKAMH 

M.B.Anmauc~euu, B.B.HsaHos, C.A.KopeHes, 
O.JI.OpellOBU'l, H.B.lly3bmuH, B. B. qepHUK 

06cyJKLHUOTCll peJyJibTaTbi o6pa6oTKH MHKpmjxnorpaqmii nosepx OCTeii semecTB, o6ny­
'leHHbiX HMnyJibCHbiMH CHJ!bHOTO'IHbiMH 3JieKrpOHHbiMH H "HOHHbiMH ny'IKaMH. lloKaJaHO, 'ITO 
Ha o6nyqaeMoii nosepxHOCTH MOIYf o6paJOBaTbCll ljJpaKTaJibHbie cTpyKTypbi. Hx paJMepHOCTH 
onpeAeneHbi c noMOII1biO box-counting anropHTMa. 

Pa6oTa BbinOJIHeHa B Jia6opaTopHH Bbi'IHCJIHTeJibHOH TeXHHKH H asToMaTHJaUHH OH.SIM. 

Fractal Structure Formation on the Surfaces of Solids 
Subjected to High Intensity Electron and Ion Treatment 

M. V.Altaisky et al. 

We discuss the results of scanning electron microscopy of surfaces of the solids subjected 
to high intensity electron and ion beam treatment. The appearance of fractal structures on the 
modified surfaces is shown. The fractal dimensions of these structures were estimated by 
box-counting algorithm. 

The investigation has been performed at the Laboratory of Computing Techniques and 
Automation, JINR. 

IlOBepXHOCTHIDI MO.UH<!>HKaUJUI MaTepHanOB CHJihHOTOl!HhiMH 3JieKTpOHHhiMH H HOH­

HhiMH rryqKaMH Haxo.nHT wHpoKoe rrpHMeHeHHe B BhiCOKHX TexHOJIOfH}IX [1,2]. O.nHaKo, 

HeCMOTp}l Ha 06HJIHe 3KCIIepHMeHTaJlhHOfO MaTepHana, MeXaHH3M B3aHMO,[leHCTBH}I HHTeH­

CHBHhiX Il}"'KOB C IJOBepXHOCThiO TBep,nOrO TeJia eme He ,[{0 KOH a }!CeH. IlOHHMaHHe IIpO­

uecca H3MeHeHH}I MOp<!>OJIOrHH IJOBepXHOCTH o6nyqaeMbiX o6pa3UOB MO:lKeT ,[laTh KJI!Ol! K 

IJOCTPOeHHIO <!>HJHlleCKOH MO,[leJIH, KOTOpru!, C O,[lHOH CTOpOHhl, MO:lKeT 06'b}ICHHTh Ha6JIIO,nae­

Mhle peJyJihTaThi, a c .npyroi1 - IIOJBOJIHT KOHTPOIIHposaTh rrpouecc <PoPMHpoBaHJ.Ijj rrosepx­

HOCTHOro CJIO}I. IlocJie,[lHee 06CTO}!TeJibCTBO OC06eHHO Ba:lKHO ,[lJI}I rrpaKTHl!eCKOfO IIpHMe­

HeHH}I. 

IlpH 06JiyqeHHH MaTepHanOB HMIJYJihCHhiMH CHJihHOTOl!HhiMH 3JieKTpOHHhlMH H HOHHhi­

MH Il}"'KaMH Ha6JIIO,[la!OTC}I KaK CTpyKTypHo-<t>aJOBbie H3MeHeHJ.Ijj, TaK H H3MeHeHH}I MOp<t>o­

JIOrHH IJOBepXHOCTHOfO CJIO}I, TOJIU{HHa KOTOpOrO JaBHCHT OT KHHeTHl!eCKOH 3HeprHH 
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qacTHU nyqKa. Bt.teCTe c TeM, pe3yJibTaTbl Hccne.uosaHHH B o6nacTH cpH3HKH KOH.lleHcH­

posaHHbJX cpe.U, 8 'laCTHOCTH , cpopMHpOBaHHll KOH.lleHCHpOBaHHOH CHCTeMbl 8 HepaBHOBeC­

HbiX ycnoBHliX [3], Kor.ua o6pa3yet.toe sewecTBO npe.ucTaBJilleT co6oif He cnnowHyiO cpe.uy, 

a nopHCTble cppaKTanbHble CTPyK1)1Jbl, noJBOJiliiOT no-HoBot.ty no.uoifTH K sonpocat.t t.topcpo­

nomH nosepxHOCTH o6pa3uos, o6nyqaeMbJX 3JieKTPOHHbJMH " HOHHbJMH nyqKaMH. Kpot.te 

TOfO, pa3BHTHe COBpeMeHHbiX MeTO.UOB Bbi'IHCJIHTeJibHOH cpH3HKH [ 4) n03BOJilleT npHMeHHTb 

HOBble nO.UXO.llbl .llJlll peweHHll pacCMaTPHBaeMOH npo6neMbl. 

B HaCTOliWeH pa6oTe o6c}')KllaeTCll HOBbJH t.texaHH3M cpopt.tHposaHHll cppaKTaJibHbJX 

CTPyKTYP B nosepxHOCTHOM cnoe TBep.uoro Tena, o6nyqaet.toro CHJibHOTO'IHbJMH 3JieKTpOH­

HbiMH H HOHHbiMH nyqKaMH. flpHBO.llliTCll pe3yJibTaTbl 'IHCJieHHOfO aHaJIH3a cppaKTaJibHbiX 

CTPyKTYP .llJlll pa311H'IHbiX o6paJuos. 

1. MexaHH3M o6pa30BaHHll nony'leHHll cppaKTaJibHbiX CTPYKTYP 

npK· 06Jly'leHH H HMnyJibCHbiM ny'IKOM 

B HaCTOliWee speMll H3BeCTHO HeCKOJibKO MeTO.UOB nonyqeHHll cppaKTaJibHbJX CTpyKryp 

Ha nosepXHOCTH TBep.UbiX TeJI: 

- 3JleKTpH'IeCKHH 83pb1B npoBOJIOKH [5); 
- HarpeBaHHe BOJibcppaMOBOH CnHpanH 8 BaKY)'Me [6) ; 

- B3pb1B MaTepHana [7]; 
- CJKHraHHe SiH [8]; 

- JiaJepHoe o6nyqeHHe MeTannos [9,10]. 
B noCJie.UHeM cnyqae, npH o6nyqeHHH o6pa3ua naJepHbJM H3JlY'feHHeM s6JIH3H nosepx­

HOCTH o6pa3yeTCll CJia60HOHH3HpOBaHHbiH nap MeTanJia, KOTOpbiH, paCWHpllliCb B npOCTPaH­

CTBO, BHa'lane OXJlaJK.ll~eTCll, a 3aTet.! KOH.UeHCHpyeTCll Ha HOHaX. Kor.ua Tet.tneparypa o6pa-

3YIOWHXCll 'laCTHU CTaHOBHTCll MeHbWe Tet.tneparypbl nJiaBJieHHll MaTepHana, 'laCTHUbl 

MeTanna KJiacTepH3yJOTCll , o6pa3yll cppaKTanbHbJe CTPyK1)1Jbl B nosepxHOCTHOM cnoe o6ny­

qaet.toro MeTanna. 

Hat.tH o6c}')KllaeTcll HOBbJH t.texaHH3M cpopt.tHposaHHll cppaKTaJibHbJX CTPyK1)1J, CYTb Ko­

Toporo COCTOHT B CJie.Uy!OWeM. flpH o6nyqeHHH nOBepXHOCTH o6pa3Ua HMnyJibCHbiM nyqKOM 

'laCTHU B o6pa3ue, Ha my6HHe, onpe.UeJilleMOH KHHeTH'IeCKOH 3HeprneH 6ot.t6ap.UHpyJOWHX 

'laCTHU, B Te'leHHe KOpOTKOfO npot.teJKYTKa BpeMeHH npOHCXO.UHT 3aMeTHOe BbJ.UeJieHHe 

3HeprHH . B pe3yJibTaTe 3Toro npH o6nyqeHHH o6pa3ua 3JieKTPOHaMH npoHCXO.UHT nnas­

neHHe nOBepXHOCTHOfO CJIOll C nOCJie.UyJOWeH KpHCTaJIJIH3aUHeH HJIH at.topcpH3aUHeH, a 8 

CJiyqae HOHHOfO nyqKa Ha6JIIO.UaeTCll HOHHOe nepet.teWHBaHHe [11) . flpH 3TOM 8 yCJIOBHliX 

HHTeHCHBHOH .llHCCHnaUHH npoHCXO.llliT cpa30Bble npeBpaweHHll BeWeCTBa, xapaKTepH3yeMbJe 

o6pa30BaHHeM nOpHCTbiX cppaKTaJibHbiX arperaTOB, nO.U06HO TOMy, KaK 3TO HMeeT MeCTO 

npH Jla3epHOM o6nyqeHHH MeTaJIJIOB [9, 10). 

EcnH TaKOH MeXaHH3M .ueHCTBHTeJibHO peanHJyeTcll, TO Haw no.uxo.u HMeeT pll.ll npeHMY-

wecTB no cpasHeHHIO c n a3epHbJM o6nyqeHHet.t: 

- MaKCHMaJibHO HCnOJib3yeTCll 3Hepmll nyqKa; 

- .UOCTHraeTCll 60JibW all my6HHa npOHHKHOBeHHll nyqKa 8 o6pa3eU; 

- B03MOJKHa pef)'JIHpoBKa 3HeprHH, BbJ.UeJilleMOH 8 o6pa3Ue. 
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AHaJJH3HpyeMbie o6pa3Ubi 6bmH nonyqeHhi Ha ycTaHOBKe 3fli10HA (flCB3 0115111), 

fl03BOJI51IOIUeH cpopMHpOBaTb 3JieKTpOHHbie H HOHHbie fl)"'KH CO CJie.UyJOIUHMH napaMeT­

paMH [12]: 

- KHHeTH'JeCKall ::meprnll HOHOB H 3JieKTpOHOB 

- .!IJIHTeJibHOCTb HMnynbCa TOKa nyqKa 

- fiJIOTHOCTb TOKa nyqKa 3JieKTpOHOB 

- riJIOTHOCTb TOKa fl}"'Ka HOHOB 

-COpT HOHOB 

100 + 150 K3B 

300 HC 

I 00 + 1000 AlcM
2 

5 ~ 200 AlcM
2 

EnoK-cxeMa ycTaHOBKH noKaJaHa Ha pHc. l, a Ha pHc.2 npHse.ueHhi BOJihT-aMnepHhie 

xapaKTepHCTHKH HCTOtJHHKa HOHOB .!IJlJI THTIHtJHhiX MaTepHanoa: B e, C, Cu, AI. ,Un.11 o6ny­
tJeHHJI HCTIOJib30BaJIHCb MeTaJIJibl, MeTaJIJIHtJeCKHe TIJieHKH Ha fiO.[IJIO:lKKaX H3 KpeMHHJI, a 

TaK:lKe BhiCOKOTeMneparypHbie csepxnpoBO.UHHKH. MuKpocpoTorpacpHposaHHe noaepxHOCTH 

o6nyqeHHbiX o6pa3UOB npOBO.UHJIOCb Ha CKaHHpyJOIUeM ~JieKTpOHHOM _MHKpOCKOTie JSM870. 

I 

~ 9 

PHc. l . EnoK-cxeMa ycraHoBKH. I - reHepaTop HMnynbcHoro Hanpl!JKeHHJI, 

II - riJiaJMeHHbiH 3MHTTep MeKTpoHoB H HOHOB, I - npoxo.uHoii BbiCOKo­

BOJibTHbiH H3onliTOp, 2 - 3MHTTep tiaCTHU; 3 - BbiTJI!l1BaiOIUHH 3JieKTpO.U, 

4 - KOJIJIHMaTOp, 5 - TpaHc!}>opMaTOp PoroscKoro, 6 - IUYHT ToKa, 7 -
o6pa3eU, 8 - BaKYYMHall KaMepa, 9 - OCUHJIJIOrpa!}J 
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0 L-----~------~----~------~----~----~ 
zoo 400 

U(kV) 
600 900 

PHc.2. 80JlbT-a~mepHaJI xapaKTepHCTHKll HOHHoro llHOll3 ycraHOBKH 3JIH0HA 
Llllll THIIH'IHbiX MaTepHaJJOB Be, C, Cu, AI, CHliTaJI npH MHTeJlbHOCTH HMIIYJibca 
3()() HC. PacCTOliHHe MeliClly llHOllOM H KllTOllOM - 7 MM 

2. Onpe.lleJJeHHe <fl p aKTaJJbHOH paJMepHOCTH 

Jlm1 aHaJJHJa MHKpo<floTorpa<fJH~ 6bma pa3pa6oTaHa nporpaMMa PLATO, HCnOJJbJyiO­

lllasl box-counting anropHTM, onHCaHHbiH B [13]. Tipoue.11ypa o6pa6oTKH HJo6piDKeHHH Ha 

MHKpcxpoTorpa<fJIDix cocrmma B cne.llyiOIUeM. Bee rpa<fJH'IeCKHe <flaH.rtbt (paCTPbt), nonyqeH­

Hbte B pe3yJJbTaTe CKaHHpOBaHH.II MHKpo<floTorpa<fJHH, npHBO.IlHJIHCb K '1epH0-6eJJOH UIKaJie: 

scero 256 rpa.llaUHH oT qepuoro (0) .110 6enoro (255). 3aTeM pacTPbi npeo6paJOBbtBanHCb 

cornacHo CJJC.IlYIOllleMy anropHTMy. Bbt6Hpanc.ll rpaHH'IHbiH useT X: 0 < X < 255. 3aTeM see 

UBeTa, Ha'IHHasl C UBeTa X H BbiWe, JaMeH.IIJJHCb Ha 6eJJbiH UBeT, a OCTaJJbHbte - Ha 'lepHbiH. 

TipH 3TOM UBCT X Bbi6HpaJJC.II TaKHM o6pa30M, 'ITOObl HJOUBeTOBasl JJHHIDI HMeJJa MaKCHMaJib­

HYIO .1111HHy. 

!ln.11 nposepKH pa6oTocnoco6HOCTH nporpaMMbt H onpe.11eneHH.II norpewuocTH 6btJJH 

npOBC.IleHbl HJMepeHH.II paJMepHOCTeH TeCTOBbiX 06oeUOB: np.IIMOH JJHHHH (D = 1), KpHBOH 

Koxa (D =In 4/ln 3 = 1,2618 ... ), KpHBOH fHBeHa (D =In 6/ln 3 = 1,63092 ... ). OTuocH­

TeJJbHasl norpeWHOCTb He n peBbiWaeT 0,04. 

8biBO.Il 0 TOM, 'ITO H3o6paxeHH.II Ha MHKpo<fJOTOrpa<fJH.IIX, IIOIIYIJeHHbiX B npouecce 

3KCnepHMeHTOB C 3JJCKTPOHHO-HOHHbiM HCTO'IHHKOM, .IIBJJ.IIIOTC.II <flpaKTaJJaMH, OCHOBaH Ha 

peJyJJbTaTax Bbi'IHCJJeHHH .lliiHHbi KpHBOH, «paJ.IleJJ.IIIOIUeH» yqacTKH paJuoro useTa. Tio.ll­

C'IHTaB KOJJH'IeCTBO KBa.llpaToB N(O) co cTopoHOH o, ueo6xo.llHMbiX .1111.11 noKpbtTH.II YKaJaH­

HOH KpHBOH, MO.lKHO onpe.lleJJHTb .llJIHHY KaK L(O) = N(O)O. 
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0pOBe,UeH aHanH3 .[laHHbiX 3KCnepHMeHTOB, BbinOJIHeHHbiX C UeJibiO H3)"1eHID! npouecca 

H3MeHeHH~ MOpQJOJIOrHH nosepXHOCTH H YJI)"'llleHH~ 3KCnJiyaTaUHOHHbiX CBOHCTB o6JI)"'ae­

MbiX MaTepHanOB. 

3 . 1 . 3JieKTpOHHOe 06Jiy'leHHe 

OpHse.ueM pe3yJibTaTbi o6nyqeHH~ cTanH Y8 H nJieHKH Nb(3)Ge Ha nO.UJIO:lKKe H3 He­

p:lKaseJOmeii cTanH. 

PHc.3 co.uep:lKHT !j>oTorpa!j>HJO nosepxHOCTH o6nyqeHHOH HHCTp)'MeHTanbHOH cTanH Y8, 
nOJI)"'eHHYIO Ha CKaHHpy!OilleM 3JieKTpOHHOM MHKpOCKOne. 06nyqeH e npOBO.UHJIOCb 3JieKT­

pOHHbiM ll)"'KOM C KHHeTH'IeCKOH 3HeprHeH 250 K3B npu TOKe 1 00 A H )lJIHTeJibHOCTH 

HMllYJibCa 300 HC. 

