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ON THE POSSIBILITY OF FUSION REACTIONS 
IN WATER MOLECULES 

V.B.Belyaev, A.K.Motovilov, W.Sandhas 

The probability of nuclear transitions p + p + 160 ~ 18Ne ( 4.522, 1-) in molecular water is 
estimated. Due to a practically exact agreement of the energy of the Ne resonance and of the 

p + p + 160 threshold, the transition probability is found to be considerably enhanced. This 
indicates the possibility of nuclear fusion in rotationally excited H20 molecules of angular 

momentum 1-. 
The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, 

JINR, and Physikalisches lnstitut, Universitat Bonn (Germany). 

0 B03MOJKHOCTH peaKnHH CHHTe33 B MOJieKyJiaX BO)J;bl 

B.E.Eell.Re6, A.K.Momo6UJl06, B.3aH.oxac 

OueHHBaeTcll uepoliTHOCTb ll.llepHbiX nepexO.llOB p + p + 160 ~ 18Ne (4.522, ll u MoneKyne 
BO.llhl. YcTaHaBnHBaeTCll cymecTBeHHOe yuenHqeHHe uepoliTHOCTH TaKHX nepexo.llOB 6naro.llapll 

npaKTH'!eCKH ToqHoMy couna,lleHHIO :mepnm pe3oHaHca Ne H nopora p + p + 160. Bee 3TO 
yKa3biBaeT Ha B03MOJKHOCTb peaKUHH ll,llepHOI"O CHHTe3a BO BpamaTenbHO B036yJK,lleHHbiX MOne­

Kynax H20 c yrnOBhiM MOMeHTOM 1-. 

Pa6oTa BhmonHeHa u Jla6opaTOpHH TeopeTHqecKon cpH3HKH HM. H.H.6oron106oua 01-UJH H 
<I>H3HqeCKOM HHCTHryTe OOHHCKOI"O YHHBepCHTeTa (fepMaHHll). 

Nuclear states with binding or resonance energies close to breakup threshold have a 
large spatial extension due to a long tail of the corresponding wave functions. For instance, 

the ground state of the nucleus 8B, i.e., of the main source of high-energy solar neutrino 

[1], is separated from the p + 7Be threshold by only 130 keY. Integrations up to 300 fm, 

hence, are needed [2] when treating the process p + 7Be ~ 8B + y. 
In nuclear reactions, the existence of near-threshold intermediate states leads to a con­

siderable increase of the transition probability. As an example we recall the muon-catalyzed 
dt fusion in the molecule (dtl.l), which takes place primarily via the mechanism 

d + t ~SHe (3 /2+) ~ 4He + n. 

Since the difference between the energies of the dt threshold and the sHe (3 / 2+) resonance 
is only about 50 keY, it is not surprising that the probability of this process exceeds at least 
by four orders of magnitude the probability of nuclear transitions in the (ddl.l) or (pdl.l) 
molecules where no such resonances occur [3]. 
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r2p::; 20 keV 
- - 160 + 2p 

4.522 (1-) I 4.522 

- - 11F + P 
3.922 

.I 1.8873 (2~ 
(a+, r = l) 

1sF 

Fragment of the nucleus 18Ne spectrum 

In this note we want to point . to an analogous situation, however in an ordinary 

(electronic) molecule. From the level scheme of the nucleus 18Ne [4,5] presented in the 

Figure, we infer that the measured energy E = 4.522 MeV of 18Ne (1-) coincides up to the 

last figure with the threshold energy of the three-body channel p + p + 160 . Since the 

binding energy of the water molecule is only a few eV, this means that the rotational 1-

state of H20 and the 18Ne (1-) state are degenerate in energy. Excited molecular water of 

this angular momentum, thus, is to be considered as a superposition of these pure molecular 

and nuclear states. In other words, the wave function of real water molecules in the 1- state 

contains always an admixture of the 18Ne (I) nuclear wave function. 