<l>oTOrpa!j>HH nosepxHOCTH Nb(3)Ge, B3~Tbie H3 pa6oTbi [14], n p use.ueHbi Ha puc.4. Ha 

HHX noKa3aHa nosepxHOCTb nJieHKH Nb(3)Ge, nonyqemwii Ha Jie HTe 113 Hep:lKaseJOmeii 

CTanH H3 napOBOH QJa3bl (pHc.4a) H 06JI)"'eHHOH HMnyJibCHbiM 3JieKTpOHHbiM ll)"'KOM np11 

ln(L) Foto f44 
10.5 

10 

9.5 + 
+ 

+ 
9 ++ 

++ 
8.5 ++ 

ln(o) 
8 

0 0.5 1.5 2 2.5 

PHc.3. MHKpotpoTorpaqm~ nosepxHOCTH o6JiyqeHHOH HHCTpYMeHTaJibHOH CTaJIH Y8 H rpa¢HK JaBH­

CHMOCTH JlJIHHbi HJOUBeTOBOH JIHHHH L OT paJMepa ll'leHKH noKpbiTHll 8 (B nHKCeJiliX). HafuleHHall 

paJMepHOCTb HJOJIHHHH D = I, 7. 

ln(L) Foto f61 

9.5 

9 

8.5 
+ 

8 

7.5 

7 +--t----i---t--+---1'"'6) 

0 0.5 1.5 2 2.5 

PHc.4a. MHKpo¢oTorpa¢Hll nosepxHoCTH nneHKH Nb(3)Ge, nonyqeHHOH HJ n aposoi! ¢aJbi Ha no)l11oJK­

Ke HJ HepJKaBeJOUleH CTaJIH H rpatlJHK JaBHCHMOCTH JlJIHHbl HJOUBeTOBOH JIH HH L OT paJMepa ll'leHKH 

noKpbiTHll 8 (B nHKCeJiliX). HafuleHHall paJMepHOCTb HJOJIHHHH D = I ,6, 
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ln(L) 

95 

9 

' 85 

8 

75 

Foto f62 
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+ + + 

+++ 
++ 

7 +-----+--~-+-____,ln(s) 
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PHc.46. MHKpo<j><rrorpacpHll o6JJ)"'eHHoii nosepxHOCTH Nb(3)Ge I = 300 NcM2 H rpacpHK 33BHCHMOCTH 

.MHHbJ H30UBeTosoii JJHHHH L <YT pa3Mepa ll"'eiiKH noKpbiTHJI o (B nHKcenllx). Haii.aeHHaJI pa3MepHOCTb 

H30JIHHHH D = 1 ,5 

ln(L) Foto f63 
9.5 

9 

8.5 

8 

7.5 

+ 
+ +++++++-

7 +--+----.,--+--+---;ln(s) 

0 0.5 1.5 2 2.5 

PHc.4s. MHKpocpororpacpHll o6JJ)"'eHHGii nosepXHOCTH Nb(3)Ge I= 700 A/cM2 H rpacpHK 33BHCHMOCTH 

.MHHbJ H3ouserosoii JJHHHH L or paJMepa ll"'eiiKH noKpbiTHll o (B nHKCenllx). Haii.aeHHaJI pa3MepHOCTb 
H30JIHHHH D = 1.4 

;// /~~ 
";~ /"" ·~ 

.. ~· ' .l .,<><~~ .~ .. ' 
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ln(L) Foto 154 
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PHc.4r. MHKpocpororpacpHll o6JJ)"'eHHoii nosepxHOCTH Nb(3)Ge I = 1000 NcM2 H rpacpHK 33BHCHMOCTH 

.MHHbJ H30UBerosoii JJHHHH L <YT paJMepa ll"'eiiKH noKpbiTHll o (B nHKCeJJliX). Haii.aeHHaJI pa3MepHOCTb 
H30JIHHHH D = I ,3 
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pC13JJHl.JH011 rrn o THOCTH 3JJeKTpOHHoro TOKa: 300 A/cM
2 

- pHc.46, 700 A/cM
2 

- pHc.4s, 

1000 A/cM
2 

- pHc.4 - rrpH KHHeTHl.feCKOH 3HepmH 3JJeKTpOHOB 10 K3B H .UJIHTeJJbHOCTH 

HMrryJibca TOKa ITYl.JKa 30 HC. B nocne.uHeM CJiyYae Ha cpoTorpaqm51x BH,UeH rrosepxHOCTHbiH 

nponna'l nneHKH. 

3 . 2 . l1oHHoe o6nyl.feHHe 

<l>oTorpacpHH rrosepxHOCTH rrneHKH Ti, o6nyYeHHOH HOHaMH Ti, ope.ucTaBJieHbi Ha 

pHc .5a H 56. Pe)I(HMbl o6JiyYeHH51 OTJIHl.JaJIHCb KHHeTHl.JeCKOH 3Heprnei1 O,UH03ap51.UHbiX 

HOHOB THTaHa: pHc.5a COOTBeTCTByeT 3HeprnH HOHOB THTaHa 250 K3B , pHC.56 - 400 K3B. 

ln(L) Foto f71 
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0 0.5 1.5 2 2.5 

PHc.5a. MHKpocpoTorpacpm! o6JJ)"JeHHofi nosepxHoCTH ITJieHKH Ti U = 250 K3B H rpacpHK 3aBHCHMOCTH 

MHHbi H30UBeTosoii JJHHHH L oT pa3Mepa ll'leiiKH noKpbiTHll 0 (B nHKCeJJllX). HaH.ueHHal! pa3MepHOCTb 

H30JIHHHH D = 1,0 

ln(L) Foto f72 
9.5 
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PHc.56. MHKpocpoTorpacpHll o6n)"'eHHoii nosepxHOCTH ITJieHKH Ti U = 400 K3B H rpacpHK JaBHCHMOCTH 

MHHbi H30UBeToBoii JJHHHH L oT pa3Mepa l!tJeiiKH noKpbiTHll o (B nHKCeJJllX). HaH.ueHHal! pa3MepHOCTb 

H30JIHHHH D = 1 ,6 

3.3 . <l>paKTaJibHbie cTpyKTYPbi 

)ln51 ma.uKHX KpHBbiX npH 8 -t 0 seJJHl.JHHa L(b) cTpeMHTC51 K n ocT051HHOH seJJHl.JHHe, 

pasHoii ee ,UJJHHe. O.uHaKO ,UJJ51 KpHBbiX Ha MHKpocpoTorpacpH51X 3Toro He rrpoHCXO.UHT. Ha 

rpacpHKaX, npHBe.UeHHbiX 803Jie Ka)I(,UOH MHKpOcpOTorpacpHH, ITOKa3a a 3aBHCHMOCTb L(b) OT 

0, ITOCTpOeHHa51 8 JJOrapHcpMHl.JeCKOM MaCWTa6e. l13 3THX rpacpHKOB CJie,ayeT, l.JTO ,UJIHHbl 
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KpHBbtX onHcbtBaiOTCst npH6nHJKeHHOH ¢opMynoi-i L(O) - 81 
- D c noKaJaTeneM cTeneHH 

D > I. 3-roT ¢aKT yKa3btBaeT Ha TO, 'fTO CTPYKTYPbi, H3o6paJKeHHbte Ha ¢oTorpa¢Hstx, 

HMeiOT ¢paKTanbHbiH x apaKTep. 

J.1J paCCMOTPeHHSI npel!CTaBneHHbiX 3KCnepHMeHTanbHbiX l{aHHbiX H pe3ynbTaTOB 'fHC­

neHHOfO aHanH3a cnellyeT, 'fTO noBepXHOCTb o6n}"leHHbiX o6pa3UOB HMeeT ¢paKTanbHYIO 

npHpOl!y. npH 3TOM 3aMeTHM, 'fTO HallJH pe3ynbTaTbl HOCSIT npel!BapHTenbHbiH xapaKTep, H 

HaMH He npOBOllHTCSI l{eTanbHbiH aHanH3 npHMeHHMOCTH HeKOTOpbtX MOl{enbHbiX npel{CTaB­

neHHH MSI OnHCaHHSI n On}"laeMbiX 3KCnepHMeHTanbHbiX pe3ynbTaTOB. 

4. 06cyJKlleHHe peJynbTaTOB 

<l>opMHposaHHe ¢ paKTanbHbtX CTPYKTYP Ha nosepxHOCTH paJllena (HHTep¢eHca) Ha6niO­

llaeTcst 3KcnepHMeHTan bHO yJKe llOCTaTO'fHO l!aBHO, npelKJle scero B npoueccax o6pa3oBaHHst 

TOHKHX nonynpOBOllH HKOBbiX nneHOK (CM., HanpHMep, [ 10]) H KpHCTannH3aUHH. npoCTeH­

Wast MOl!enb, OnHCbtBaiOWast TaKHe npoueCCbl, - HenHHeHHOe CTOXaCTH'feCKOe llH<P¢epeH­

UHanbHOe ypaBHeHHe THna Kapllapa- napH3H- 3aHra (KPZ) [15], noBel{eHHe peweHHH 

KOTOpOrO XOTSI H OfustCHsteTCSI Ka'feCTBeHHO, HO B CHnY MaTeMaTH'feCKHX Tpyl!HOCTeH, o6y-

cnosneHHbiX 3Ha'fHTenbHbiM BKnal!OM OT HenHHeHHOfO 'fneHa J...('\lh)2
, He MOJKeT 6biTb Ol!H0-

3Ha'fHO CBst3aHO C ynpasnstiOWHMH napaMeTpaMH BHeWHeH cpellbl, B KOTOpOH npOHCXOllHT 

¢opMHpOBaHHe ¢paKTanbHbiX arperaTOB. 

B cnYtfae n}"'KOBbi X TexHonorHH npoueccbt npoHCXOllstT Ja O'feHb KOpOTKHe speMeHa, 

KBa3Hal!Ha6aTH'feCKH . P onb HenHHeiiHoro 'fneHa, ynoMstHYTOro BbtWe, npH 3TOM nal{aeT H 

TaKHe napaMeTpbi CTPYKTYPbi, KaK nopHCTOCTb (a cnel!OBaTenbHO, ¢paKTanbHast pa3-

MepHOCTb) H npO'fHOCTb, nonHOCTbiO onpel{enstiOTCSI CBOHCTBaMH MaTepHana H CBOHCTBaMH 

n}"!Ka. B npoCTeHweH MOl!enH THna KPZ, B ycnoBHstX ManocTH HenHHeiiHoro 'fneHa, aHanH3 

nOl!06Hst l{aeT l!nst pa3MepHOCTH HanbtnsteMOH nosepxHOCTH D F = 2,5 + ~- Manast nonpaBKa 

~ onpel!ensteTCSI 3HepreTH'feCKHM pa36pOCOM nYtfKa H CKOpOCTbiO nosepXHOCTHOH llH¢cpy-

3HH . 06a napaMeTpa XOp OWO KOHTpOnHpyiOTCst: nepBbiH - H3MeHeHHeM napaMeTpOB HCTO'f­

HHKa 'faCTHU, BTOpOH - npel!BapHTenbHOH o6pa60TKOH nosepXHOCTH o6pa3Ua [16). 

npH nOBbiWeHHH 3HeprHH nYtfKa (W = /Ur:, rl{e I - TOK n}"!Ka, u - KHHeTH'feCKast 

3HeprHst, 1 - MHTen bHOCTb HMnynbCa), KOfl!a llOMHHHpyiOWHMH CTaHOBSITCSI npoUeCCbl 

nnasneHHst, KpHcTannHJauHH H aMopcpH3aUHH, a ponb npHnHnaHHst KnacTepos YMeHbwaeTcst, 

OCHOBHbiMH npoueCCaMH CTaHOBSITCSI 6btCTpbtH pa3orpeB H oxna)I(JleHHe nosepXHOCTHOfO 

cnost, 6narol!apst 'feMy, KaK noKa3aHo 3KcnepHMeHTanbHO [ 1], yn}"!WaiOTCst npo'fHOCTHbte 

CBOHCTBa o6n}"laeMOro MaTepHana. YfMeHHO 3TO H Ha6niOl{anOCb npH HCCnel{OBaHHH MHKpO­

cpOTOrpacpHH. TaK, cppaKTanbHast pa3MepHOCTb HJOnHHHH Ha cpoTorpacpHstx o6n}"leHHOH 

HHCTpyMeHanbHOH CTanH (pHC.3) nal{aeT C ysenw.JeHHeM HHTeHCHBHOCTH n}"!Ka C 1,6l!O 1,3 . 

B uenoM JKe, pa3MepH OCTb HJonHHHH nonal{aeT s npel!enbt 1,3 + 1,7 (a caMHX not;~epxHo­

CTeH, cnel!OBaTenbHO, oKono 2,3 + 2,7), 'fTO Hennoxo comacyeTcst c MOl!enstMH THna KPZ, 

ynoMstHYTbiMH Bbtwe. llHHaMHKa 3THX npoueccos, 6eJycnosHo, JacnYJKHBaeT my6oKoro 

HCCnel{OBaHHSI, XOTSI, n O-BMHMOMy, He npOstBnsteTCSI Henocpel!CTBeHHO B Ha6niOl{aeMbiX 

CBOHCTBaX nosepXHOCTH. 
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B HacTo~weii pa6oTe wccne)lo8anacb He <IJpaKTaJibH~ paJMepHOCTb caMoi1 no)l8eprrnei1-

Cll o6nyqeHHIO no8epXHOCTH, a JIHillb ee H30(U8eT08bie) JIHHHH . .IJ:n~ )lOCTaTOqHQ fna)lKHX 8 

rpaHC8epCaJibHOM Hanpa8neHHH <IJpaKTaJibHbiX no8epXHOCTeH - :n o, HanpHMep, HMeeT 

MeCTO )ln~ JeMHOfO naH)lrna<IJTa - pa3MepHOCTb n08epXHOCTeH p08HO Ha 1 npeBOCXO)lHT 

pa3MepHOCTb HJOJIHHHH ( 17); cne)lOBaTenbHO, MO)I(HO OUeHHTb pa3Me HOCTb CaMOH no8epx­

HOCTH H CpaBHHTb pe3yJibTaTbl C TeOpeTHqeCKHMH npe)lCKaJaH~MH . 8 cnyqae MeTaJIJIOB, 

00)l8eprlliHXC~ no8epXHOCTHOH MOJlH<IJHKaUHH, TaK~ CB~Jb .llBJI~eTC~ XOT~ H 8eCbMa 8epo~T­

HOH, HO He caMooqeBHJlHOH. 3)leCb, 6eJycnosHo, 8a)I(Hbi JlaJibHewrnwe wccne)lOBaHH~. TPe-

6)'10mHe npeUHJHOHHOH 3JieKTpOHHOH MHKpOCKOnHH. 

Bbl80)lbl 

3KcnepwMeHTaJibHO noKaJaHo, qTo 8 peJynbTaTe o6nyqeH~ T8epJlbiX MaTepwano8 

HMnynbCHbiMH CHJlbHOTQqHbiMH 3JieKTpOHHbiMH H HOHHolMH nyqKaMJol Ha no8epXHOCTH 

o6paJU08 o6paJyiOTC~ <IJpaKTaJibHbie CTPYKTYPbi, HMeiOIUHe paJHbie <IJpaKTaJibHbie paJ­
MepHOCTH. 11MeiOTC~ onpe)leneHHbie TeopeTHqeCKHe npe)lnOCbiJIKH K ycTaHOBJieHHIO <>8~3H 

Me)l()ly o6paJyeMOH Ha no8epxHOCTH MaTepwano8 cTpyKTypoii H npoHCXOJl~IUHMH <IJH3HKO­

XHMJ.IqecKHMH npoueccaMH, O)lHaKo 3TO Tpe6yeT JlaJibHeiirnero 6onee )leTaJibHOro wJyqeHH~ 

HCCJie)lyeMOI'O ~BJieHH~. 

Pa6oTa 8bmonHeHa npw noMep)I(Ke PoccwiicKoro <PoH)la <PYHJlaMeHTaJibHbiX wccne)lo­
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PRODUCTION OF NUCLEI IN 32
,3

4
,3

6S-INDUCED REACTIONS 
IN THE ENERGY RANGE 6 + 75 MeV/A 

O.B.Tarasov1, Yu.E.Penionzhkevich 1, R.Anne2, D.S.Baiborodin 1
, 

D.Guillemaud-Mueller3
, A.S.Fomichev\ R.KaTakchieva1

, 

M.Lewitowici, S.M.Lukyanov1
, V.Z.Maidikov, A.C.Mueller3

, 

Yu. Ts. O~anessian 1, M.G. Saint-Laurent2, N.K. Skobelev\ 
O.Sorlin , V.D.Toneev4

, W.Trinder2 

Some regularities in the production of isotopes with 6 ~ Z ~ 14 are investigated in reac­

tions induced by 32•34•36S beams at 6 < E < 75 MeV/A on targets of nate , 181Ta and 191 Au. 
The isotope yields and the most probable fragment mass A (for a given Z) are studied as a 
function of target, projectile mass and energy. A comparison is made of the experimental data 
at low energies with calculations in the framework of the dynamical model of deep inelastic 
collisions. The obtained data are considered .frorri the point of view of the feasibility of heavy 
ion beams for producing nuclei far from the line of stability. 

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR, 
and at GANIL (France). 

06pa30B3HHC Jl,li;Cp B peaK~HJIX C HOH3MH 32,34,368 
B ,~~;uanaJone 3Hepruif 6 + 75 M3B/A 

O.E.Tapaco6 u ap. 

B HaCTOllllleii pa6oTe HCCJiellyJOTCll JaKOHOMepHocm o6paJ08aHHll pa3.11H'IHhiX H30Tono8 

3JieMeHT08 C 6 ~ Z ~ )4 8 peaKl{HJIX Ha ny'IKaX 32
•
34

•
365 8 liHanaJOHe JHeprnH 

6 ~ £ ~ 75 MJB/A. noJIY'IeHbl 8biXOllbl llllep 8 3aBHCHMOCTH OT MHWeHH, OT JHeprnH nyqKa H 
OT HeHTpOHHOrO H36biTKa llllep ny'!Ka. Ha OCH08e 3KCnepHMeHTaJibHOH HHQJOpMal{HH )laHbl 

OlleHKH OOpa308aHHJI pa3.11H'!Hb!X H30TOn08 liJill npoMeJKYTO'IHbiX JHeprnH Ha nyqKaX 32
•
34

•
365. 

npH8e)leHbl cpa8HeHHll 3KCnepHMeHTaJibHbiX pe3yJibTaT08 8 06JiaCTH HH3KHX JHeprnH C paC'!e­
TaMH no liHHaMH'!eCKOH MOlleJIH myOOKOHeynpyrnx CTOJIKH08eHHH. nonyqeiiHbie )laHHbie 06CyJK· 
llaJOTCJI C TO'IKH 3peHHll 803MOJKHOCTeH peaKUHH C TlllKeJibiMH HOHaMH 8 lllHpOKOM liHanaJOHe 
JHeprnH liJill nOJIY'IeHHJI Jlllep, YllaJieHHbiX OT JIHHHH CTa6HJibHOCTH. 

Pa6on 8binOJIHeHa 8 Jia6opaTOpHH llllepHbiX peaKUHH HM.f .H.<I>nepo8a 0115111" 8 fAHI1JI 
(<l>paHUHll). 

1Fierov Laboratory of Nuclear Reactions, JJNR, Dubna. 
2Grand Accelerateur National d' Ions Lourds, Caen, France. 
3Institut de Physique Nucleaire, Orsay, France. 
4Bogoliubov Laboratory of Theoretical Physics, JJNR, Dubna. 
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I . Introduction 

Heavy-ion induced reactions are shown to be one of the most efficient tools for pro­

ducing nuclei far from the stability line. The first experiments carried out in Dubna using 
22Ne and 40 Ar beams of 7 MeV I A resulted in the observation of about 20 new isotopes 

lying significantly away from stability [1,2] . In these experiments, a new heavy-ion-reaction 

mechanism was discovered which later on was called deep inelastic reactions [2]. This 

process, corresponding to a transitional regime between complete fusion and direct reac­

tions, has been well studied at energies up to 10 MeV/A. It was shown that in deep inelastic 

processes the production yields of different isotopes could be well described using 

statistical models [3], and could also be explained by the reaction Q-value taking into 

account pairing corrections (Q -systematics) [2] . However, the advent to the region of 
gg 

nuclear instability by using deep inelastic reactions was limited by the low production cross 

sections of the sought-after exotic nuclear species. Later, reactions with high-energy heavy 

ions were used, where as a result of the projectile fragmentation on a thick target many new 

neutron-rich light-element isotopes were produced with relatively high cross sections [4]. 

The advent into the region of more neutron-rich isotopes and of heavier elements required 

beams of heavy projectiles with higher intensities . In the late 1970s, the availability of new 

heavy ion accelerators of intermediate energies provided further possibilities of using reac­

tions induced by heavy ion beams of E =50+ 100 MeV/A for the production of new exotic 

nuclei. Very successful was proven to be the use of 36s and 48Ca beams in the fragmen­

tation of which many extremely neutron-rich nuclei were observed. A series of experiments 

using a 48Ca beam, performed within the GANIL-Dubna collaboration, made possible the 

observation and investigation of the properties of over 20 new isotopes lying close to the 

limit of particle stability [5]. There is evidence that, although for a certain domain of nuclei 

the fragmentation process is dominant already at 27 MeV/A [6], the multinucleon transfer 

reaction plays still a noticeable role. For example, in 58Ni(Z = 28)-induced reactions at 

55 MeV/A new neutron-deficient Cu isotopes were observed [7]. A similar effect, viz. 

production of charge pickup products (Z > 50), has been observed also in 112Sn-induced 

reaction at 63 MeV/A [8]. The continuous investigation of the mechamism of nuclear reac­

tions is closely con·nected with the projects for radioactive nuclear beam facilities , which 

will open new possibili ties for the study of exotic nuclei and where, for the generation of 

radioactive secondary beams, primary beams of very different energies will be used [9], e .g. 

100 MeV/A (GANIL), 20 MeV/A (Dubna) and up to I GeA/A (GSI and RII<EN). Ques­

tions arise concerning the extent of coexistence of different reaction mechanisms (e.g., 

multinucleon transfer reactions and fragmentation) at various energies, the dependence of 

the production rates on the projectile and target isospin, etc . 

The present work was undertaken in order to obtain experimental information on the 
trends in the formation of different isotopes with 6 s; Z s; 14 in reactions induced by 
32

·
34 .36s beams in the energy range 6 < E < 75 MeV/A . 
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2 ~ Experimental Procedure 

The experiments with 32
•
34S beams of energies 6 < E < 20 MeV/A were carried out at 

the U400 cyclotron of the Flerov Laboratory of Nuclear Reactions (JINR). The yields of the 
various isotopes were measured at a laboratory angle elab = 4° using the MSP-144 magnetic 

spectrometer [10] with a position-sensitive ionization chamber a the focal plane detector 
[ 11]. The solid angle was 0.85 msr; and the momentum acceptance, ± 4.1 %. In the measure-

ments, targets of nate ( 400 jlg I cm2 thick) and 197 Au (200 jlg I cm2 thick) were used. The 
beam monitoring was performed by means of a Faraday cup. The Z and A identification of 
the reaction products was done using the measured energy-loss (dE), total energy (E) and 
position (x) in the focal plane. The relations used are: 

z 32CI 

36CI 

16 

15 

14 

13 

12 

11 
18Ne 19Ne .• 

10 : ~*-
23.'1~;: 

•. 
24Na 

9 
17F ·'• 

.~· .. 21 Ne 22Ne 

140 150.,t' 1 17~. 8 180 .. 

7 
13N 

Z-q=O 

19F 

Z-q=1 
160 

-1 0 1 2 3 A-2Z 
Fig. I. Identification matrix (A - 22, Z) of the products of the 32 (14.5 MeV I A) + C 
reaction obtained at a magnetic field B = 0.7975 T. The left solid line passes through 
the completely stripped nuclei with zero isotopic spin. The right curve discriminates 
between regions of nuclei with charge q = Z and q = Z - I 
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Fig.2. Energy spectra of magnesium 

isotopes from the reaction 32S 
(14.5 MeV/A) +C. The horizontal error 
bars indicate the energy acceptance at the 
corresponding magnetic rigidity of the 
spectrometer. The vertical arrow indicates 
the primary beam energy. The curves are 
the result of smoothing 

(1) 

(2) 

where A, Z and q are the mass, the atomic number and the ionic charge of the nucleus, 
respectively, B - the magnetic field of the spectrometer and k - a constant. For a better 
presentation of the identified isotopes a two-dimensional plot of production yields as a 
function of A - 2Z and Z was used. One example is shown in Fig. I. As can be seen from 
the figure, in the given experimental set-up, a good separation of the isotopes ranging from 
C to Cl was achieved, which in tum allowed unambiguous identification of the reaction 
products. 

Several settings of magnetic spectrometer was used in order to obtain the energy 
spectra of the produced isotopes. Fig.2 represents the energy distributions of Mg isotopes 

obtained in the reaction 32s (14.5 MeV/A) +C. 

The 36S (75 MeV/A)-beam was provided by the accelerator complex GANIL (France) 
and the isotope yields were measured [12] with the help of the fragment separator LISE (13]. 

3. Experimental Results and Their Analysis 

The results discussed in the present work have been obtained in reactions induced by 
32 34 36s . . b d · · tons m a very roa energy range. 

The distributions of carbon, oxygen, neon, magnesium and silicon isotopes produced in 

the 36S (75 MeV/A)-projectile fragmentation on two targets (nate and 181Ta) are shown in 
Fig.3. To describe the experimental data on the production cross sections of the isotopes 
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Fig.3. Experimental isotopic distributions of carbon, oxygen, neon, magnesium 

and silicon nuclei obtained in the fragmentation of a 75 MeV/A 36S beam on two 

targets- 12C (closed symbols) and 181Ta (open symbols) [12]. The solid line is· 
the result of calculations for the Ta target based on a modification of the empi­
rical parameterization [ 14] 
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with atomic nubmers 6 :::; Z:::; 14 an empirical parametrization similar to the one in [14] was 
used. The calculations for the Ta-target, denoted by the solid line in Fig.3, show a satis­
factory agreement with the experimental data. It can also be seen that at an energy of 
75 MeV/A the production cross sections of neutron-rich nuclei are higher for the Ta than 
for the C-target. 

Figures 4a,b show the experimental isotopic distributions from the 32s (9.1 and 

16.1 MeV I A) beam for two target (nate and 197 Au), and Fig.4c - the calculations for 32S 
at 75 MeV/A, obtained. as for Fig.3 using the same set of parameters. From the comparison 
of the experimental data with the calculations it follows that the isotopic distributions can 
be described by a smooth curve close to a Gaussian distribution. The widths of these 

distributions at 9.1 and 16.1 MeV/A differ strongly for the two targets tate, 197 Au), at least 
for the isotopes of elements far from the projectile (oxygen and neon). At the same time, 
the yield of the neutron-rich isotopes of these elements in the case of the Au-target is 
significantly higher than in the case of the C-target. 

The comparison (Fig.5) of the differential production cross sections as a function of the 
atomic number Z of the products for different targets, projectile energies and projectile 
neutron excess has made it possible to draw the following conclusions about the trends in 
the formation of various nuclei in S-induced reactions. 

At energies 7 + 10 MeV/A for the light target, a rather large drop in cross section for 
smaller Z-values (or greater number of transferred protons) is observed: from 700 mb/sr, in 
the case of two stripped protons, to 1 mb/sr, for the stripping of 7 protons (see Fig.5a). At 
higher bombarding energies this difference decreases and at intermediate energies is negli­
gible (Fig.5b). Comparison of reactions induced by projectiles of different mass shows that 
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Fig.4. Experimental isotopic distributions of oxygen, neon, magnesium and silicon isotopes obtained for 

two targets, 12C (closed symbols) and 197 Au (open symbols), at a laboratory angle elab = 4° and at two 

different energies of 32S, 9.1 MeV/A (a), and 16.1 MeV/A (b). Calculated distributions for 75 MeV/A 
are presented for e1ab = 0° in (c). The curves on (a) and (b) are the result of smoothing 
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Fig.5. Differential production cross sections of elements vs the atomic number 

Z. Comparisons are made for: (a) different targets for the 32S beam (9.1 MeV/A), 

(b) different incident energies of the 32S beam on the C-target, (c) different 

neutron excesses of the projectile in the case of 32s (14.5 Me /A) and 34s 
(14.6 MeV/A) beams. The closed symbols in (a) correspond t theoretical 
calculations carried out in the framework of the dynamical model of deep 
inelastic collisions [ 17] 
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the cross sections obtained for 32S and 34S beams are very close to each other. Significant 
difference can be noticed only for products with Z higher than the projectile atomic number, 
which corresponds to the case of pick-up of protons by the projectile (Fig.5c). 

A comparison of the centers of gravity of the isotopic differential-cross-section-distri­
buions of Fig.4, corresponding to neutron excess values (N-Z), is shown in Fig.6 for the 
studied reactions as a function of the atomic number Z. In the case of the heavy target, one 
can observe on the average a shift of the centers of gravity in the direction of the neutron­
rich region when decreasing the bombarding energy (Fig.6a). On the contrary, the displa­
cement is towards the proton-rich side for the light target (Fig.6b). The observed trend is 
in a qualitative agreement with the microscopic theory of multinucleon exchange [15]. The 
direction of the flow of nucleons in the system is determined by the difference in the 
corresponding Fermi energies, with the nucleons «flowing» from the nucleus with a higher 
Fermi energy- to · the nucleus with the smaller one. The decreased shift in the centers of 
gravity with increasing the projectile energy in the case of the heavy target can be explained 
by the high · excitation, which can lead to the emission of a larger number of neutrons. 
Moreover, at small incident energies oscillations are observed in the centers-of-gravity 
distributions, due to odd-even effects, which are smoothed with increasing the energy. 
Figures 6c,d show the Z dependence of the most probable neutron excess of the produced 

isotopes for the two ion beams, 32s and 34S, at an energy of 14.5 MeV/A (experimental 
data) and at 75 MeV/A (calculated values). From Fig.6c it follows that, from the point of 
view of the production of neutron-rich isotopes, there is only a small advantage in using a 
34S beam compared to a beam of 32S at an energy of 14.5 MeV/A. However, at high 
energies some advantage can be expected, but only for the production of nuclei close to the 
projectile with Z ~ 12. 

As it was mentioned earlier, the yields of isotopes in deep inelastic processes are well 
described by the re<action energy (Q ). The cross sections are determined by the rela­

gg 

tion [2]: 

<J- exp{ [Q + !lE - o]/T}, 
gg c 

(3) 

where Q is the energy necessary for the rearrangement of the nuclei in the input channel 
gg 

into the nuclei in the exit channel, !lE - the change in the Coulomb energy of the system 
c 

due to the redistribution of protons between the nuclei and to the deformation of the system, 
o - the nucleon · pain ng corrections, and T - the temperature of the dinuclear system. 
Figure 7 presents the experimental differential cross sections for producing oxygen isotopes 
as a function of Q for different target-projectile combinations at various projectile ener-

gg 

gies. It can be seen that there is an overall good agreement between the experimental points 
and the expected from relation (3 ). Making use of the Q systematics, it is possible to 

gg 

estimate the yields of nuclei lying far from the stability line. 
The obtained experimental results are of great interest from the point of view of the 

reaction mechanism in volved in the formation of nuclei and because they give a possibility 
of estimating the usefulness of heavy-ion-induced reactions as a way to produce high­
intensity beams in radioactive nuclear beam factories. For this purpose it is necessary to 



Tarasov O.B. eta/. Production of Nuclei 

I\ 
N 

I 

z 
v 

1.5 a 

1.0 

0.5 

b 
1.0 

0.5 

0.0 

1.5 c 

1.0 

0 .5 

d 
4 

. ~L----------¢---9 . 1 _~-N• ·tp- --- ~, r : /2 
16, . : // '2---. Q- - . / 

- ·- · __ ;.. .- --· - · 7 5-- ·-·- ' - ·- ·- -- .- .- . :. : .·_ ·- ·- ·- ·- . 

-- 325(75 AMeV) + C,Au 

• - 0 - 325(9. 1AMeV)+Au 

. - ·0- · 325(16 AMeV)+Au 

. -·-·-· 325(75 AMeV)+Au 

- 0 - 325(6 .~AMeV)+C 

- -0 -- 325(9.1AMeV)+C 

- - 6 325( 16 AMeV)+C 

325( 75 AMeV)+C 

--0 -- 325(14 .5 AMeV)+C 

- 0 - 345( 14.6 AMeV)+C 

/ 
3 --- - 345(75 AMeV) + C,Au 

36 S 

365(75 AMeV) + C,Au 

2 

··· ··· · 
_____ .• ..:.. -" ~- , -~~- ~·-· c·~ :..· ~ ·--------- :------- -325· :----- · 

8 10 z 12 14 

ss 

Fig.6. Centers of gravity, expressed as (N-Z), of the differential distributions of Fig.4, as a function of 

the atomic number Z. Energy dependence for the 32S beam for the gold target (a), the carbon target (b); 
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consider the total reaction cross 
sections, which means that the angular 
distributions of the products have to 
be taken into account. 

The angular distributions at low 
energies 6 < E < 20 MeV/A were cal­
culated in the framework of the dyna­
mical model of deep inelastic colli­
sions [16,17]. This model takes into .... 
account both the dissipation of the ~ 

.0 
kinetic energy of the colliding nuclei E 
and the fluctuations of the motion of cf 
the nuclei with respect to the classical ~ 
trajectories, as well as the effect of t> 
deformation of the fragments in the "'0 

exit channel. The results of the calcu­
lations for producing oxygen nuclei in 

the 32s + 197 A reaction are presented 
in Fig.8. The solid and dashed curves 
correspond to deep inelastic fragments 
produced at different ion kinetic 
energy losses (M >50 MeV and 
M > E - V c). In Fig.8, two experi-

60' 

40 
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0 

a 

a 

0 

32S+Au ~0 

a- 16 AMeV (•) 
b- 9.1 AMeV (<>) 

50 100 

elab• deg 

57 

mental points from the present experi­
ment are also included. They are in 
agreement with the calculation corres­
ponding to the small kinetic energy 
losses. This implies that the differen­
tial cross sections can be transformed 
to total cross sections by integrating 
over the angular distributions for the 
small kinetic energy losses. 

Fig.8. Angular distributio s for oxygen isotopes obtained 

in the reaction 32S + Au at 16 MeV/A (a) and 
9.1 MeV/A (b), calculated in the framework of the dyna­
mical model of deep inelastic collisons [ 17]. The solid 
and dashed curves correspond to deep inelastic fragments 
produced at projectile kinetic energy losses M > 50 MeV 

In the intermediate energy 
domain, the maximum of the angular 
distribution of the reaction products 
lies at 9 :::: oo. The transformation of 

and M > E- V c The two points are from the present 

experiment 

the differential into total cross sections was made on the basis of the angular distributions 
calculated by the method used in Ref.18. In the laboratory coordinate system, the angular 
distributions of products at intermediate energies can be described according to [ 18] by the 
expressions: 

(4) 
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~here A and EA are the mass number and the kinetic energy of the fragment, respectively, 

E is the most probable value of the energy and a is the width of the fragment momentum 
p 

distribution . 
The total production cross sections for some isotopes of oxygen obtained by integrating 

over the angular distribut ions are shown in Fig.9 as a function of the energy of the pro-
. "I 32 34 36S A b f F. 9 h . . f . "d . Jecti es · · . s can e seen rom Ig. a t e cross sections nse or mci ent energies up 
to 15 + 20 MeV/A. For higher energies it can be speculated that they either go to a plateau 

( 150) or pass through a maximum, after which they tend to decrease (190, 210). The solid 
curves in the figure are the results of smoothing. The dashed lines present the calculated 
cross sections of transfer reaction products (normalized to the experimental points) as a 
function of projectile energy. The calculation of the yields of the primary fragments was 
carried out \JSing the microscopic transport model assuming a binary character of the 
reaction [15]. The isotopic distributions of the final (experimentally observed) nuclei were 
calculated within the framework of the statistical theory of decay of excited primary frag­
ments [19) . 

The comparison of the experimental data and the calculations shows (see Fig.9a) that 
the contribution from deep inelastic transfer reactions to the cross section of producing both 
neutron-rich and neutron-deficient isotopes is dominant at low energies, while at inter­
mediate energies the main contribution comes from fragmentation reactions. Nevertheless, 
as one can see from the figure, at intermediate energies the contribution of multinucleon 
transfer reactions is still noticeable. 

On the basis of the experimental data shown in Fig.9, the yields of different oxygen 
isotopes as a function of projectile energy were calculated, assuming total absorption in the 
target of the beam having an initial energy E

0
, using the relation: 

Eo 

f cr(E)Nbeam ( dE J-l -1 
N(E0) = M dX dE [sec ], 

v target 

(5) 

c 

where V c is the Coulomb barrier, a(£) - the cross section in units of [cm2
], Nbeam- the 

intensity of the beam [pps], M - the mass of the target nucleus in [mg] and dE/ dX target 

corresponds to the stopping power of the projectiles in the target [MeV/(mg/cm2)]. The 
yields of oxygen isotopes, calculated using the expession (S), produced in S-induced reac­
tion on a gold target at a beam intensity of I eJ.lA are presented in Fig.IO as a function of 

the projectile energy. In the upper panel (a) one can see the yields of 150, 190, and 210 

produced by a 32S beam, while in the lower panel (b), the yields of the isotope 21 0 

produced using beams of 32
S, 

34
S, and 36S. From Fig.! Oa it follows that an increase in the 

projectile energy leads to an abrupt rise in the yield of neutron-deficient nuclei (150), while 

the increase in the yield of neutron-rich nuclei (21 0) is negligible. In Fig. lOb, it can be' seen 

that at energies of up to 20 MeV/A the difference between the yields of 21 0 produced with 
different beams is small. At 75 MeV/A this difference increases and amounts to an order of 

magnitude for the 32S and 36S beams. 