The mixing coefficient of this superposition, and thus the nuclear transition probability 

in the H20 molecule, is given by the overlap integral between the «pure» states. Due to the 

proximity of the resonance and threshold energies, intermediate and large distances (in 

nuclear scale) contribute considerably to this integral. As a consequence, the nuclear 

transition probability is enhanced, instead of being suppressed by the usual Coulomb barrier 
factor [6] . 
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The estimate on which this statement rests is based on the following ansatz for the 
wave function of the water molecule, 

_ _ l _ F5; z{11o• 1Cp) -Kp 1M"":.. 
'l'rnol(X)- N 5/ 2 e YIA. (x, YJ· 

mol P 
(1) 

Here we use, instead of the Jacobi variables {.X:Jl of the p + p + 160 system, the set of 

hyperspherical variables X= { p, ro, ~. y}, with p = ~ + i being the hyperradius; and 
ro =arctan y I x, the hyperangle. For the five angles in X, the notation n = { ro, ~. y} will be 
used, and the Coulombic potential of our problem is written in the form V(X) = V(!l) I p. 
By F the regular solutions of the hyperradial SchrOdinger equation are denoted; and by 

· V 

r/!;!C~. y), the eigenfunctions of the total angular momentum operator. Nrnol is a 

normalization f~ctor, and lC- ...J I £moll represents the .momentum ~orresponding to the 

binding energy Ernol of the H20 molecule; 110 = V 012K ·is a kind of Sommerfeld parameter, 

where V 0 is obtained by averaging V(!l) with the angular part of '~'rnol(X). The .ansatz (1) 

takes correctly into account the Coulomb repuslion between the particles at small distances, 
as well as the geometric size of the water molecule. 

For. the description of the 18Ne nuclear resonance state (1-), we use the asymptotic form 
of the Coulombic three-body break-up function normalized to the uclear volume, 

__ l_f1(p, ro) 1M" ":,. 
'~'res(X)- N 5/2 Yn.. (x, YJ, (2) 

res P 
where 

J1(p, ro) = f lx aY exp { iKp- i VJ~) In (2Kp)} r/!;!c~. 9) . (3) 

Here, K- ...fE is the momentum corresponding to the energy E of the outgoing particles 

160+p+ p. 

Within the models (1) and (2) we find for the overlap integral the asymptotic estimate 

I- exp { -~11~} exp {i 11~S}, (4) 

where 11°x= V . I2K is another kind of Sommerfeld parameter, with V . being the rnm rnm 
minimal value of the angular part V(!l) of the total Coulomb potential. The phaseS depends 
on V . and a parameter ~ = K I K. From its definition follows that J: can vary between rnm ~ 

0 ~ ~ ~ ...J'r-
2 
-~·~-e-1 '1 with r

2 
being the width of the 18Ne (1-) level for the decay into the 

p mo p 

p + p + 160 channel. When studying S as a function of~ it turns out that there exists a wide 

subdomain of values of ~ in which S < 0 and I Im S I > ~ . That is, the overlap integral ( 4 ), 

and thus the transition rate 
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W=Kciii 2 (5 ) 

of the process H20 ~ 1 8Ne ( 1 ), increase exponentially with decreasing K (at small energies 

E- K 2) . This is to be contrasted with the usual opposite behaviour of transitions into 
short-ranged (non-resonant) nuclear states. 

The above estimates imply that molecular water in the 1- state has a non-vanishing 

probability to go over into the excited state 1 8Ne ( 1- ). which then will decay either into the 

channel 17F+p+Q
1 

(Q
1

=:0.6 MeV) or into the chain 18Ne(l)~ 18Ne+y+Q2 ~ 
~ 18F + e+ + v (Q

2 
= 4.522 MeV). Unfortunately, the partial widths of these two transitions 

are unknown and, therefore, it is impossible by now to estimate the whole energy release 
in the considered process of «burning» molecular water. 

This work was partly supported by the Scientific Division of NATO, grant No.930102. 
Two of the authors (V .B.B. and A.K.M.) are grateful for financial support to the 
International Science Foundation and Russian Government, grant No.FRB300. 
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AN ANALYSIS OF PION SPECTRA 

OF THE CHARGE-EXCHANGE REACTION Mg (t, 3He) 

F.A.Gareev, K.A.Gridnev1
, A.G.Semtchenkov1

, 

A. V.Pozdniakov2, Yu.L.Ratis3 

We have studied the charge-exchange reaction Mg (t, 3He) by using the 7t_:p-g'-model and 
formalism of effective number. Attempts have been made to find information about the value 
of the (NN- N~)-interaction renormalization in going from vacuum to nucU:i . We obtained a 
good qualitative description of the position of the ~-peak of the theoretical pion full-energy 
spectrum by changing the attributes of the nucleon-nucleon interaction i going from vacuum 
values of effective masses of nucleons, mesons and ~-isobar to nuclei. 