Tarasov O.B. et al. Production of Nuclei 59 

100 

10-1 

10-2 

b -6.- 32S(Au,21Q) 

100 -e- ""S(Au,21Q) 

() :MS(Ta,2~Q) 

.Q 10-1 

E 

10-2 

100 

10·1 

10·2 -6.- J2S(Au,19Ne) 

-e- 32S(C,19Ne) 

101 
Energy, AMeV 

102 

Fig.9. Total production cross sections for different isotopes as a function of energy. Cross sections for 

producing of: (a) oxygen isotopes in the irradiation of a gold target by the 32S beam; (b) 21 0 on a gold 
target by projectiles of different neutron excess, including an experimental point at 75 MeV/A for the 
36S-beam; (c) 19Ne on different targets by the 32S-beam. The cross sections for 32

•
34S (75 MeV/A)­

fragmentation were calculated using a modification of the empirical parameterization [14] and are deno­
ted by arrows. The solid curves in the figure are the results of smoothing. The dashed lines present the 

calculated cross sections of transfer reaction products (normalized to 190) as a function of the projectile 
energy 
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Fig. 10. Yields of oxygen isotopes in S-induced reactions on a gold target at a beam current of I eJ.lA vs 

projectile energy. (a) Yields of 150, 190, and 21 0 in the case of a 32s beam. (b) Yields of 21 0 in the 

case of 32S, 34S, and 36S beams. Calculations are performed assuming full absorption of the beam in the 
target 
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Taking into account that the intensity of the 32S (20 MeV/A) beam in FLNR exceeds 

by an order of magnitude the intensity of the 36s (75 MeV I A) beam at GANIL, one can 
expect comparative yields of neutron-rich isotopes within several mass units from the stabi­
lity line for beams stopped in the target. However, for producing extremely neutron-rich 

nuclei with 12 ~ Z ~ 15 the use of a 36s beam is preferable (Fig.6d). 

In addition, at it was mentioned earlier, the isotope production cross sections at ener­
gies E < 20 MeV/A depend on the energy of the reaction (Q ) and are highest for the 

gg 

smallest absolute values of Q (Fig.7). The latter depend on the target-projectile combi­
gg 

nation and for the case presented in Fig.1 0 e2s + Au) Q i. not the optimal one 
gg 

(Q <-50 MeV) for deep inelastic reactions. The target can be chosen so as to have gg 

Qgg equal to about- 30 MeV (e.g . Nb) and thenthe expected isotope yields may increase 

several times . 

4 . Conclusions 

On the basis of the obtained data the following conclusions can be drawn : 

• For the energy range 7 + 10 MeV/A a quite abrupt decrease in cross section is 

observed for the light target when the number of transferred protons is increased. At 
high energies this difference decreases and at intermediate energies it is negligible. 

• As far as the dependence of the isotope yields on the target is concerned, there is 
evidence that at small projectile energies in the case of the heavy target with a large 
ratio N / Z = 1.49, on the average a shift of the centers of gravity of the differential­
cross-section distributions occurs in the direction of the neutron-rich region, and 
vice versa for the light target (N /Z = 1). At intermediate energies this peculiarity of 
the isotope yields practically vanishes . 

• At small incident energies oscillations are observed in the centers-of-gravity distri­
butions. These oscillations are smoothed with increasing the energy. 

• At high energies the isotopic content of the projectile plays a dominant role for the 
production of nuclei close to the projectile (Z ~ 12), while at energies 

E < 20 MeV/A the production cross sections for the 32S and 34S beams are compa­
rable. A difference in cross sections is observed only in- the region of nuclei heavier 
than the projectile, where pick-up reactions prevail. 

• The isotope production cross sections are seen to rise for energies up to about 
15 + 20 MeV/A, after which they either flatten or pass through a maximum and drop 
for energy regions where fragmentation is expected to prevail. 

It is worthwhile noting that for the further investigation of the reaction mechanism it is 
very important to obtain new information on the yields of reaction products and their 

angular distributions using 32S and 34S beams in the energy range 30 + 75 MeV/A and a 
36s beam at 10 +50 MeV/A. 



.....-

62 Tarasov 0.8. et al. Production of Nuclei 

Acknowledgemen ts 

The authors would like to express their gratitude to A.V.Belozerov for the help in 
carrying out the experiments, and to A.V.Antonenko and T.N.Shneidman for fruitful discus­
sions. 

The present work was carried out with the support of the Russian Foundation for 
Fundamental Research (RFFI) under grant No.96-02-17381 a and of the Bulgarian Foun­
dation for Scientific Research under grant No.F503. 

References 

I. Artukh A.G. et al. - Nucl. Phys., 1971, v.A176, p.284 . 
2. Volkov V.V. - Phys. Reports, 1978, v.44, p.93 and references therein; Volkov V.V.­

Treatise-on Heavy-Ion Science, v.8, p.101 (ed. D.Allan Bromley, Plenum Press, 1989) 
and references therein. 

3. Norenberg W.- Phys. Lett., 1974, v.B52, p.289. 
4. Symons T.J.M. et al. - Phys. Rev. Lett., 1979, v.42, p.40; 

Westfall .G.D. et al. - Phys. Rev. Lett., 1979, v.43, p.1595. 
5. Guillemaud-Mueller D. et al. - Z. Physik, 1989, v.A332, p.189. 
6. Borre) V. et al.- Z. Physik, 1986, v.A324, p.205. 
7. Pougheon F. et al. - Z. Physik, 1987, v.A327, p.17. 
8. Lewitowicz M. et al. - Phys. Letters, 1994, v.B322, p.20. 
9. Penionzhkevich Yu.E. - Phys. Part. Nucl., 1994, v.25, p.394. 

10. Maidikov V.Z. et al.- Pribori i Tech. Expt, 1979, v.4, p.68. 
II. Belozyorov A.V. et al. - JINR Preprint, P15-89-255, Dubna, 1989. 
12. Tarasov O.B. et al. - JINR Rapid Communications, 1996, No.5[79]-96, p.59. 
13. Anne R. et al.- NIM, 1987, v.A257, p.215 . 
14. Stimmerer K. et al. - Phys. Rev., 1990, v.C42, p.2546. 
15. Adamian G.G. et al. - Phys. Part. Nucl., 1994, v.25, p.583. 
16. Schmidt R., Toneev V., Woloshin G.- Nucl. Phys., 1978, v.A311, p.247. 
17. Schmidt R., Toneev V. - Yad. Fizika, 1979, v.30, p.112. 
18. Borre) V. et al.- Z Physik, 1983, v.A314, p.191. 
19. Barashenkov V.S., Toneev V.D. - High Energy Interaction of Particles and Nuclei 

with Atomic Nuclei, Moscow, 1972 (in Russian) . 

Received on Marth 3, 1997. 



KpamKue coo6£1leHUJI OHJ/11 N!!2[82]-97 J/NR Rapid Communications No.2[82]-97 

YAK 621 .039.573 

RARE-EARTH ELEMENTS IN SOIL AND PINE NEEDLE 
FROM NORTHERN TERRESTRIAL ECOSYSTEM 

V.F.Peresedov, S.F.Gundorina, T.M.Ostrovnaya 

The experimental data on heavy metal and rare-earth element conce tration in the environ­
mental objects (pine needle and soil) caused by the enterprise for the production of mineral 
phosphoric fertilisers in Apatity (the industrial region in the Murmansk region, Kola Peninsula) 
have been obtained. The investigation was performed by the neutron activation analysis at the 
IBR-2 research reactor in the Joint Institute for Nuclear R,esearch. The an(llysis of nearly 40 
element distributions in pine needle and soil from different geographical sites testifies about 
their contamination by a spectrum of elements, including REEs. Their contamination levels. in 
the soil in the vicinity of the enterprise are significantly high. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 

Pe.aKo3eMeJILHLie 3JieMeHTLI s no'lsax 

H XBOC 3CMHLIX CCBCpHLIX 3KOCHCTCM 

B. liJ.ll epeceiJoB, C. liJ.FyHiJopuHa, T.M. OcmpoBHa.Jl. 

nonyqeHhl 3KCnepHMeHTaJJbHbie AaHHbie no KOHL{eHTPaUHJIM TlllKeJJbiX MeTaJJJJOB H peAKO­
JeMeJJbHbiX 3JieMeHTOB (P33) B ofueKTax OKpyJKaiOWeii cpeAbl (nO'IBax H XBOe) B OKpCCTHO­
CTliX KOM6HHaTa AJJll npOH3BOACTBa MHHepaJJbHbiX !j>octf>opHbiX YA06pe Hii (r.AnaTHTbl Myp­
MaHCKOii OOJJaCTH). Pa60Ta BbinOJJHeHa C HCOOJJb30BaHHeM HeHTPOHHOfO aKTHBal.{HOHHOro aHa­
JJH3a Ha peaKTope HEP-2. AHanHJ noBeAeHHJI KOHUeHTpauHii - 40 sJJeMeHTOB B xsoe H no'!Bax 
CBHAeTeJJbCTByeT 00 HX 3arpli3HeHHH pl!AOM 3JJeMeHTOB H OCOOeHHO P33 . 

Pa6oTa BbinOJJHeHa B na6opaTOpHH HeiiTpOHHOii tf>H3HKH HM.H.M.<l>paHKa OJ.UIH. 

Introduction 

Monitoring of the environment is actual in connection with significantly increasing 
technogenic load in many regions of the globe during the past decades. The important 
objectives of the monitoring are the control and prognosis of the environment state. This 
requires investigation of interactions between different surro ndings as well as the 
migration processes of contaminating substances. To reliably estimate the quality of the 
environment systematic studies of different parameters of the environment, including at­
mospheric air, soil, vegetation, water, etc., need to be ca ied out. Obtaining of 
experimental data is an important stage of environmental monitoring. 

At present, analysis of the content of different elements and thier combinations is being 
conducted by different methods. Most suitable are the methods that allow the largest num­
ber of elements in biomonitors to be determined reliably . The neu tron activation analysis is 
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an effective method and has been used for monitoring different ecosystems of Russia in the 
NAA department of FLNP, JINR during the recent years . 

As is well known, northern ecosystems are especially sensitive to technogenic load and 
their recovery is a slow process that takes decades. Therefore, timely monitoring is most 
important. The objective of the performed investigation was to obtain by NAA the new 
experimental data on the concentrations of different elements, including REEs in soils and 
pine needle in the industrial region of the Kola Peninsula (in the vicinity of the plant 
producing mineral phosphoric fertilisers in the town of Apatity). Till recently, the attention 
paid to studies of the REEs content in ecosystems, as well as to the REEs accumulation 
processes by vegetation and to their influence on the vegetable and animal world, was not 
adequate. This is mainly connected with a low content of REEs in vegetation. Their usual 
concentrations in clean vegetation are on the low level of = ng I g and the ratio of the REE 

content in phmts to that in soils is in the range of n*(lo-5-10-4). . 

Experimental 

This is a continuation of our collaboration with Kola Science Centre of the Institute of 
North Industrial Problems (Apatity, Murmansk region, Russia). In 1995, pine-needle of 1-3 
year-age and soil from d ifferent genetic horizons were collected in the vicinity of a plant 
for production of mineral phosphoric fertilisers in Apatity (at 0.5 and 2 km) and in the 
nearby regions at the distances of 30 and 100 km from the enterprise. The nearby (back­
ground) sites were studied for comparison with the data for Apatity . Nearly 40 elements 
were identified in the samples of soil and pine-needle by the NAA at the IBR-2 high flux 
research reactor. The procedures of irradiation and elemental analysis by the gamma­
spectrometry of short-, middle-, and long-life nuclides were applied. The neutron energy 
spectra in the irradiation channels of·the IBR-2 reactor are characterised by the presence of 
thermal, epithermal, and fast neutrons with high flux densities [I] and allow one to realize 
two regimes of sample irradiation, including by thermal, epithermal, fast neutrons and 
epithermal and fast neutrons. In the first regime, the analysis sensitivity may be higher for 
Na, AI, Si, S, Cl, K, Sc, Ca, Cr, Ti, V, Mn, Co, Fe, Cu, Zn, La, Ce, Pr, Nd, Eu, Gd, Dy, 
Lu, Os, Pt; in the second regime - for F, Mg, Ga, Ge, Se, As, Br, Sr, Rb, Y, Zr, Nb, Ru, 
Mo, Tc, Ph, Cd, Pd, Ag, In, Sn, Te, Sb, I, Ba, Cs, Pr, Sm, Tb, Ho, Tm, Er, Hf, Yb, W, Ta, 
Re, Ir, Hg, Au, Th, U. This is connected with the difference in the cross-section values for 
different nuclides in ·thermal and epithermal neutron energy regions . Thus, the specific 
character of the neutron energy spectrum and the possibility of sample irradiation in two 
different regimes (with and without Cadmium) allow us to provide selectivity of the ana­
lysis for interesting trace-elements. 

Processing of the NAA data was performed by the computer programs and a well-tested 
bank of nuclear data. Most nuclides were identified by several gamma-lines. The elemental 
concentrations were calculated by absolute and reference methods (with Standard Reference 
Materials from MAGA TE and the National Institute of Standards (US)) . In the gamma­
spectrometry, interference during processing was partially avoided by the choice of inter­
ference -free photo-peaks. When necessary, contributions from the interfering reactions and 
the reactions caused by the fast neutrons were accounted for. 
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R~sults and Discussion 

On the basis of the obtained elemental concentrations in the amples of soil and pine 
needle (36 and 32, respectively) average concentrations of elements and their confidence 
intervals were calculated for each geographical point (0.5, 2, 30, and 100 km). The dis­
tributions of all determined elements were analysed versus the distance from the enterprise 
and, for some of them, are presented in Figs.l-3 . These distributions testify the conta-

Na, K, Rb, Ag, Cs, Au (ppm) Na, K, Cu,Rb, Ag, Cs, Au,(ppm) 

1rT 
104 

K -------/0--c-o K --a 
1o' 

- ~- 1ol 

~ 1ol ;u;---- =! 1o2 

1cf ,--Gu --- -f: .-:-------- 101 ~~Q=~· ··· ·~ . - ---- -
·n . . 

101 ~ - ....:... . ~· -. -:-n-:- ·-f 
10° - flb_ - - - - - - -

1d' ~ 10'1 ;:-=-i~~ - - ¥- j 
10'1 ~-------

ftlJ 10-2 
___ ,A _ ____ t-- 9 Au 10-2 -(---~-=- 10.,] --t=-~~-~~ - - -. 

10.,] 
10 100 10 100 

MJ, Zn, Sr, Ba (ppm) MJ,Ga,Zn,Sr,Cd,Ba (ppm) 

2-------1o' ~----· --- ~- - --~- -

/&~ . 

1ol ,_, ·-· 
1o2 ~~--m 

~----FI ~ .·; 1ci' -- -~ ·~-f---101 

..... .. ·y 1d' ---- - -----
Zn~ 

1rf ~:---- _:_¥ /Cd 
1()"1 ~-- - ---- -., __ --

j_ ~' -- -! ---,-- 10-2 
10 100 10 100 

Fig.! . Distributions of elemental concentration for Kola soil and pine needle (left 
and right, respectively) versus the distance from the enterprise 
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Fig.2. Distributions o f elemental concentration for Kola soil and pine needle (left and 
right . respectively) versus the distance from the enterprise 

mination of the biomonitors by the row of elements released in atmosphere by the enter­

prise in Apatity. Particularly, the increa-;ed concentration of Na, K, Rb, Cs, Mg, Sr, Zn, Ba, 

AI, Zr, Sc, La, Hf, Ta, Fe, Cl, Mn, Cr, Mo, W , Ce, Nd, Sm, Eu, Tb, Yb, Th, and U were 

observed in superficial so il at distances of 0.5 and 2 km compared to the nearby regions 
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Fig.3. Distributions of elemental concentration for Kola soil and pine needle (left and 
right, respectively) versus the distance from the enterprise 
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(30 and 100 km). The concentration of the elements in soil and pine needle with their 
confidence intervals (in per cent) for Apatity and nearby regions are presented in columns 
2-3 of Tables 1-2. The ratios of the maximal REEs concentration in soil (point 0.5 km) to 
the minimal one (30, 100 km) are high and lay in the range of values from 27 up to 85 
(Tab.1, col.4 ). So, for this specific source of atmospheric pollutions an increased emission 
of REE is characteristic, what is understandable because the apatit concentrate used as a raw 
material for the production of mineral phosphoric fertilisers is an intense source of REEs. 

In the pine-needle, the increased content of a smaller number of elements, namely -
AI, Cd, La, Sc, Ta, Ce, Sm, Eu, Th, and U, is observed. For the content of K, Na, Cu, Rb, 
Cs, Ag, Ca, Mg, Sr, .Zn, Ba, Ga, Hf, Mn, Cl, Cr, Ni, Co, Mo, and W no significant 
distance-dependence is measured. The concentration of these elements in pine-needle at 
points 0.5 and 2 km are close to nearby one at points 30 and 100 km. The observed 
difference in the distributions of concentration of the same elements in soil and pine needle 
versus the distance from Apatity is, apparently, connected with that in soil, we deal with 
long-time accumulated amounts of contaminating elements. In pine needle, the contami­
nating elements were accumulated during a relatively short time nd therefore, not exceed 
significantly their natural concentrations. 