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, 
JINR. 

AHaJIH3 cneKTpos nuouos peaKI.lHH nepe3ap.R.IJ:KH Mg (t, 3He) 

lP.A.FapeeB u op. 

PeaKUHll nepe3apli.!IKH Mg (t, 3He) HJyqanacb B paMKaX 7t-p-g'-Mone.rm" ¢opMaJIH3Ma 3¢­
!f>eKTHBHbiX 'IHCe.n. ohma cne.naHa nonbiTKa nOJI)"'HTb HH!f>OpMaunJO o Be.rJH'IHHe nepeHop­
MHpOBKH (NN - NM-BJaHMO.lleilcTBHll npn nepexone OT BaKYYMa K ll.llepHoil MaTepnn. Bse­
neHHCM ¢aKTopa HJMeHeHHll 3¢¢eKTHBHbiX Mace HYK110HOB, MeJOHOB " ~-nJo6apb1 npn nepe­
xone OT BaKYYMa K ll.llpy DOJI)"'eHO XOpOlllee Ka'ICCTBeHHOC OOHCaHHe OOJIOJKeHHJI OHKa 
TeOpCTH'IeCKOI'O COeKTpa DOJIHOH 3Hepnm Me30HOB. 

Pa6oTa BbiDOJIHeHa B Jla6opaTopnn TeopCTH'IecKoil ¢n3HKH HM . H.H.Iior011J06osa OHRH. 

Interest in the study of the charge-exchange reactions with the ~-isobar excitation is 
connected with attempts to find information about the value of t e (NN- N~)-interaction 

renormalization in going from vacuum to nuclei . The experiment l data analysed and pre­
sented in the review [1] show the differences in masses and widths of the ~-isobars in 
vacuum and nuc:lei . The calculations in the framework of the well-known Nambu- Jona­
Lasinio model [2] and the model of constituent quarks [3] have qualitatively the same 
results. 

The models predict reduction of meson and nucleon masses in the nuclear matter. We 
assume that surpluses of quark-quark interactions in the ~-isobar atisfy the same equations 

1Institute of Physics of St. Petersburg State University, Russia 
2Radium V.G.Khlopin Institute, St. Petersburg, Russia 
3Samara State Aerospace University, Russia 
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• M* M* M* 
A. = !1._ = __2_ = ___.!E_ = ~ 

M MP Mro Mil' 

where M* and Mare masses of nucleons, mesons and fl-isobars in the nuclear matter and 
vacuum, respectively. 

In this note, we try to qualitatively describe pion spectra of the charge-exchange reac­

tion Mg (t, 3He) on the assumption of the influence of the nuclear matter. The 1t- and 
p-meson diagrams were taken into account. The experimental data have been obtained in 
the GIBS experiment [4] at the beam momentum 9.15 GeV/c and angle 0°. 

We use the manner [5,6] that is based on the 1t-p-g'-model and the formalism of 
effective numbers. The inclusive cross section of the charge-exchange reaction on nuclei is 

dcr[
24

Mg {t, 
3
He)t>., X] • dcr(n + n ~ P + fll I 

-----=-=-:=----"-- - 3 * N F(t) * , 
dO. dE - eff dO. dE free 

dcr(n+n~p+tl-) I . . 
where dO. dE ts the cross sectton of the elementary process on the free 

free 

nucleon, and F(t) is the form factor. 

Calculations have been done for the (11t-, Op)-topology when only 1t--mesons were 
among the products of the reaction. The unperiphery's degree of the process (the influence 

~ 
\.._ 

28 

(j) 2 4 
~ 
> 
(j) 20 

0 
~ 
D 16 
E ......__... 

w 
v 

1 2 

c 8 
v 
~ 
b 4 

v 

GJ 

OGOOEJ -*--­+++++ -
X X H---*-K -

~-

t:l~ 1 232) N~938l t:l 986~ N 750 
t:l 862 N 657 
t:l 739 N 536 
experimental data 
n( 139) 
p(765) 

t ~t + t(24Mg)'He 

X ~t~Q.~ 
~ -~~'$ ..,.___ . . 

0-- ly I 

0 1 
I I I I I ~ >< 

• I 1 1 

0 .2 0.3 0 .4 
Err ( GeV) 

0.5 0.6 

Fig. I. Theoretical spectra of full energy of pions in the topology (17t-, Op) at 
different values o f the effective masses of the nucleon and b.-isobar nor­

malized to the maximum of the experimental spectrum 
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of the nuclear matter) was taken into account by the A.(p)-parameter. This parameter des­
cribes reducing the effective mass of the nucleons, p-mesons and d-isobars inside nuclei: 

We have calculated the energy spectra of pions with the set of values of A.(p): 1, 0.9, 0.8, 
0.7, 0.6. 

The main results of calculations are shown in Figs.1 and 2. 

Figure 1 shows the data of theoretical and experimental energy spectra of pions for the 

(11t7 , Op)-topology. We did not change the p-meson mass in thes calculations. It has a 
vacuum value. All theoretical spectra were normalized to the maximum of the experimental 
spectrum. The analysis of spectra shows that the experimental spectrum has the peak at 
200 MeV. The theoretical spectrum using the vacuum effective mass of the nucleon, p­
meson and d-isobar has the peak at 300 MeV. We us~ the param~ter A. reducing the 
effective masses of the nucleon, p-meson and d-isobar thus shifting the theoretical peak 
towards zero. The theoretical and experimental spectra have the same position ot" the peaks 
when the parameter is equal to .A. = 0.7. This fact means that the effective masses of the 

nucleons and d-isobar in the nuclear matter can be estimated as: M • = 0.7M and M; = 
= 0. 7 M tJ." The results of our calculations agree with the data in [2,3). 

,...--.... 
\._ 

1 2 

~ 10 
> 
Q) 

C) 8 
~ 
_o 

E 6 .....___.,.. 

w 
""0 4 
c 
""0 

~2 
b 

""0 

pl7 65 p 690 
p 6 12 
p 536 
p 459 

6~1 232 ) 
N 9 38) 
1T 139) 

0~~~~~~~~~~ 
0 .1 0.2 0.3 0.4 

En ( GeV) 
0.5 0 .6 

Fig.2. Theoretical spectra of full en~rgy of pions in the topology 

(l7t- , Op) at different values of the effective masses of the p-meson 
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We also studied the influence of the effective mass of the p-meson on the energy 

spectra of mesons in the ( l 7t-, Op)-topology (Fig.2) . The calculations show that the reducing 
of the effective mass of the p-meson from vacuum value to nuclear matter value by using 
factor A.(p) results in contraction and some shift of the peaks towards lower energies. In all 
the calculations the vacuum value of the 7t-meson M1t = 139 MeV has been used. 

So, we obtained a good quality description of the position of the ~-peaks of the theo­
retical pion full-energy spectrum by reducing the attributes of the nucleon-nucleon inter­
action in going from the vacuum effective mass values of nucleons, mesons and ~-isobar 
to the nuclear values. This was predicated in the chiral theories . 

This work was supported by Grant of the Foundation for Fundamental Research, St. 
Petersburg. 
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SIMULATION OF e+e- PAIR PRODUCTION 
AND DETECTION IN THE ALICE EXPERIMENT 

B. V.Batyunya, N. V.Slavin 

Simulation of e+e- pair production in PbPb interactions at LHC energy and of registration 

in the ALICE detector has been done. An. influence of external y-conversions on e + e- combi­
natorial background is studied. Some details for selection cuts to improve the signal-to-back­
ground ratio are considered. 

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

+ ­Mo.l{eJIHpoaauue poQeHHJI u .l{eTeKTnpoaauHJI e e -nap 
a ucnepuMeme ALICE 

Ii.B.IiamJOH.Jl, H.B.Clla8uH 

npoueaeHO MO)le.nHpOBaHHe poJKlleHHll e + e--nap B PbPb~BJaHMO)leHCTBHliX npH 3HepmH 
LHC n pemcrpaunn nx u ae-reKTope ycTaHOBKH ALICE. HJyqeHo MHli HHe BHewHeu raMMa­
KOHuepcnn Ha e+e- KOM6HHaTOpHbiH tiJoH. PaCCMOTpeHbl HeKOTOpble lleTaJIH Bbl6opa KpHTe­
pHeB, YJiy<IW310UlHX OTHOWeHHe CH!llaJJ-tiJoH. 