Content of REEs in pine-needle in Apatity is higher (1.5-1 0 times) than in Monche­
gorsk [7] and significantly higher ( 10-500 times) than their concentration or upper detec­
tion limit in the Tver region (near Moscow) . In accordance with Fig.3 we cannot clarify the 
background content for all REEs in pine-needle. For soil samples we see the complete 
distance dependence including the suburban points for Sc, La, Ce, Nd, Sm, Eu, Tb, and Yb. 
As is mentioned above, the natural abundance of REEs in clean vegetation is close to values 
of the order of ng / g [8]. Therefore, the problem of determination of their suburban content 
in vegetation is not a very simple one. At the same time, this problem is copmlicated by 
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Table 1. Concentrations of elements (ppm) in soils of the Kola Peninsula (Apatity) 

Literary data Apatity Maximal Apatity Minimal Ratio 213 Toxic in Plants 

Na 17700 [6] 55000 (50) 1200 (58) 46.0 

Mg 17200 [4] 11000 (45) 1200 (57) 9.2 

AI 71100 [2] 23000 (58) 2900 (40) 7.9 

Cl I 000 [ 4] 1800 (43) 290 (20) 6.2 

K 10500 [4] 20000 (56) 3200 (53) 6.2 

Sc 2.5 [4] II (40) 0.86 (40) 12.8 

v 90 [2] 120 (55) 14 (35) 8.6 50-100 

Cr 70 [2] !50 (58) II (27) 13.6 60-600 

Mn -300 [4] 1200 (36) 180 (20) ' 6,7 > 2200 

Fe 13100 (4] 57000 (35) 2900 (36) 19.7 

Co 8 [2] 23 (25) 4.3 (15) 5.3 

Ni 50 [2] 160 (25) 58 (25) 2.8 

Zn 50 [4] 94 (32) 25 (15) 3.8 

Se 0.37 [3] 1.7 (25) 1.4 (25) 1.2 

As I [4] 18 (30) 6.1 (24) 3.0 15-103 

Rb 20 [4] 91 (60) 6.3 (25) 14.4 

Sr 70 [4] 960 (55) I 10 (25) 8.7 

Zr 50 [4] 390 (40) 35 (40) 11.1 

Mo 1.0 [2] 25 (40) 0.6 (21) 41.7 

Ag 0.015 [4] 1.0 (39) 0.3 (33) 3.3 

Cd 0.8 [4] 0.67 (20) 

Sb 0.07 {4] 1:0 (30) 0.5 (20) 2.0 

Ba 60 [4] 580 (II) 95 (16) 6.1 

Cs 1.5 [4] 2.3 (18) 0.22 (25) 10.5 

La 0.8 [4] 160 (25) 2.5 (32) 64.0 

Ce 5.5 [5] 300 (30) 5.7 (20) 52.0 

Nd 2.4 [5] I 10 (25) 3.1 (27) 35.5 

Sm 0.43 [5] 13.0 (26) 0.33 (23) 39.0 

Eu 0.083 [5] 6.4 (40) O.D75 (18) 85 .3 

Tb 0.08 [5] 2.5 (25) 0.05 (36) 50.0 

Yb 0.8 [4] 2.0 (50) 0.075 (52) 26.7 

Hf 0.4 [4] 10 (30) 0.93 (67) 10.8 

Ta 0.023 [4] 13 (46) 0.08 (25) 162.0 

w 0.7-3 [3] 4.7 (21) 1.0 (25) 4.7 

Au 0.007 [4] 0.0095 ( 18) 0.005 (16) 1.8 . 
Th I (4] 13 (26) 0.33 (37) 39.4 

u 0.4 f4l 6.4 (40) 0.075 (19) 85.3 
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Table 2. Concentration of elements in pine-needle (ppm) of the Kola Peninsula (Apatity) 

Tver Apatity Apatity Ratio 2/3 Toxic Cereal 
Average Maximal Minimal in Plants Grains 

Na 14 (64) 300 (35) 74 (71) 4.1 

Mg 785 (19) 430 (38) 360 (22) 1.2 

AI 148 (46) 300 (45) 33 (15) 9.1 

Cl 177 (28) 580 (48) 340 (53) 1.7 

K 2830 (33) 7400 (30) 3300 (30) 2.2 

Sc 0.013 (30) 0.04 (36) 0.012 (30) 3.3 

Cr < 0.1 1.7 (41) 1.0 (50) 1.7 4-30 

v < 1 2.0 (25) 0.3 (58) 6.7 

Mn 234(51) 670 (20) 260 (40) 2.5 

Fe 55 (43) 412 (29) 67 (44) . 6.2 25-80 

Co 0.039 (89) 0.75 (26) 0.25 (21) 3.0 20-50 4-20 

Cu 25 (80) 16 (36) 1.6 

Ni 2.4 (70) 2.6 (25) 0.7 (20) 3.7 10-100 0.2-0.6 

Zn 33 (36) 52 (21) 26 (33) 2.0 70-400 22-33 

Se < 0.02 0.24 (20) 0.067 (22) 3.6 0.8-22 0.02-0.5 

As < 0.01 0.57 (32) 0.063 (31) 9.1 2-20 0.05 

Rb 21 (76) 17 (44) 7.5 (30) 2.3 4 

Sr 3.4 (12) 73 (27) 20 (28) 3.6 > 600 0.5-2 

Mo < 0.4 0.21 (66) 0.033 (25) 6.4 2-10 0.2-0.6 

Ag 0.031 (23) 0.05 (30) 0.026 (40) 1.8 5-10 

Cd < 0.03 0.10 (55) 0.019 (26) 5.3 5-30 0.01-0.2 

Sb 0.033 (42) 0.028 (45) 0.009 (25) 3.1 > 0.15 0.002 

Ba 1.2 (58) 39 (40) 12 (50) 3.3 > 500 4-6 

Cs 0.081 (91) 0.056 (42) 0.033 (40) 1.7 

La < 0.01 1.2 (20) 0.08 (35) 15.0 

Ce < 0.09 2.1 (28) < 0.5 >40 

Nd < 0.2 5.0 (60) < 0.84 >6 

Sm < 0.001 0.47 (26) 0.011 (30) 42.7 

Eu 0.024 (66) 0.019 (48) < 0.0028 > 6.8 

Tb < 0.003 0.011 (24) < 0.00034 > 32 

Yb 0.03 (60) 0.04 (50) < 0.0022 > 18 

Hf 0.34 (67) 0.036 (25) 0.022 (43) 1.6 

Ta 0.0015 (40) 0.018 (82) 0.0016 (25) 11.3 

w < 0.02 0.18 (42) 0.10 (57) 1.8 >3 

Au 0.0034 (90) 0.0006 (30) 5.7 

Th 0.07 (12) 0.069 (23) 0.026 (27) 2.7 

u < 0.004 0.022 (30) 0.0073 (25) 3.0 
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the presence of other contaminating and interfering elements in pine-needle besides REEs . 
This leads to a decrease in the sensitivity of REEs determination. It can be also noted that 
in fact, we do not know a priory to what extent the background (suburban) regions are 
clean . Elucidation of this circumstance was also one of the objectives of this investigation. 
But we see that pine-needle from the suburban sites is characterised by a sufficiently high 
content of some other elements, such as Na, Cr, Co, As, Sr, Ba, and W, whose con­
centration is 5-10 times higher than, for example, in the pine needle from Tver region 
(Table 2, cols.3, I, respectively). The obtained concentrations and upper detection limits for 
REEs in the pine needle and soils from suburban sites are in reasonable agreement with 
analogous ones in [5,8] . Thus we can conclude that for the reliable determination of the 
majority of REEs in the pine-needle from suburban regions, the maximum sensitivity of 
analysis must be achieved, possibly, by individual and more suitable regimes of irradiation 
for some REEs. 

Conclusions 

As a result, of this work the new experimental data on the concentration of nearly 40 
elements in environmental biomonitors, such as soil and pine needle, were obtained. It was 
elucidated that the investigated enterprise for production of mineral phosphoric fertilisers is 
a specific source of atmospheric pollution and releases into the environment a wide spect­
rum of different elements, including REEs. On the basis of the obtained data the emission 
power of this industrial source of atmospheric pollution can be estimated and used for 
prognosis of the future state of the environment in this region. 

The authors are grateful to their collaborators from the Kola Science Centre of the 
Institute of North Ecology Problems, to Prof. V.V.Nikonov for providing the samples, the 
collaborators from FLNP, V.P.Chinaeva, S.S.Pavlov, and V.N.Klochkov, for their assis­
tance in carrying out the project and T.F.Drozdova for the assistance in preparation of this 
manuscript. 
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«THERMAL» MULTIFRAGMENTATION 
IN p + Au COLLISIONS AT RELATIVISTIC ENERGIES 

S.P.Avdeyev, V.A.Karnaukhov, W.D.Kuznetsov, L.A.Petrov, V.K.Rodionov, 
A.S.Zubkevich, H.Oeschler1

, 0. V.Bochkarev2
, L. V.Chulkov2, E.A.Kuzmin2, 

A.Budzanovski3, W.Karcz3, M.]anicki3, E.Norbeck4, A.S.Botvina5 

Multiple emission of intermediate-mass fragments has been studied for the collisions 
p +Au at 2.16, 3.6, and 8.1 GeV with the FASA set-up. The mean IMF multiplicities are equal 
to 1.7, 1.9, and 2.1 (± 0.2) respectively. The multiplicity, charge distributions and kinetic 
energy spectra of IMF are described in the framework of ihe empirically modified intranuclear 
cascade model followed by the statistical multifragmentation model. The results supp~rt a 
scenario of true thermal multifragmentation of a hot and expanded target spectator. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

«Terumsax» Mym.TuciJparMeHTaQHJI B coyAapeHHJIX p + Au 
npu peJI.HTHBHCTCKHX 3HeprH.IIx 

C.ll.ABoeeB u op. 

MHOJKeCTBeHHllll 3MHCCIUI <f>parMeHTOB npoMeJKYTO'lHOH MaCChi 6buta HCCJieJtOBaHa C 
noMOWbJO ycTaHOBKH ll>A3A D.1UI coy.napeHHH p +Au npH 2,16; 3,6 H 8,1 f3B . HaH.neHo, 'ITO 
cpeJtHHe MHOJKeCTBeHHOCTH !l>nM COOTBeTCTBeHHO paBHbl 1,7; 1,9 H 2,1 (± 0.2). Pacnpe.ne­
JJeHIUI llO MHOJKeCTBeHHOCTH H 3apliJIY, a TaKJKe CneKrpbl KHHeTH'leCKHX 3HeprnH !l>nM OllHCbi­
BaJOTCJJ B paMKax 3MllHpH'lecKH MOAH$Hl.IHpOBaHHOH MOJteJJH BHyrpHll.ltepHOJ"O KaCKa.~ta, COnpo­
BOJKJtaeMOH CTaTHCTH'lecKoii MOJteJJbJO MYJJbTH<f>parMeHTal.IHH. PeJyJJbTaTbl comacyJOTCJJ co cue­
HapHeM rennosoii MYJJbTH<f>parMeHTal.IHH ropJJ'lero cneKTaTopa M rneHH c nOHHJKeHHOH 
nJJOTHOCTbiO. 

Pa6oTa BbmonHeHa B Jla6opaTopHH AAepHbJX npo6neM 01-UIH. 

Introduction 

The investigation of the decay of very hot nuclei has become a topic of great interest. 
It is largely concentrated on the process of multiple emission of intermediate mass frag­
ments (IMF, 3 ~ Z ~ 20) [1-3] . Now it is established as the main decay mode Qf highly 

1Institut fiir Kemphysik, TH Darmstadt, 64289, Germany . 
2Kurchatov Institute, 123182 Moscow, Russia. 
3H.Neiwodniczanski Inst. of Nuclear Physics, 31 -342, Cracow, Poland. 
4University of Iowa, Iowa City, lA 52242, USA. 
5Institute for Nuclear Research, 117312, Moscow, Russia. 
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excited nuclei, and this process is likely to occur when a nucleus has expanded and lower 
density is reached. It is under debate whether this process is related to a liquid-gas phase 
transition in nuclear matter. The common way to produce very hot nuclei is to use reactions 
induced by heavy ions at energies 30-100 MeV/nucleon. But in this case heating is accom­
panied by compression, strong rotation and shape distortion, which cause the so-called 
dynamic effects in the nuclear decay. It seems difficult to disentangle all these effects to get 
information on the thermodynamic properties of a hot nuclear system. The picture becomes 
clearer when light relativistic projectiles are used [4-10]. One should expect that dynamic 
effects are negligible in that case. A further advantage is that all the IMF's are emitted by 
the only source - the target spectator, and decay of this hot nucleus proceeds in an 
apparently statistical manner («thermal multifragmentation»). 

The time scale of the IMF emission is a key characteristic for understanding the multi­
fragmentation· phenomenon: is it a «slow» sequential process of independent emission of 
IMF's or is it a new decay mode with «simultaneous» ejection of the fragments governed 
by the totat. accessible phase-space? «Simultaneous» means that all fragments are liberated 
at freeze-out during a time, which is smaller than a characteristic Coulomb time 't . For that . c 

case emission of IMF's is not independent, they interact via long-range Coulomb forces 

during acceleration in the electrical field after freeze-out. According to [11], 't "'10-21 s. c 

Measurement of the emission time for IMF's ('t is a mean time delay between two con-em 

secutive fragment emissions) is a direct way to answer the question as to the nature of the 
multifragmentation phenomenon. In our papers [ 12, 13] it was found by measuring the 

relative angle IMF-IMF correlations that for 4He +Au collisions at 14.6 GeV the emission 

time is less than 3·1 o-22 s. The trivial mechanism of multiple IMF emission (sequential and 
independent evaporation) should be definitely excluded. So, the thermal multifragmentation 
is a new (multibody) decay mode of excited nuclei. 

In this paper we present the experimental study of the multifragment emission induced 
by relativistic protons (up to 8.1 GeV) in gold. The preliminary data were presented in [14] . 

Experimental Set -Up 

The experiments were performed with a proton beam of the JINR synchrophasotron in 
Dubna at energies of 2.1 6, 3.6, and 8.1 GeV using the modified 47t-set-up FASA [15]. The 
main parts of the device are: (i) five llE (ion.ch.)x E(Si)-telescopes, which serve as a trigger 
for the readout of the system allowing measurement of the charge and energy distributions 
of IMF's at different angles. They are located at 9 = 24°, 68°, 87°, 112°, and 156° to the 
beam direction and together cover the solid angle 0.03 sr; (ii) a fragment multiplicity 
detector (FMD) consisting of 64 Csl (TI) counters (with thickness ranging from 20 to 

27 mg·cm-2
), which cover 89% of 47t. The FMD gives the number of IMF's in the ' event 

and their space distribution. The plexiglass light guides [16] were replaced by hollow metal 
tubes with a diffuse reflector. This results in reducing the background in FMD (down to 
less than 2%) caused by the beam halo. It was continuously controlled by means of a 
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double-gate mode in PM-pulses processing [16]. The scintillator faces were covered by 

alumi~ized mylar (0.2 mg·cm - 2) to exclude completely the light cross-talk. 

A self-supporting Au target 1.5 mg/cm2 thick was located in the centre of the FASA 

vacuum chamber. The average beam intensity was 7·108 p/spill (spill length 300 ms, spill 
period 10 s). The blank-target background for telescopes in the angular range 65°-115° is 
around 5% for zf = 2 decreasing with zf to s; 1% for zf ~ 6. 

In this work we revised the calculations of the efficiency of IMF registration by the 
scintillator counters. The modern data on the response function of Csi(TI) to heavy ions 
[ 17] were used and self-absorption of light in polycrystalline Csl (TI) [ 16] was taken into 
account. The pulse-height thresholds were set (actually off-line) in each counter indivi­
dually depending on the scintillator thickness to get good separation of IMF from lighter 
fragments (Z = 1,2). The calculated efficiency of FMD for IMF detection is £ = 59% 
(instead of 46% used before), while the admixture of lighter particles to the counting rate 
is less than 5% with respect ot IMF's. 

Fragment Multiplicity 

The measured IMF-multiplicity distributions associated wit a trigger fragment of 
charge 6 s; Z s; 20 are shown in Fig.1 a. The data were corrected for the admixture of lighter 
fragments and background in FMD. It was done using the random generator procedure. The 
mean associated multiplicities (M A) for the beam energies 2.16, 3 .6, and 8.1 Ge V are equal 

to 0. 73, 0.96, and 1.11 respectively. Note that the number of IMF detected is 1 + M A 

(triggering fragment is added). 
The measured distribution for the associated multiplicity W(MA) differs from the true 

(or primary) multiplicity distribution W(M) because of distortion by triggering and because 
the FMD efficiency is less than 100%. These distributions are related via the response 
matrix of the FASA set-up Q(MA' M): 

(1) 

M=MA+ I 

The response matrix includes the triggering probability, which is proportional toM, and the 
probability of detecting (in FMD) MA fragments from remaining M- 1. The latter pro-

bability is described by the binomial distribution. So, we have: 

- M! MA M- -MA 
Q(MA, M)- MA!(M- 1 - MA)! £ ( 1 - £) (2) 

Using (1) and (2) one can find the following relation between (MA) and the moments of the 

primary multiplicity distribution: 

(MA)- (M2) 
£ - (M) - 1. (3) 
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Fig. I. Left: measured IMF-multiplicity distributions associated with a trigger fragment of charge 
6 ~ Z ~ 20 for p + Au collisions at 8.1 GeV (circles, solid line), 3.6 GeV (squares, dashed line), 
2.16 GeV (triangles, dotted line). They are fitted with Fermi-like primary distributions (right 
picture), folded with the experimental filter 

The right side of this equation can be also found from the coincidence rate n12 for IMF's 

in the triggering telescopes: 
n12 (M 2) 
-= -1 
nlp2 (M) . 

(4) 

Here n1 is counting rate in telescope 1, p2 is the detecting probability for the coincident 

fragment in telescope 2. Using eqs.(3) and (4) one can find the efficiency of the fragment 
multiplicity detector E. This is the way to control the calculation of E: 

nlp2 
E = (M A) - . (5) 

n12 

We used the coincidence data for the telescopes located at 9 equal to 68°, 87°, and 112°. 
For that geometry the probability p

2 
is largely determined by the solid angle of telescope 2. 

The correction for the IMF-IMF angular correlation is around 6%. The FMD efficiency 
found with (5) differs only by 7% from the calculated one, and that is within the counting 
rate statistics of coincidences. 

How to get the primary multiplicity distribution W(M) from the measured one W(MA)? 

The first way is fitting the parametrized W(M), folded by the experimental filter according 
to (l ), to the experimental distribution. It was done assuming W(M) to be shaped 1ike a 
Fermi function . This choice was motivated by calculations using the statistical model of 
multifragmentation (see below). The results are presented in Fig.l b. The mean values of the 
primary IMF multiplicities (for the events with at least one IMF) are equal to 1.7 ± 0.2, 
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1.9 ± Q.2, and 2.I ± 0.2 for the beam energies 2.I6, 3.6, and 8. I r spectively. These values 
are slightly lower than obtained in paper [I4] because a higher FMD efficiency was used*. 

Another way (a bit more complicated) is direct reconstruction of W(M) using the 

reverse matrix Q -l(M, MA): 

M-1 

W(M) = 2, Q -l(M, MA) W(MA) . (6) 

M =0 
A 

The matrix Q -I is obtained by solving the equation Q·Q -I = I. Directly reconstructed 
W(M) are close in shape to those shown in Fig. I b. They are presented in Fig.2 together with 
the ones calculated by the statistical multifragmentation model. 

Comparison with Model Calculations . 

The reaction mechanism for the relativistic projec~iles is divide~ into two steps. The 
first one consists of a fast energy deposition stage, during which very energetic light 
particles are emitted and the nuclear remnant (spectator) is excited. The second one is the 
decay of the target spectator. The fast stage is usually described by the intranuclear cascade 
model (INC). We use a version of the INC from Ref.I8 to get the distributions of the 
nuclear remnants in charge, mass and excitation energy. The second stage is described by 
the statistical multifragmentation model (SMM) [ I9] . The statistical behaviour of the target 
spectator is evident from the fact that the angular distributions of IMF's and their energy 
spectra at different angles are well described in the framework of the statistical decay of a 
thermalized moving source [20]. Within the SMM the probabilities of different decay chan­
nels are proportional to their statistical weights. The break-up volume determining Coulomb 
energy of the system is taken to be Vb = (I + k)A / p0, where A i the mass number of the 

decaying nucleus, p
0 

is the normal nuclear density, k is a model parameter. So, thermal 

expansion of the system before the break-up is assumed. The primary fragments are hot, 
and their deexcitation. is taken into account to get final IMF distributions. In further 
calculations we use k = 2 based on our analysis of the correlation data [ I2]. This value 
corresponds to the break-up density pb"" I /3p0. The upper dashed line in Fig.3 is obtained 

by means of this combined model. The calculated mean multiplicity for the highest energy 
is almost two times larger than the experimental one indicating a significant overestimation 
of the excitation energy of the residual nucleus. For the lowest beam energy the calculated 
mean multiplicity is still larger than the experimental one though not so much. 