Pa6oTa BhlnOJJHeHa u Jla6oparopnn Bb!COKHX 3Hepmu OIUIH. 

1. Introduction . 

The important role of leptonic pair investigations in heavy ion collisions is discussed 
elsewhere. This possibility was considered also for the ALICE experiment and special 
Monte Carlo study has been done [1] to decide some problems for a selection of the vector 

meson decays to e + e- final states. The most problem is the high combinatorial background 
which relates to the Dalitz decays or external y-conversions and is essentially proportional 

to the square of number of e + e- pairs. This difficulty is made worse by an impossibility to 
recognize and remove a large part of Dalitz decays and y-conversions because of a loss of 

e + or e- from the decay pairs (as a consequence of the detector acceptance, tracking 
efficiency and particle identification). 

In this paper we studied particularly an influence of the xtemal conversions, since 
only some suppositions about ones have been discussed in the ALICE Lol [1] . Besides, we 
present some details for the selection cuts which were used in order to improve the signal­
to-b~ckground ratio (S/ B). 
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2. Rates of the y-C onversions 

To obtain a rate of y-conversions, we used the GEANT-based program [2] for 
simulation of the ITS (Inner Tracking System) of the ALICE. Also, the HIJING code [3] 
has been chosen to generate an event of PbPb central collision at an energy of 6.3 A TeV. 
The event contained 79000 particles and gammas in all phase space, with charge particle 
density of dNI dy:::::: 5000 at y = 0. We cutted charge particle momenta from p ~ 0.03GeV/c 

and found 11122 y and e +1 e- (54 e + e- pairs) from the primary vertex of an interaction in 
the ITS rapidity region of - 1 ~ y ~ 1. 

The ITS simulation package [2] contains geometry decks with five cylindrical silicon 
detectors (silicon layers of 300 Jlm thickness, a mechanical supporting system and a cooling 
system). Besides, the beam-pipe has been put to the GEANT geometry (Be, a radius of 
4 em, a thickness of 0.2 em, a radiation length of 0.56% of XO). By requiring a hit at the 
nearest position from the primary vertex, photon conversions were restricted to the beam­
pipe and the first silicon detector (pixels). We note, that the radiation length of the pixel 
detector has been taken equal to 0 .52% of XO (0.32% for the silicon and 0.2% for the 
electronics) because a gas coolant and the beam-pipe as a support are assumed in this case. 

The e +I e--tracks at a momentum of p ~ 0.03 Ge V /c were selected as above. 

The simulation result for numbers of the conversions is presented in Table 1. One can 

see from this that the e +I e- conversion number ( 10 I) is near the same as one produced in 
the primary vertex. But, of course, a large rate of conversions can be recognized by the 
following signs: 

• a secondary vertex (conversion point) of the e + e- pair, 

• a non-zero impact parameter of the single track, 
• a double pulse-heigt of the hit as a consequence of double dEl dx for close pairs 

which do not open up in the weak field (0.2 T). 

The most problem for the first and second signs is a very high charge particle space 
density near the vertex . A rate of the recognized conversions depends on the track reconst­
ruction algorithm and may be assumed reasonably of (60 + 80)%. We found also that a 

mean distance between e + and e- is near I mm at the first silicon layer, when a photon 
converts inside the beam-pipe. It means that the third sign (double dEl dx) is realized only 
when the conversion point is inside the first silicon layer (:::::: 50% of the conversions) . We 
note that an additional difficulty of such a method is also an existence of only one hit-point 

with a double pulse-height for a e+(el-track. According to Table I, 10+20 conversion 

pairs remain unrecognized, (20 + 40)% from the amount of 54 e + e - -pairs produced in 
primary vertex. 