The shortcoming of the INC algorithm is that the exciton approach doesn't provide a 
reliable calculation of excitation energy in case when many nucleons are involved in the 
cascade stage. The use of the preequilibrium exciton model (PE) [2I] together with the INC 
results in significant decreasing excitation energy of the target spectator and reducing mean 
IMF multiplicities (lower dotted line in Fig.3). The calculated alue of (M) at the beam 

*In the light of these results the IMF multiplicities in helium-induced reaction [5] were remeasured: 
(M) = 2.2 ± 0.2 for 14.6 GeV. 
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Fig.2. Primary IMF distributions. Symbols 
are for directly reconstructed distributions: 
circles, squares and triangles are for the 
beam energies 8.1, 3.6, 2.16 GeV respecti­
vely. Histograms are from Fig. lb, the 
smooth lines are calculated with the statis­
tical multifragmentation model (see the text) 
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Fig.3. Mean IMF multiplicities as a function 
of the beam energy. Open points are expe­
rimental data. Dashed and dotted lines are 
drawn through the values calculated with 
INC + SMM and with INC + PE + SMM at 
the beam energies used. The solid line is 
obtained with the use of modified INC* 
followed by SMM 

energy of 8.1 GeV coincides with the experimental one, but, as will be shown below, the 
model-predicted fragment kinetic energies are significantly lower than the measured ones. 
It means that the modol underestimates the Z value of the target residue, as the fragment 
kinetic energies are determined in the main by the Coulomb field of the source [12]. With 
decreasing beam energy, the calculated mean IMF multiplicities fall rather fast approaching 
I at E = 2.16 Ge V. The reason for that is the model underestimation of the spectator 

p 

excitation energy. So, the use of the INC or INC + PE does not solve the problem of 
describing the properties of a target spectator for a wide range of projectile energies, and 
one should look for an alternative approach. The authors of [22] came to a similar con­
clusion and used some phenomenological distributions of the mass numbers and the exci­
tation energies of a source to describe multifragmentation of spectators in relativistic heavy­
ion reactions. 

The solid line in Fig.3 was calculated using the empirical modified intranuclear cascade 
model (INC*) followed by SMM. In this modification the masses and charges of the resi­
dual are kept unchanged, as given by INC, but the excitation energies are a times reduced. 
The parameter a was taken to be equal to the ratio of the experimental mean IMF multi-
plicity to the calculated one in INC + SMM : ' 

(Mexp) 
a= ) . 

(MINC+ SMM 
(7) 
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Table. The calculated properties of the nuclear remnants in p + Au collisions 

EP, Ex per. Calculations 

GeV (MIMF) 
(MIMF) ZR AR ZMF AMF E* E;F' MeV 

Model 
R 

3.80 74 180 70 168 524 911 INC+ SMM 

8.1 2.1 ± 0.2 2.15 67 163 50 121 204 526 INC+ PE + SMM 

2.29 74 180 69 164 289 591 INC*+ SMM 

2.90 76 185 73 176 407 757 INC+ SMM 

3.6 1.9 ± 0.2 1.34 70 171 55 134 148 385 INC+ PE + SMM 

2.02 76 185 73 174 285 582 INC*+ SMM 

2.09 77 188 75 . 181 328 642 INC+ SMM 

2.16 1.7 ± 0.2 1.02 72 176 62 145 119 266 INC+ PE + SMM 

1.66 77 188 75 180 262 543 INC*+ SMM 

ZR, AR, E; are the charge, mass number and excitation energy averaged over all the target spectators. 

ZMF'AMF' E;F are the same, but averaged over the residues decaying with IMF emission. 

This is motivated by the model correlation between (M) and the spectator excitation 
energy. We are aware that such a modification must be accompanied by corresponding 
changing of parameters of the cascade outgoing particles. However in the present paper we 
are concentrated only on reproduction of multifragmentation phenomena. So, the solid 
curve in Fig.3 is obtained with the parameter ex equal to 0.8, 0.7, and 0.55 for the beam 
energies 2.16, 3.6, and 8.1 GeV respectively. It goes very close to the data. 

The table summarizes the results of the calculations. Note that according to the 

INC* + SMM model, . the mean excitation energy of the resid es E; is changed only 

slightly (from 285 to 289 MeV) when the beam energy varies from 3.6 to 8.1 GeV. This 

saturation effect was noted already in papers [7,8] for 3He interactiOns (up to 4.8 GeV) with 
silver. The IMF emission takes place on the tail of the excitation energy distribution, there­
fore the mean excitation of the fragmenting nuclei is approximately twice as large. 

The model-calculated IMF multiplicity distributions (for the case of INC* + SMM) are 
shown in Fig.2 together with the reconstructed experimental ones . 

Energy Spectra and Charge Distributions of IMF 

Figure 4 presents the comparison of the mean kinetic energies of fragments (measured 
at the beam energies of 2.16 and 8.1 GeV) with the calculated ones. The data are obtained 
with the telescope located at e = 87° and corrected for the detect ion threshold (E I A = 1.2 
MeV). The measured mean energies for the lower beam energy are slightly higher than 
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Fig.5. Fragment charge distributions measured at 
8 = 87° for the beam energies 8.1 GeV (top), 
3.6 GeV (middle) and 2.16 GeV (bottom). The 
lines are calculated by INC* + SMM (normalized 
at Z = 3). The insert gives the t-parameter dedu­
ced from the IMF-charge spectra for the beam 
energy 8.1 GeV 

those for EP = 8.1 GeV.. This is cau!ied, in the main, by the larger charge of the decaying 

nucleus for the lower beam energy. 

Let us first consider the region ZIMF::::;; 9. The calculations using the INC + PE + SMM 

model for E = 8.1 GeV give definitely lower mean energies than the experimental ones 
p 

indicating the model underestimation of the target spectator Z and A. The calculated mean 
energies are close to the data when modified INC* followed by SMM is used. For 
EP = 2.16 GeV, Fig.4 presents the results obtained with the modified intranuclear cascade 

model. The calculated values are slightly above the experimental ones. 

Let us consider the data for heavier fragments shown for E = 8.1 GeV. For Z > 9 
p 

IMP-energies practically do not change in contrast to the model prediction. It could be 
explained by dominating of channels with small number of IMF's. For these channels the 
break-up volume may not be constant and may increase with the IMF's size; it needs an 
additional analysis. Another possible explanation of this observation is the failure of the 
SMM assumption that the fragments have equal probabilities to be formed at any available 
place inside the break-up volume. In fact, the interior of the expanded nucleus is favoured 
over the diffuse edge for the appearance of larger IMF' s as the fragments are formed via 
the density fluctuations . This results in lower Coulomb energies for them with respect to 



Avdeyev S.P. eta/. «Thermal» Multifragmentation 79 

the model prediction. This observation presents additional evidence for the volume 
emission of the fragments. A similar conclusion was made in [23]. 

Figure 5 shows the charge distributions of IMF' s. The calculations in the INC* + SMM 

model resemble the general behaviour of the data. The empirical power law Y(Z) - Z - 't 

describes the data also well. In the insert of Fig.5 the dependence of the 't-parameter on the 
associated IMF-multiplicity MA is shown: with increasing multiplicity, the 't-parameter goes 

down and further goes up. In the earlier papers on the multifragmentation [23,24] the power 
law for the fragment charge yield was interpreted as an indication of the proximity to the 
ciritical point for the liquid-gas phase transition in nuclear matter. But in fact the 
fragmenting system is not so close to the critical point [25] and one should look for a less 
exotic explanation of the power law behaviour of Y(Z). Probably a convenient interpretation 
can be found in a more correct consideration of the secondary decay of excited fragments . 
As was already mentioned, the IMF multiplicity . is correlated wit the excitation energy of 
the system. For the low multiplicities the system is close to the evaporation regime. In this 
case increasing excitation energy results in enhancem6nt of the yield of heavier fragments 
('t falls down). As the excitation continues increasing, the secondary decay of the fragments 
becomes more significant, enhancing the yield of lighter fragments ('t goes up). · 

It was mentioned in the introduction that the IMF + IMF angular correlation gives 
important information on the emission time. In this work we obtained a correlation function 
R(9

12
) from the coincidences between the trigger telescopes and the PM's of the fragment 

multiplicity detector at the beam energy of 8.1 GeV. The correlation function shows a 
minimum at 9

12 
= 0 caused by the Coulomb repulsion between fragments. The magni-

tude of the small angle suppression is practically the same as for collisions 4He 
(14.6 GeV) +Au [12,13]. This means that the IMF emission time for proton-induced multi­
fragmentation does not exceed 100 frnlc as in collisions He+ Au. Detailed analysis of the 
angular correlations will be presented in a separate publication. 

Conclusion 

Multiple emission of intermediate mass fragments has been studied for the collisions 
p +Au at the beam energies 2.16, 3.6, and 8.1 GeV with the modified FASA set-up. The 
mean IMF multiplicities are equal to 1. 7 ± 0.2, 1.9 ± 0.2, and 2.1 ± 0.2 respectively. The 
intranuclear cascade calculations with or without preequilibrium emission do not solve the 
problem of describing the properties of a target spectator for the projectile energies used. 
The epxerimental data on the IMF multiplicity and charge distributions as well as fragment 
kinetic energies are described with the empirically modified intranuclear cascade 
calculations followed by the statistical multifragmentation model. The present data support 
a scenario of true thermal multifragmentation of a hot and expanded nuclear system. 
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SEARCH FOR EFFECTS OF THE OZI RULE VIOLATION 
IN cp AND ro MESONS PRODUCTION 
IN POLARIZED DEUTERON BEAM INTERACTION 
WITH POLARIZED PROTON TARGET (PROJECT DPHE3) 

V. Yu.Alexakhin, N.Angelov, S.N.Filippoi, F.F.Guber1
, 

A.B.Kurepin1
, V.P.Nomokonov, E.A.Pasyuk, N.M.Piskunov, 

M.G.Sapozhnikov, I.M.Sitnik, E.A.Strokovsky, YlLA.Usov 

It is proposed to verify the predictions of the intrinsic polarized nucleon strangeness model 

by investigation of the reaction "? + j? ~ 3He + q> with different deuteron and proton spin 
orientations. This reaction is very convenient to make such a test because of large momentum 
transfer and since the substantial OZI rule violation has been already found for this reaction at 
SATURNE II for the non-polarized proton and deuteron. The predictions of the model are very 
clear: the cp ·production should be increased with parallel deuteron and pt oton spins orientation 
and suppressed with antiparallel one. We propose to perform measurements using the polarized 
deuteron beam from the JINR Nuclotron and the BES spectrometer with a movable polarized 
proton target. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

fiOHCK 3c}lc}leKTOB HapymeHHJI npaBHJia 0.l(U 
B pOJK,llCHHH cp- H CO·MC30HOB DO B38HMO,llCHCTBHH D y<IKa 

DOJIHpH30B8HHbiX ,llCHTpOHOB C DOJIHpH30B8HHOH 

npoTouuoii MHmeHbiO (npoeKT DPHE3) 

B.IO.AJzeJCcaxun u iJp. 

llpewiaraeTCll nposepKa npencKa3aHHH MOAertH noJIJipH30BaHHOH BHYTPeHHeii CTPaHHOCTH 

B H)'KJIOHe C nOMOWbiO H3)"1eHHJI peaKUHH t + j? ~ 3He + !p C pll3JlH'IHbiMH OpHeHTaUHJIMH 
cnHHOB neiiTPOHa H npoToHa. H3)"1eHHe JToii peaKUHH HMeeT pliA npeHMyrneCTB )IJlll nposepKH 
npencKa3aHHH JTOH MOAertH, a HMeHHO: CI!JibHOe HapyweHHe npasi!Jia OUH c HenOJIJipH30BaH­
HbiMH Ha'laJibHbiMH '!aCTHUaMH yJKe o6HapYJKeHo B JKcnepHMeHTax Ha CATYPH II. llpencKa-
3aHHll MOI{ertH O'leHb 'leTKHe: BbiXOI{ !p I{OJIJKeH 6b1Tb yci!JieH npH napa.nJiertbHOH OpHeHTaUHH 
CnHHOB l{eHTPOHa H npOTOHa H nol{aBJieH npH HX aHTHnapa.nJiertbHOH OpHeHTaQHH. fipeAJJara­
eTCJI HCnOJib30BaTb n)"'OK noJIJipH30BaHHbiX .LieiiTPOHOB OT H)'KJIOTpoHa OH51H H cneKTPOMeTP 
EEC c nepeABHJKHOH noJIJipH30BaHHOii npoTOHHOH MHWeHbJO. 

Pa6oTa BbtnOJIHeHa B Jla6opaTOpHH llltepHLtx npo6JieM OH51H. 

1Institute for Nuclear Research, Troitsk 



82 Alexakhin V. Yu. et al. Search for Effects of the OZI Rule 

1. Physical Motivation 

According to the naive quark models, the proton wave function contains just two u 
quarks and one d quark. This model gives a good general picture of the hadron structure at 
large distances, while probes of a shorter distance reveal more constituents like a sea of 
qq (q = u, d, s) pairs and gluons, qualitatively as expected on the basis of perturbative QCD. 
However, there are now some experimental indications that the proton wave function can 
contain a substantial fraction of ss pairs. 

The presence of ss pairs in the nucleon was first indicated by measurements of the 
charm production in the deep-inelastic neutrino scattering and low energy 1tN scattering 
data on the o term. The magnitude of the strange quark contribution varies for different 
nucleon matrix elements. Thus the fraction of the nucleon momentum carried by the strange 
quarks is (4.08±0.41)% [1]. The contribution of the strange quarks in the nucleon mass is 
surprisingly high m ( ss ) = 190 ± 60 MeV [I]. Recently the EMC and successor experiments 

. s 

(SMC, El4i, E143) have not only confirmed the indication that such pairs are present, but 
also indicated that they are polarized. This latter observation has stimulated great theoretical 
interest (for ·review, see [I ]-[3]). A number of competing explanations appeared and 
attention was drawn back to some old problems. 

Thus the presence of a substantial amount of strange quarks in the nucleon arouses a 
problem of applicability of the Okubo-Zweig-Iizuki (OZI) rule [4] to processes involving 
baryons. The OZI rule predicts that diagrams with disconnected quark lines should be 
suppressed as compared to connected quark diagrams. If there are no strange quarks in the 
nucleon, then production of the <p meson, for instance in pp annihilation, should look like 
in Fig.l(a). The ss pair should be created in the final state, which is absent in the initial 
state, so <p production is described by the disconnected diagram and should be suppressed. 
On the contrary, production of the ro meson, which contains only light quarks, could be 
described by the diagram of Fig.l(b}, where the quark lines of the initial state are connected 
with the final state on~s. Therefore, no suppression is expected for ro meson production. 

N 7r N 7r ' 

Sl~ ~ 
s w 

N c 4> N. 
s 

a b 
Fig. I . Disconnected quark diagram of <p meson production in NN interaction (a). Diagram of ro 
production in the same process (b) 
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annihilation of stopped antiprotons is a firmly established experimental fact seen by 
different groups in different reactions (for a review, see [5]). · 

The most striking feature of the OZI rule violation found in t e experiments at LEAR 
is its strong dependence on the quantum numbers of the initial state. 

For instance, the OBELIX collaboration have studied the channel pp ~ <prc0 for anni­
hilation in hydrogen targets with different densities [6], [7] and not only a large ratio 
<p I oo was found (30 times higher than the naive OZI rule predictio ), but also it turned out 
that the <p production is 50 times more prominent for annihilation from the triplet initial 
state than from the singlet one. 

Some attempts were made to explain the strong OZI rule violation in pp annihilation at 
rest [8]-[10] on the basis of the traditional ideas, but these approaches are unable to 
reproduce all the features of <p production observed now. On the contrary, the model of the 
polarized intrinsic nucleon strangeness [11] provides the physically transparent explanation 
of the observed spin dependence of the <p yield and predicts some definite tests. · 

1.1. Polarized Intrinsic Nucleon Strangeness . First of all, it is a sumed that the OZI rule 
itself is valid. Its violation is only apparent and could be regarded as a signal of a 
complicated nucleon structure. It is supposed [11], [12] that the abundant <p meson 
production could be the consequence of an admixture of ss pairs in the nucleon. In this case 

the <p production in NN or NN interactions is described by the iagarms with connected 
s-quark lines. 

At first glance, the intrinsic strangeness of the nucleon should lead to the same enhan­
cement of the <p production in all annihilation channels. This is in contradiction with the 
experimental data. To solve this principal difficulty it was as umed [11] that the ss 
component in the nucleon is polarized. 
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Fig.3. Production of the q> meson in NN interaction from the spin-triplet (a) and spin-singlet (b) states. 
The arrows show the direction of nucleons and strange quark spins 

Indeed, the results from the deep inelastic lepton-nucleon experiments indicate that 
strange quarks and antiquarks in the nucleon have a net polarization opposite to the proton 
spin [13]: 

I 

AI-= J dx [qj(x)- q.!.(x) + qj(x)- q.!.(x)] =- 0.10 ± 0.03. 
0 

(1) 

Adopting this observation from·the deep inelastic scattering one may ask what happens 
if the nucleon wave function, even at small momentum transfers, contains an admixture of 
ss pairs with spin of both strange quarks oriented opposite to the nucleon spin. 

Let us consider NN interaction from a spin-triplet initial state in which the nucleon 
spins are parallel (see Fig.3). In this case the sand s quarks in both nucleons will also have 
parallel spins. If the rearrangement diagram of Fig.3 is dominant and the polarization of the 
strange quarks is not changed during the interaction, then the s and s quarks will have 
parallel spins in the final state as in the quark-model wave function of the q> meson . If the 
NN initial state is an S state, the ss pair will probably also be in an S wave as in the q> 

meson. Therefore, the maximum enhancement of q> production is expected in the 3S
1 

channel, as observed in the pp ~ qm channel. If the initial NN state is spin singlet, then the 
rearrangement diagrams like that in Fig.3b may lead to the system in the final state also in 
the spin-singlet state, but that is not a q> meson. 

This model also qualitatively suggests why q> production may be more enhanced in 
pp annihilation at rest than in other hadronic interactions. The reason is that higher energy 
collisions involve an increasing admixture of partial waves, implying that the «rear­
rangement» into the ss spin-triplet S-wave state of the q> meson becomes progressively more 
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diluted. On the contrary, in the pp annihilation at rest only one pure spin state 3S
1 

is 

possible for qm production in S-wave annihilation. 