Table I. The conversion number from the simulation 

y.conversion pairs Single e + from conversion pairs Single e- from conversion pairs 

33 17 18 
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3. Simulation of e+e- Pair Production 

Next we used the SHAKER code [4] to generate production and e+e- mode decays 

(two-and-three-body decays) of the 1t
0

, T\. p0
, co, cp, 11 <p and Drell-Y an pairs in central PbPb 

collision at 6.3 A TeV. The particle numbers and ratios and the weights for particle pT-

distributions were taken just the same as in Refs. [1,5]. Also, the s~cial parametrizations 
[ 1] of tracking efficiency and pion rejection have been put for the detector simulation (it 
should be noted that more realistic parametrizations are now under study). The rapidity 
region, -1 ~ y ~ 1, was considered. 

Additional Dalitz pairs have been generated instead of y-conversions, since an absence 
of a special conversion generator in the SHAKER code. To justify spch a simplification, we 
emphasize ~ very small difference between transverse momentum spectra (at p ~ 0.03 
GeV/c) of the conversions ((p~ ~ 0.126 GeV/c) and Dalitz p irs ((pT) ~ 0.130 GeV/c). . . 
Besides, a zero effective mass and very small angle between e + and e- have been imitated 
for the conversion pairs at the step of cut-1 (see below), because of important ro~e of these 
characteristics for the background rejection. The rates of the co versions were taken from 
the simulation described in Section 2. We added 10 and 20 conversion pairs per event (to 
the 52 Dalitz ones) for an oprimistic and pessimistic versions, repectively. 

4. Results of the SHAKER Simulation 

As a result of the SHAKER simulation (100 K events), the S/ B values are presented in 
Tables 2 and 3 for three different variants: 

• without the conversion e + e- pairs, 

• with 10 conversions per event (in addition to 52 Dalitz pairs), 

• with 20 conversions per event. 

Table 2. Results of the SHAKER simulation for the p0
, ro region of m .. 

SIB s 

Atm .. of Atm .. of Atm .. of At m,, of 

070 + 0.84 GeV/c2 0.76 + 0.84 GeV/c2 0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 

No conversions 0.0018 0.0058 1433 1100 

10 conversions 0.0013 0.0036 1433 1010 
per event 

20 conversions 0.0010 0.0027 1403 1010 
per event 
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Table 3. Results of the SHAKER simulation for the q, region of m u 

No conversions 

I 0 conversions 
per event 

20 conversions 
per event 

SIB 

At m of u 

0.95 + 1.10 GeV/c2 

0.0021 

0.00 16 

0.0012 

s 

At m_. of I At m_. of I At m_. of 

1.00 + 1.04 GeV/c2 0.95 + 1.10 GeV/c2 1.00 + 1.04 GeV/c2 

0.0073 530 490 

0.0054 534 485 

0.0040 537 492 

Table 4. The same as In Table 2 (for 20 conversions) with the cuts I + 4 (see text) 

SIB s 

Cuts I Atm u of Atm •• of Atm .. of At m,, of 

0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 

I 0.005 0.0015 350 246 

2 0.008 0.0021 133 97 

3 0.004 0.0109 59 42 

4 0.059 0.158 55 42 

Table 5. The same as in Table 3 (for 20 conversions) with the cuts I + 4 (see text) 

SIB s 

Cuts I At m,, of At m_. of At m,, of At m,, of 

0.95 + 1.10 GeV/c 2 1.00 + 1.04 Ge V /c2 0.95 + 1.10 GeV/c2 1.00 + 1.04 Ge V /c2 

I 0.006 0.022 145 132 

2 0.008 0.028 67 62 

3 0.020 0.069 40 37 

4 0.038 0.132 31 29 



Batyunya B. V., Slavin N. V. Simulation of e + e- Pair Production 17 

The numbers of e+e- pairs from p0
-, (1}- and ~resonances (S) are shown also. All results 

are presented for different regions of e+e- effective mass (m ) nd after the cuts for the 
ee 

tracking efficiency and pion rejection [1] and for an acceptance restriction (9 = 90° ± 40°). 
One can see from Tables 2 and 3 that ratios are too small and an influence of the 

conversions is significant enough. In order to improve the S/ B r tio we applied a number 

of successive cuts (step by step) for the e+e- effective mass and some kinematic variables . 

of kinematic e+ and e- from the e+e--pairs. First of all, the cuts from the Lol [1] have been 
used. An order of the' cuts is following: 

1. All e + and e- forming pairs of m :5: 100 MeV /c2 are discarded if the opening angle 
ee 

between the e + and e- is less than 26° (cos (9) ~ 0.9). 