An important step was made in [12], where arguments were given on the basis of chiral 

symmetry that the ss pair in the nucleon wave function might be in a 3 P 
0 

state . 

We would like to stress that all tests of the predictions of th is model [II] performed 
up to date gave positive results (for review, see [5]). 

1.2. "t + j? ~ 3He + <p as a Test of the Polarized Proton Strangeness Model. The spin 
dependence of the <p yield should manifest itself in polarized proton interactions with pola­
rized deuterons 

(2) 

It is predicted [11] that <p production will be enhanced whe spins of the proton and 
deuteron are parallel. When spins of the beam and target particle are oppositely directed, 
the <p production is predicted to be suppressed. 

The <p (and w) yields in reaction (2) were measured at SA TURNE II with the unpo­
larized beam and target combination [14]. A large deviation from the OZI rule prediction 

was revealed: R(<p / w) = (80 ± 3~0) . 10-3
. 

These results are promising and give credence to study the polarization effects of the 

OZI rule violation in these processes. The main physical advantage of 3He production 
reactions (2) is that they provide a possibility of studying OZI rule violation in the high­
momentum transfer region. 

Recently the pd ~ 3He +X processes were considered in [ 16], [ 17] on the assumption 
that the meson X production is going on via a two-step mechanism involving the 
subprocesses pp ~ dTt and rcN ~ XN. In this scheme the <p production occurs not in NN 
interaction but in rcN one. 

Numerically, the ·calculations of [16] underestimate the cross sections of <p and w 
production by a factor of 2.4. In [ 17] it is stressed that the absolute value of the cross 
section is very sensitive to the spin structure of the ele entary amplitudes and 
underestimates the cross sections of <p and w production by a factor of I 0. Thus, one could 

conclude that this simple two-step mechanism alone is responsible for 3He production. In 

principle, there are different possibilities of matching high momentum transfer of 3He with 
the deuteron formfactor. 

It is remarkable that the «standard» two-step model of 3He roduction in reaction (2) 
predicts completely different behavior of the <p yields. It was calculated [ 17] that if vector 
mesons are created via the pp ~ dTt and the rcN ~ XN chain, the they should be produced 
mainly from the antiparallel orientation of the proton and deuteron spins. The value of the 
asymmetry 

A_ Y(ii)- Y(i J,) 
- Y(ii) + Y(i J,) (3) 
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(where Y is the 3He yield for the parallel and antiparalel orientations of the spins of protons 
and deuterons) near the threshold is expected to be A =- 0.95. The intrinsic polarized 
strangeness model predicts that A should be positive. Thus, it would be extremely 
interesting to perform these measurements. 

It is important to compare characteristics of <p production with those for ro meson. The 

effects of nuclear dynamics of 3He formation with <p and ro mesons should be rather similar. 
The ro production wou ld be a nice reference point providing information on standard 
mechanisms of the vector meson production. 

It is expected that the ratio of <pI ro cross sections should be high and the asymmetry 
(3) would be positive and large for the <p production. 

2 . The Experime ntal Apparatus 

2.1. Selection of the Reactions with <p(ro) Mesons. The polarized deuteron beam with a 
proper momentum of about 5 GeV/c will be available at the JINR Nuclotron. The polarized 
proton target was already installed and the first experiments with it have been done [18] , 
[ 19]. 
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= \ 
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100cm 

f------1 
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PC1 , PC2, PC3 • proportion• I chamber• 

Fig.4. General layout of the proposed apparatus 
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The BES magnetic spectrometer [20], which is under development at LHE JINR, will 

be used for measurements of 3He in the reactions: 

(4) 

(5) 

The general layout of the apparatus is shown in Fig.4. It consists of magnets SP57 and 
SP40, proportional chambers, TOF hodoscopes, scintillator and Cherenkov counters. 

The binary reactions (4), (5) will be selected by a peak in the missing mass spectrum 

of 3He. 

As a working point we choose the deuteron momentum 5.35 Ge V /c. In [ 17] the cross 
section of reaction (2) as a function of the · beam energy was calculated. This dependence 
for reaction (2) as a function of incident deuteron momentum was scaled in accordance with 
the experimental data [14] and shown in Fig.5 . The arrow indicates the chosen point on 
momentum. 
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3He momentum distribution ; (b) kaon momentum distribution ; 
(c) distribution on ~ for kaons; (d) distribution in scattering 
angles for kaons 

One could see that the cross section reaches its maximum just at this point. This 
momentum in the laboratory system corresponds to the c.m.s. momentum of 258 MeV/c in 
the <p production reaction (4). The same c.m.s. momentum for w production (5) corresponds 
to the initial deuteron momentum of 4.37 GeV/c. 

In Fig.6. the kinematic characteristics of the <p production reaction (4) are shown. The 

momentum distribution of 3He is shown in Fig .6(a), the 3He momenta are in the range 
3.5-4.4 GeV/c. The momentum distribution of kaons from the <p decay is shown in 
Fig.6(b). It is peaked at 700 MeV/c. The corresponding distribution in the velocity ~of the 
kaons is shown in Fig.6(c) . One can see that most kaons have ~ < 0.9. The angular 
distribution of the kaons is shown in Fig.6(d). The kaon scattering angles are confined 
within 20°. 

It is assumed to detect the 3He nucleus and to measure its angle and momentum. Then 
<p(oo) mesons could be selected by the peak in the missing mass spectrum. 

The Monte-Carlo simulation of the reactions under investigation was performed. The 
momentum resolution of the BES spectrometer was assumed to be l% and the angular 
resolution was taken as 0.1 °. 
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In Fig.7 the simulated missing mass spectra for reactions (4), (5) are shown . One could 
see that smearing of the <p and ro peaks due to the detector resol tion and energy losses in 
the 20-cm-thick polarized target is not dramatic . The narrow peaks with <J<p = 9 ± I MeV 

and <J
00 

= 25 ± I MeV (when fitted by a Gaussian) are seen . 

The 3He nuclei will be separated from the background with the time-of-flight and 
charge identification systems of the BES spectrometer. 

2.2. Analysis of the Background Reactions. As was pointed out, the <p and ro mesons 

should manifest themselves as the peaks in a missing mass spectrum with respect to 3He. 
However, there is a significant background from other reactions, particularly from the 

reaction 't + jj ~ 3He + n · 1t. To evaluate the background a Monte-Carlo simulation of one 
of the most important background channels 

(6) 

has been done. In Fig.8(a) the pion momentum distribution i shown. The pions from 
reaction (6) have a rather broad distribution peaked at 300 MeV/c. The corresponding 
distribution in the velocity ~ is shown in Fig.8(c) . Though the low-~ tail for pions is not 
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negligible, most of them have ~ > 0.9, while most of kaons from <p decay have ~ < 0.9 
(Fig.6(c)). The distribution of the pion scattering angles is shown in Fig.8(b). It is signi­
ficantly broader than the corresponding distribution for the kaons (Fig.6(d)) . Thus, it is 
quite natural to use angular, velocity and multiplicity cuts for the background suppression. 

We also investigated reaction (2) on bound, not polarized protons. It appears that the 
peak from the <p meson in the missing mass spectra is strongly smeared because of the 
Fermi motion (see Fig.7(a), hatched area). Our estimations show that the signal from the 
reaction on a free proton is about 14 times higher than from the reaction on bound proton, 
if both distributions are integrated within the m<p ± 3o interval. 

The practical scheme of the background suppression is proposed as follows . The array 
of the Cherenkov counters followed by a similar array of thin scintillator counters is placed 
downstream the target in front of the BES spectrometer. This detector array covers the 
scattering angle range 5°< 9 < 20°. It allows one to select events with two slow charged 
particles within the defined angular range. Besides this detector system, a veto detector 
covering the angular range 9 > 20° is installed. This detector will reject background events 
with charged particles scattered at large angles . · 

It is proposed to use the total internal reflection to construct the Cherenkov detector, 
because the velocity threshold was chosen as 0.9, which corresponds ton= 1.11. Only gases 
and aerogels could have such a refractive index, but construction of gas counters is difficult 
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a) b) 

Fig.9. Array of the Cherenkov counter as seen from the beam 
direction (a) and the lateral view of a single counter (b) 
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and aerogels with the needed n are not available. The proposed Cherenkov detector (see 
Fig.9) will consist of twelve trapezoids. It will be placed downstream the target around the 
beam axis leaving a hole for the beam passage. 

Each trapezoid will be made of one-piece plexiglas and specially machined to give it a 
complex shape, namely it will consist of nine segments each covering 1.7° in 9-angle and 
having its own slope angle to the beam axis to provide the best discrimination in ~. The 
slope angles for each segment were optimized by our Monte-Carlo simulation. 

The trapezoids will have a reflective front side (viewing the target) and their both 
lateral sides will be in contact with two adjoining trapezoids. All trapezoids will be attached 
to the photomultiplier tubes from the external side. The similar structure - a set of 1 0-mm­
thick plastic scintillator detectors - will be placed just behind the Cherenkov counter. This 
structure will cover the angular range so< e < 20°. The rest f the solid angle will be 
covered by the veto detector. It consist of four 1 0-mm-thick plastic scintillator segments. 

The trigger will require the presence of a 3He nucleus and the absence of signals in the 
veto counters, while in the off-line analysis we will take events with two signals in the 
scintillator counters and without signals in the Cherenkov counter. 

The performance of the proposed set-up was estimated by t e Monte-Carlo simulation. 

To evaluate the suppression factor we generated 2 · 106 events f the background channel 
(6) and the same number of events for this reaction on bound n cleons. 

Just O.OS% of the events from the reaction (6) and 0 .02S% from reaction on bound 
nucleons pass through the set of cuts on the velocity (~ < 0.9), multiplicity (N = 2), angles 

so< e < 20° and the requirement of 3He nucleus detection. The channels with higher 
multiplicity have lower cross sections and the channels with lower multiplicity have fast 
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pions and will be suppressed by the Cherenkov detector more strongly. Therefore the 

background suppression of I 03 
- I 04 seems to be feasible . 

In Fig.IO the missing mass distribution for the <p production reaction is compared with 

the background reactions (6) and dp ~ 3He K+K-. It was assumed that 

cr{<p) = cr(K+Kl = I0-3cr(47t). The above-mentioned cuts were applied to all reaction 
channels. 

A clear peak from <p is evident. 

3 . Requests for the Beamline, Polarized Target and Accelerator Time 

The possible event rate for p d = 5.35 Ge V /c was estimated. Assuming the polar~ zed 

beam intensity Nd = 108 s-1 the polarized target C
3
H

8
0

2 
(L = 20 em, p = 0.7 g/cm3

) and the 

cross section cr = 2.3 nb, the expected number of <p events is 

N = N · p · L · cr · R · E · d == 1160/day cp d p cp--+ KK ' 
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where R KK = 0.49 is the probability of <p decay into K+K - , p = 4.4 · 1022 is the number 
~~ p 

of free protons in 1 cm3
, E.= 0.150 ± 0.003 is the registration efficiency, d = 0.9 is the duty 

factor. 
The statistical accuracy of the asymmetry measurements was estimated. To obtain 

- 10000 events (2), 9 days of polarized deuteron beam with the intensity Nd = 108 s-1 are 

needed. 
A discussion about possibility of the moving Medium Resolution Spectrometer (MRS) 

[21] from Los-Alamos to JINR is going on. We would like to stress that the MRS could be 
used to our investigations. 

We are grateful to V.I.Komarov, L.K.Lytkin, L.V.Malinina a d Yu .N.Uzikov for extre­
mely useful discussions. 

This work is supported in part by the Russian Foundation for Basic Research, grant 
No.95-02-05807 -a. · 
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FAST DETECTOR FOR TRIGGERING 
ON CHARGED PARTICLE MULTIPLICITY 
FOR RELATIVISTIC NUCLEUS-NUCLEUS COLLISIONS 

G.Agakichiev, A.Drees\ P.K.Manyakov, N.S.Moroz, Yu.A.Panebrattsev, 
S. V.Razin, N.Saveljic2

, G.S.Shabratova, S.~.Shimansky, G.P.Skoro3
, 

V.I. Yurevich 
The simple and fast detector of charged particle multiplicity for rei tivistic nucleus-nucleus 

collision studies is performed. The multiplicity detector bas been de igned for the first level 
trigger of the CERES/NA45 experiment to study Pb-Au collisions at CERN SPS energies. The 
detector has allowed a realization of the 40 ns trigger for selection of events with definite 
impact parameters. The construction, operation characteristics, me od of calibration, and 
testing results are described in detail. 

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

EI>ICTphiH ,l:{eTeKTOp ,l:{JIJI Tpurrepa no MHOlKeCTBeuu ocru 

33pJI1KeHHhiX '13CTHJl ,l:{JIJI pe.riJITHBHCTCKHX 

JI,l:{pO·JI,l:{epHhiX CTOJIKHOBeHHH 

F.Azmcuwues u iJp. 

Co:maH npocToii H 6hiCTphlii neTeKTOp MHOJKecTBeHHOCTH JapliJKeHHLIX '!aCTHU ,ll1lJI HJY­
'!eHHJI pellliTHBHCTCKHX JIApO-JIAepHLIX CTOJIKHOBeHHH. JleTeKTOp MHOJKecTBeHHOCTH pa3pa6o­
TaH ,ll1lJI TpHrrepa nepooro ypOBHJI 3KcnepHMeHTa CERES/NA45 no HJyqeHHIO Pb-Au CTOJIKHO­
BeHHii npH 3Heprnllx SPS ycKopHTeJIJI B UEPH. lleTeKTop noJBOJIJieT pea.riHJOBaTL 40 HC 
TpHrrep ,ll1lJI BLUieJieHHJI co6LITHii c onpeneJieHHLIMH npHUeJILHLIMH napaMeTpaMH. nonpo6Ho 
OnHCaHbl KOHCTpYKUHll, pa60'1He xapaKTepHCTHKH, MeTOA KaJIH6poBKH H peJyJILTaTLI 
TeCTHpoBaHHJI. 

Pa6oTa BLinOJIHeHa B Jla6opaTOpHH BLICOKHX 3Heprnii 01-UIH. 

1. Introduction 

Ultrarelativistic heavy ion collisions with 160 GeV/n lead beam have been investigated 
in CERN since November 1994. For study of the events wit specific inpact parameter 
which is not a priori known it is necessary to consider a global feature of an event 
correlated with centrality . There are two main approaches to get this aim: 

1university of Heidelberg, Germany. 
2University of Montenegro, Podgorica, Yugoslavia. 
3INS «Vinca», Belgrade, Yugoslavia. 

I 

I' 
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I. to measure transverse energy, dET/ dT] or beam energy deficiency at zero degree by 

calorimeter; 
2. to study the multiplicity of secondaries that can quite comfortably be done by 

hodoscope scintillator arrays or by semiconductor detectors with appropriate segmentation. 
Both of them were successfully used for the first level triggering for experiments with 

ultrarelativistic heavy ions. 
In this paper we report the fast low-segmented scintillation Multuplicity Detector (MD) 

designed specially for the first level trigger of the CERES/NA45 double RICH spectrometer 
at CERN SPS [ 1] to study Pb-Au collisions at 160 Ge V /nucleon. Previous trigger was based 
on SIPD (Silicon Pad Detector) [2] with 64 segments and was used for the first level 
triggering in the CERES experiments with proton and sulphur beams. It provided an 
interaction trigger sensitive to low multiplicity events for proton beam and an impact 
parameter selective collision trigger for sulphur beam. The counter was situated immedi­
ately behind a Silicon Drift Chamber (SIDC) [3] in the target area of the experiment. The 
upgrading of" the CERES/NA45 spectrometer, with an aim to start the experiments with 
ultrarelativistic lead-nuclei beam of the SPS, CERN, was performed in a period 1994-95. A 
new tracking device consisting of a doublet of the SIDC [ 4] was installed at about 10 em 
distance downstream of the target. Simultaneously the SIPD was taken out from the target 
area with a goal to minimize a mass of materials in the region between the target and the 
entrance window of the RICH 1 detector. A new conception of the trigger detectors was 
designed. Trigger is based on information from small-mass gaseous Cherenkov beam 
counters [5] and the scintillation array of the MD. One of the Cherenkov micro-counters is 
placed in a gap between the target and the SIDC doublet, and it is used for selection of the 
events with the absence of lead ions behind the target (the interaction trigger) . The impact 
parameter selection is done by multiplicity triggering with the MD, located 5.35 m 
downstream from the target and about 2 m behind the RICHs. A role of the MD is to 
measure charged particle multiplicity .at mid rapidity region which is in strong correlation 
with an impact parameter of collision. Very fast, 40 ns, analysis of the MD response leads 
to high quality selection of useful events and good time synchronization of the trigger 
signals and a readout of information from the slower main detectors, of the spectrometer 
such as RICH detectors [6], SIDCs and PC (Pad Chamber). The MD is one of the most 
important elements in the trigger detector system, but it can also be considered as an 
independent elements of the spectrometer giving the charged particle multiplicity data for 
more complete physical analysis of the events. 

2. Multiplicity Detector 

The MD has to content the following criterions: 
1. Active zone of the MD has to cover essential part of midrapidity range 

corresponding to the maximum of charged particle multiplicity from fireball decay; 
2. Analog signal from the MD has to be proportional to the number of charged particles 

produced in nucleus-nucleus collision; 
3. To cover a broad multiplicity range up to a few thousands; 
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4. A readout and an analysis of the information for tr igger s tgnal processing have to be 
as f~st as possible; 

5. There has to be very low level of the background contribution to the MD response; 
6. To work under the magnetic field generated by the CERES magnet system; 
7. To have small mass, to be simple and stable in exploitation for the long term and 

cheap. 
Most of these requirements could be contented by using a plastic scintillator for the 

MD active zone. Requirements for stability, simplicity and cheapness are equivalent to the 
requirement to minimize a granularity of the detector. For this problem to be solved special 
investigations were done with an aim to find the best way for sectioning of the active zone 
of the MD which could give a standard analog signal per minimum ionization particle (mip) 
independently of a particle hitting point position. The active zone of the MD for the CERES 
experiment is a disk made of plastic scintillator of 1 em thicknes and outer diameter of 120 
em with a central hole of 20 em in diameter. The measurements have shown that the 
requirement mentioned above can be reached by using the ac tive zone consisting of 24 
equal sectors/counters (with an opening angle 15°, ecrch) and with special way of polishing 
of the scintillator surface. Worked out this way, the MD allows realization of tw<_> branches 
of the logical and analog signals: 

- 24 logical signals from counters are used for generation of the minimum bias 
pretrigger signal corresponding to the lowest level of the multiplicity ; 

- processing of 24 analog signals provides a possibility to et a threshold on a number 
of charged particles produced in nucleus-nucleus collision and y this way to organize the 
main Nch-trigger (multiplicity trigger) . 