2. All e + and e- with the m :5: 150 MeV /c2 are removed from 'the next step. 
ee 

3. In the next step, we remove e + and e- which are outside the fiducial area of 
90° ± 40° or have a pT below 450 MeV /c. 

4. Finally, we form the invariant mass of all pairs with p.fpair) ~ 1 GeV/c . . 

The results of the cuts 1 + 4 are shown in Tables 4 and 5 for the 100 K SHAKER 
events with 20 conversions (per event). 

Table 6. The S/ B values after the cut 3 (see text) at the PT cut of 600 MeV/c 

Atm .. of Atm .. of At m_. of At m_. of 

0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 0.95 + 1.10 GeV/c2 1.00 + 1.04 GeV/c2 

No conversions 0.18 0.42 0.08 0.30 

I 0 conversions 0.13 0.40 0.07 0.32 
per event 

20 conversions 0.10 0.29 0.05 0.17 
per event 

Table 7. The same as in Table 6 at the pT cut of 750 MeV/c 

At m_. of At m_. of At m_. of At m_. of 

0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 0.95 + 1.10 GeV/c2 1.00 + 1.04 GeV/c2 

No conversions 0.36 0.96 0.2 0.77 

I 0 con versions 0.27 0.77 0.13 0.51 
per event 

20 conversions 0.24 0.64 0.11 0.40 
per event 
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Table 8. The same as in Table 2 with the optimized cuts (see text) 

SIB s 

At mu of Atm-. of Atm-. of At m,, of 

0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 0.70 + 0.84 GeV/c2 0.76 + 0.80 GeV/c2 

I 0 conversions 0.26 0.69 45 33 
per event 

20 conversions 0 21 0.60 39 30 
per event 

20 conversions 0 18 0.51 1168 865 
per event 

for 3 x I 06 events 

Table 9. The same as in Table 3 with the oprimized cuts (see text) 

SIB s 

At m of Atm .. of Atm of At m,, of u •• 
0.95 + 1.10 GeV/c2 1.00 + 1.04 GeV/c2 0.95 + 1.10 GeV/c2 1.00 + 1.04 Ge V /c2 

I 0 conversions 0.13 0.41 27 25 

20 conversions 0.10 0.31 25 23 
per event 

20 conversions 0.10 0.34 744 691 
per event 

for 3 x I 06 events 

It is seen from Tables 4 and 5 that the cuts I and 3 are the most effective ones (the 
S/ B increases by a factor of 5 + 6) and cuts 2 and 4 rather weakly affect the S/ B value but, 
however, cut 2 decreases near 2 + 2.5 times the resonance numbers. Next we checked punc­
tually the optimization of cuts I + 4. We found that cut I is optimized enough, however, 
because of combinatorial effect an amount of 0.3% of Dalitz pairs remains only after this 

cut action and practically single _e+ and e- come to the next step (cut 2). This is a main 
reason of the low efficiency of cut 2, and the situation is not improved by a change of the 

limit near the value of 150 MeV/c2
. Further it was found that the S/ B ratio is very sensitive 

to the limit in cut 3. This effect is seen from Tables 6 and 7, where the S/ B values are 
presented after an action of cut 3 at the Pr limit of 600 MeV/c and 750 MeV/c, respectively, 

and for different numbers of the conversion e+e- pairs. 
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The rise of the Pr limit from 

450 MeV/c up to 750 MeV/c increases 
the S/ B ratio by a factor of 5 + 7. But, 
it should be noted that the resonance 
numbers decrease near two times. We 
note also that cut 4 does not practi­
cally change the S/ B values in this 
case. To optimize the S/ B ratios and 
resonance numbers cuts 2 and 4 have 
been removed and the Pr limit (in 

cut 3), equal to 750 MeV/c, has been 
chosen. The final results for the opti­
mized cuts are shown in Tables 8 and 

9 for 105 events and 3 x 106 events 
(for 20 conversions). 