To study collisions with low multiplicity of charged particles the logical mode can be 
used as a base for trigger signal. In the case of relativistic heavy nuclei collisions, with high 
multiplicity of secondary particles, the analog mode is used for the main trigger signal. 
Minimization of background contribution to 

the MD response is done by fast analog 

signal processing including summing of 

pulses from all counters and then 40 ns 

integration. The sketch of the MD construc­

tion is shown in Fig.1. Basic characteristics 

of the MD are given in the Table. 

Fig. I . A sketch of the multiplicity detector (I -
mechanical support, 2 - photomultiplier tube 
within a magnetic shield, 3 - light guide, 4 -
plastic scintillator) 
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Table. Main Characteristics of the Multiplicity Detector 

Distance from the target 567 em 

Angular coverage 1.0) 0
- 6.05° 

Pseudorapidity region 2.94-4.73 

Material plastic scintillator 

Thickness I em 

Inner diameter 20 em 

Outer diameter 120 em 

No. of sections 24 

Photomultiplier FEU-85 

3. Monte Carlo Si m ulation Results 

A research and development stage of the MD design for the CERES expeirment 
included the analysis of different characteristics of secondary radiation in the MD 
acceptance. Background conditions and effects were also estimated. For this purpose the 
VENUS 3.11 [7] and the HIJING [8] event generators were used. An analysis of radiation 
propagation through the experimental apparatus and the MD response were performed with 

225 
A 

~ 
~200 
v 

175 

150 

125 

100 

75 

50 

25 

0 
-2 

r; 

Fig.2. Average charged hadron distribution over pseudorapidity scale for Pb-Au 
collisions with impact parameters b < 10 fm at 160 GeV/n . Pseudorapidity ranges 
covered by the SIDC and the MD are also shown. The HIJING event generator 
was used 
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Fig.3. The energy spectrum of 
charged hadrons produced in 
Pb-Au collisions with b < 10 
fm at 160 Ge V /n obtained 
with the HIJING event gener­
ator for acceptance of the MD 

the GEANT code [9]. A 
simulation of the projectile 
nucleus fragmentation cha­
racteristics was done ac­
cording to the experimental 
distributions [ 1 0] where 
the result of the HIJING 
calculation was used as 
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input information. The perpendicular momentum of the frag ments was generated due to 
parabolic law [ 11]. All estimations were done for Pb projectile with energy 160. Ge V /n and 
the gold target. Pseudorapidity distribution for charged secondaries originating from Pb-Au 
collisions with impact parameters less than 10 fm are shown in Fig.2. In the same figure 
the pseudorapidity ranges covered by the SIDC and the MD are also shown. Energy dis­
tribution of charged parti-
cles in the MD acceptance 
is shown in Fig.3. 
Practically, all hadrons are . 1 0 • 

relativistic, so energy de-
position of each of them 1 o 3 

inside the MD scintillator 
corresponds to approxima­
tely 1 mip. An analysis of 
radiation propagation 
within the CERES area 
showed that interaction of 
photons and charged had­
rons with matter increases 
a number of charged par­
ticles within the MD ac­
ceptance. The result of the 

Fig.4. Monte Carlo simulation 
of the deposited energy dis­
tribution for !-em plastic 
scintillator and 10-GeY in­
cident protons, total (top) and 
for nuclear reactions in the 
scintillator (bottom) 
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Fig.5. Average contributions 
from different background 
processes to the MD 
response 

MC simulation of the energy loss in the MD scintillator for 10 GeV protons is shown in 
Fig.4. The energy loss per incident proton achieves 100 mips due to the inelastic nuclear 
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Fig.6. Monte Carlo simulation of 
the pseudorapidity distribution of 
lead ion fragments versus • the 
fragment charge for Pb-Au 
collisions with b < 10 fm at 160 
GeV/n. The upper edge of the 
MD region is also shown 
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interactions inside the scintillator. This is an additional contrib tion to the MD response, 
and it is the main source of the counter response fluctuations. The HIJING code predicts in 
average 657 charged hadrons in the MD acceptance for the central Pb-Au collisions at 160 
GeV/n. It was obtained that this magnitude rises by a factor of 1.5 by means of particle 
multiplication process in the CERES medium. The average contributions from different 
background processes leading to the increasing of the MD respose are shown in Fig.5. 
Pseudorapidity destribution of Pb projectile fragments with charge Z for Pb-Au collisions 
with impact parameters b ~ 10 fm is shown in Fig.6. As one can see, there are only single 
charged fragments in the pseudorapidity region covered with the MD. 

4. Counter Design 

Each counter of the MD consists of plastic scintillator connected with photocathode of 
photomultiplier tube FEU-85 by means of the lig.htguide wor~ed out from polished 
plexiglass as shown in Fig.7 . Each plastic scintillator has 50-em length and 1-cm thickness 
with an opening angle of 15°. Polystyrene based scintillators were produced in LHE, JINR. 
Light collecting homogeneity was achieved with different polishing of main and flanking 
areas of scintillator. Flanking surfaces with width of 1 em were polished to the mirror 
quality level, but the surface of the active zone was done to the diffusion level. Scintillator 
together with lightguide are wrapped around by an aluminized mylar and black paper. The 
PMT has 25-mm diameter photocathode and 11 stages of amplification. Important charac­
teristics of FEU-85 are good single electron response and timing properties (rise time and 
duration of anode pulse are 3 ns and 25 ns, respectively) with pulse height resolution not 
worse than 9%. Voltage divider of PMT is shown in Fig.8. To provide stable work and to 
expand dynamical range three last dinodes were supplied fro m the chain of the diodes 
BZT03C150/C180. Voltage supply of the divider is in the range 1500-1600 V, while the 
value of current through the divider is ~ 1.2 rnA. 

An influence of the CERES magnetic field on regime of PMTs was tested at the 
working conditions in the experimental area of the spectrometer. Two identical samples of 
counters and different types of magnetic screens were used in test measurements . Results 

Fig.7. Sketch of a single counter of the MD array (I -voltage divider, 2 - soft 
iron tube of the counter, 3 - additional soft iron cylinder, 4 - permaloy-B 
screen, 5- electrostatic screen, 6- photomultiplier, 7 -lightguide, 8- plastic 
scintillator) 
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Fig.8. Voltage divider of the photomultiplier FEU-85 

are shown in Fig .9 as a function of the distance from magnetic system of the CERES 
spectrometer." The ·measurements showed a high influence of the magnetic field on a counter 
operation at the · distance of 1-2 m from the last correction magnet. Testing of different 
types of magnetic screens led to a choice of final variant of the counter design . The MD 
was installed at a distance of 2 m from the magnet system (5.35 m downstream of the target 
position). The PMTs were placed inside the 1.5-mm permaloy-B screen which was put into 
the counter tubes of soft iron with inner and outer diameters of 36 and 40 mm, respectively. 
An additional soft iron cyl indrical screen, 180 mm long and 3.5 mm thick, was also used. 
For more stable operation of counter an electrostatic screen was wraped around PMT at 
photocathode potential. Homogeneity of light output for the MD counter was studied with 

collimated ~-source of 144Ce. Results of measurements are shown in Fig. lO as a map of 
relative response values for the different hitting points. The pulse height dispersion is Jess 
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Fig. 10. The response map for the MD counter scintillator obtained with 

a collimated ~-source 144Ce 

than - 5% in the most part of counter active area and only in the 
angles far from the MD center it rises up to 35%. 

The pulse height distribution for mip was also studied with 
deuteron beam with momentum of 8.9 GeV/c. The results were 
obtained for 4 cases when deuteron beam passed through the 
scintillator in three different points 10, 30 and 47 em from the 
lightguide along counter axis and through the lightguide itself. 
For the first three cases the distributions are practically 
identical, and the beam passage through the lightguide does not 
produce any additional influence on the counter response. 

So a requirement of independency of detector re~ponse on 
a hitting point position is well realized. Similar pulse height 
distributions for all counters of the MD were measured with 
muons at CERN and will be discussed below. One can consider 
this fact as a confirmation of proportionality of pulse height 
value to a number of hits. In a linear region of the detector, the 
MD responses for different number of charged mips were 
obtained with Monte Carlo simulation on a base of 1-mip 
distribution measured. With increasing of particle number,n, the 
distribution becomes close to Gaussian shape with a mean value 
A and a dispersion M : 

n n 

A =n-A 
n I 

M = 0.45-v!\. 
n n 
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The MD scintillators were pushed to be close to each other by fixing of the counters on a 
metallic frame. Dead space between the scintillators was less than 0.5 mm. 

5 . Signal Processing Electronics 

The analog and trigger electronics of the CERES spectromet r is located 20 m from the 
experimental zone. The HV supply of PMTs is realized by 32-channel system (LeCroy 
model). Block scheme of electronics providing readout and processing of the MD signals is 
shown in Fig.11 . The timing diagram of the MD signal processing is shown in Fig.12. 
Signals are taken from anodes of PMTs and brought to the i puts of the discriminators 
(LHE/JINR model4F115). These discriminators allow one to set small thresholds- 10 mY, 
i.e., much lower than mean value of mip amplitude. The output NIM signals come to input 
register and to 24 inputs of majority logic unit (CEAN model, NIM) which generates the 
signal with a pulse height proportional to a number of pulses from the MD. By VME 
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Fig. II . A scheme of the MD signal processing electronics 

discriminator (Heidelberg univ. model) one can set a threshold on a number of MD pulses. 
Fao;t coincidence of pulse from VME discriminator with pulses induced with BC (BCl, 
BC3) and veto detectors {VETO) allows one to produce the minimum bias trigger signal by 
multifunctional logical module (Heidelberg univ. model DL630). 

On the one hand, this signal can be used as a trigger with given minimum value of 
multiplicity threshold. On the other hand, it ptovides time synchronization of the trigger 
electronics. An experience hao; shown that a calibration of the MD can be carried out very 
effectively with the background muons produced by SPS beam in the experimental hall of 
the North Area. The muons passing through 8-m concrete shield come into the CERES 
zone. A 20-ns coincidence of signals of two scintillation arrays VW (Veto Wall) and the 
MD with about the same active areas gives a special · trigger signal «muon» for the 
calibration goal. A distance between the VW and the MD is 9.8 m. The trigger signal 
appears only in a case if single counters of both arrays have given the pulses at the same 
time. 

Analog signals of the MD are splitted on two branches. One set of the signals passing 
through a delay box and an attenuator (fine tuning of signal amplitudes) come to inputs of 
ADCs, VME modules. Another set arives in a sum module (LHE/JINR model 24LS243) 
which performs an analog summing of the input signals for next step ~f signal processing 
by integrator module (LHE/JINR model L V253). A time interval of sum pulse integration 
is given with 40-ns gate pulse generated by minimum bias trigger signal. As a result the 
amplitude of integrator signal is proportional to a charge particle multiplicity plus a 
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Fig.12. A timing diagram of the MD signal 
processing 

pedestal. This signal after splitting is passed 
to four inputs of VME discriminator with 
different thresholds on a multiplicity 
calibrated. The Nch-trigger signal is provided 

by the Down Scaler VME module (Heidelberg 
univ. model) which performs a selection of 
input signals from the Nch-discriminators in a 

correspondence with a set of reduction 
factors. The output signal of this module is 
sent to the first level trigger electronics to 
generate the main trigger signal. 

6. Adjustment and Calibration 

An analysis has shown that the response 
of the MD for Pb-Au central collisions at 160 
GeV/n achieves approximately 950 mips. An 
adjustment of the MD was performed right 
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before the beginning of experiment when the magnetic system of the CERES spectrometer 
has been turned on. An investigation of dynamical range of the MD counter operation has 
shown a good linearity with unchanged pulse shape up to the pulse height value of 2.5 V. 
So the tuning procedure has a goal to get a correspondance between a maximum deposited 
energy (- 60 mips per counter) and above-mentioned dynamical range. At this regim a 
mean value of pulse height from PMT for 1 mip is ~ 40 mV. Rough test of working 
capabilities of the MD counters can be carried out with the light emitted diodes (LED) 
placed on the lightguides of the counters. Short pulses with pulse height of - 70 V are 
produced for the LED system by a special generator (LHE/JI1\R model GSD712). 

The main stage of adjustment and calibration of the MD was carried out with 
background muon flux using the special muon trigger. A typic I number of the triggers per 
burst was about 3000-4000. 

The fine tuning of 1 mip responses for individual counters was done by playing with 
the HV supply of PMTs. It was the iterative procedure performed with muon trigger and 
usually three steps were enough. The typical pulse height distributions measured with .. 
muons for some counters are shown in Fig .l3. 

To study Pb-Au semicentral and central collisions the foil wing set of parameters was 
settled to realize the minimum bias trigger: 

-Thresholds of discriminators for MD counter pulses ~ 140 mV (> 3 mips); 
-Threshold on a number of pulses from the MD array was 15. 
Such parameter set corresponded to an effective bias of the trigger of 80-90 mips. The 

next stage of calibration was an establishment of correspondence between the values of 
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Fig. l3 . One-mip pulse height responses for some counters of the 
MD measured with background muon stream generated by the SPS 
beam in the North Area 

discriminator threshold in m V and the multiplicity of particles measured with the MD or, 
in other words, the calibration of the main first level trigger signal, Ncb-trigger. With this 

aim special measurements for different threshold magnitudes were carried out with the 
lead-ion beam and the gold target. The distribution of number of charged particles was 
obtained by summing of 24 distributions measured with the individual counters calibrated 
before with muons. 

7. Test Measuremen ts with Lead Beam 

The detector was tested with 160 GeV/n lead beam of the SPS CERN in November 
1995. A background response of the MD for the single lead ion passed through the 
experimental zone without nuclear interactions is shown in Fig.14. Such response can be 
explained with the 0-electron production upstream of the MD, and it is much less in the 
case of close nucleus-nucleus collisions without high-charged projectile fragment. So 40 
mips in average is the maximum background contribution from the CERES beam line: A 
correlation between responses of two detectors, the MD and the SIDC, measuring the 
multiplicity of charged particles for the Pb-Au collisions with the interaction trigger (the 
lowest bias trigger) is shown in Fig.15. The SIDC1 was located at 9.8 em behind the target 
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and, covered the pseudorapidity region 1.8 < 11 < 3.8. There is a good correlation and 
linearity between responses of both detectors in all dynamical range. A correlation of two 
processes such as the multiple charged particle production within the MD acceptance and 
the projectile fragmentation measured with the Cherenkov counter BC2 is shown in Fig.I6 
(interaction trigger). The BC2 was located about I m behind the MD and covered 
pseudorapidity region 11 > 6. 7. The counter response is proportional to the sum of fragment 
charges squared and so the big response can occur only in a case if the high-charged 
fragments are available. One can see that there are no big responses of the BC2 for the 
high-multiplicity events. Only for the peripheral collisions, N 

1 
< I 50 (b > 10 fm) , we can 

C l 

observe the fragmentation process with high-charged frag ments. The bump in the 
multiplicity distribution at low multiplicities is explained with a high cross section of lead 
nucleus disintegration in the peripheral collisions. 

A comparison of the experimental multiplicity distributio measured by the MD for 
Pb-Au collisions at I60 GeV/n with the HIJING-GEANT prediction for four different im­
pact parameter cuts b < 4, 6, 8, and I 0 is shown in Fig. l7 . There is a good agreement 
between experimental and predicted distributions in· the range of· semi-central and central 
Pb-Au collisions. The impact parameter regions b < IO, 8, 6 and 4 fm approxima.tely corres­
pond to the MD responses with Nch > I60, 350, 550, and 750 respectively . The CERES gold 

target consisted of 8 microtargets of 600 J.lm diameter and 25 J.lm thickness, separated along 
the beam direction by 3 mm. The main statistics in the run'95 was got with the Nch-trigger 

at the Nch-bias of 300 (b ~ 8.5 fm) . The dependence of MD multiplicity on the interaction 

point, i.e., z coordinate of the vertex, is shown in Fig . l8 for two triggers, interaction trigger 
and Nch-trigger. Vertex reconstruction was done by double tracking device SIDCl ,2. The 

most of produced particles 
2000 

originated in the target re-
gion . It is cleary visible there 

1750 l are two additional back-
ground sources, the mylar 
windows of the vacuum pipe 1500 

at z = -5.3 em and of the Che-
renkov counter BC3 at 1250 

z =0.5 em in the interaction 
trigger case. For Nch-trigger 1000 

one can see practically only 
particles produced in the gold 750 

microtargets. 
500 

Fig.l4. Background response of 250 

the MD for the case of single lead J \ ion passage through the 0 l 

experimental without 0 20 40 60 80 100 120 140 160 180 200 
zone Nc h(MD) nuclear interactions 
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Fig. l5 . A correlation between the 
MD and the SIDC responses 
measured with minimum bias 
trigger 

Fig. l6. A correlation of multiple 
charged particle production 
within the MD acceptance and 
projectile fragmentation measured 
with the BC2 (top). A distribution 
of charged particle multiplicity 
measured by the MD with the 
interaction trigger (bottom) 
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Fig.l7. The MD multiplicity 
distributions measured and 
predicted with the HIJING­
GEANT for the Pb-Au collisions 
with b < 10, 8, 6, 4 fm 

Fig.l8. A dependence of the MD 
multiplicity on Z-coordinate 
obtained by vertex for the 
interaction trigger (left) and the 
Nch -trigger (right) 
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8. Conclusion 

We described the capabilities of the low-segmented scintillation array for the fast multi­
plicity triggering in a broad dynamical range up to a few thousand mips within the detector 
acceptance. The active time of the MD is defined by the 40-ns integration of sum pulse and 
can be even reduced twice . The test measurements with 160 Ge V /n lead beam have shown 
a good correlation and linearity for the multiplicity data obtained with the MD and the 
SIDC. The maximum background response of the MD is about 40 mips whereas the MD 
response for central Pb-Au collision corresponds to about 950 mips. The HIJING event 
generator prediction of multiplicity is in good agreement with the SIDC data and has to be 
multiplied by a factor of 1.5 with a goal to reproduce the MD results. The GEANT simu­
lation and estimation performed have shown that this effect is produced by particle multi­
plication pro~ess in the CERES medium and nuclear reactions in the MD scintillator. First 
level· triggering with Nch > 300 selects only Pb-Au collision events with the impact para-

meters less than .::::: 8 fm. It has been the major trigger for the CERES experiment in 1995 
and 1996. In a future we plan to use the MD as one of the major trigger detectors of the 
DISC spectrometer for nucleus-nucleus collision study at the Nuclotron energy in Dubna. 
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