Figure 1 shows the effective mass 

distribution of pairs e + e- (from reso­
nances and background) at the opti-

mized cuts for 3 x 106 events. Figure 2 

shows the contribution, where both e + 

and e- come from one resonance (p0
, 

ro, q,). The results of the fits (Gaus­
sian - for the resonances and expo­
nential - for the background) are 
shown as well. 

Table 10 presents extrapolated 
values of S and S!..fii (the signifi-

cance) to the amount of 5 x 107 

events. 

Table 10. Extrapolated values 
of Sand S!..fii (siginficance) 

to the ru,tount of 5 x 107 events 

s s;..fii 

Atm .. 14420 85 

of 0.76 + 0.80 GeV/c2 

Atm .. 11520 63 

of 1.00 + 1.04 GeV/c2 
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Fig.l. Effective mass distribution of e + e- pairs from the 

p0
, ro, cp resonances and background at the optimized cuts 

(see text). The curves are the results of fits: Gaussian -
for the resonances and exponential - for the background 
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Fig.2. Effective mass distribution of pairs where both e + 

and e- come from one of the resonances (p0, ro or cp). The 
curves are the results of G ussian fits 
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5. Conclusion 

The results presented in this paper show that the external y-conversion decreases the 
signal-to-background ratio (S/ B) by a factor of 1,5 + 2 for the ro and 4> resonances. But, on 
the other hand, the optimization of the selection cuts allows one to increase S/ B value by 
factors of 5 + 6. Finally, we obtained the signal-to-background ratio of Sf B ~ 0.5 and 0.3 
for ro and 4> mesons, respectively, at the oprimized selection cuts. 
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KPAEBhiE 3«D«DEKThl B MHOrOllPOBOJIQqHhiX 
llPOllOPU:IIOHAJihHhiX KAMEPAX 

M.J(.mafjJpanos 

TipHMeHSIBUJHeCSI ,!10 CHX nop MeTO,llbl paC'IeTa nomiii H noTeHUHanOB B pa6o'!eM ofueMe 
MHOronpOBOJIO'IHbiX nponOpUHOHanbHbiX KaMep (MTITIK) BbinOJIHeHbl B upe,nnOJIOJKeHHH, 'ITO 
CHillanbHble npOBOJIO'IKH KaMepbl He OrpaHH'IeHbl KaK no 'IHCJIY, TaK H nO .liJIHHe. TIO 3TOH 
npH'IHHe ,naHHble 0 KpaeBbiX s!jl4>eKTax 3THX KaMep He MOrJIH 6b1Tb nOJI)"'eHbl. B HaCTOiiUJeH 
pa6oTe Ha OCHOBe cneuHanbHO pll3paOOTaHHOI'O MeTO,na KbMnbiOTepHOI'O MO,lleJIHpoBaHHSI Bnep­
Bble nOJI)"'eHbl 3JieKTPH'IeCKHe xapaKTepHCTHKH nJiaHapHbiX MTITIK KOHe'!HblX pa:JMepoB, B 
TOM 'IHCJie Ha Kpai!X KaMep. PaC'IeTbl n03BOJIHJIH Onpe,nenHTb OOJiaCTb KaMepbl, B KOTOpDll 
KpaeBble 3!jl!jleKTbl HrpaiOT 3aMeTHYIO ponb. 

Pa6oTa BbinOJIHeHa B Jia6opaTOpHH csepxBbiCOKHX 3Heprnii 01151H. 

Edge Effects in Multiwire Proportional Chambers 

M.D.Shafranov 

Earlier, the methods to calculate the fields and potentials in the working volume of 
multiwire proportional chambers (MWPC) have been used supposin the number of the sense 
wires and their length to be unlimited. That is why the data on the edge effects of these 
chambers could not be obtained. This work shows the electric featu res of the planar MWPC 
of the limit sizes including the chamber edges, received with a specially developed method 
of computer modelling. The calculations allowed one to determine the chamber parts where 
the edge effects are significant. 

The investigation has been performed at the Laboratory of Particle Physics, JINR. 

1. BseJJ.eHHe 

.[{OCTJ.I:lKeHHSI COBpeMeHHOH ¢H3HKH BbiCOKHX ::mepmH H :m eMeHTapHbiX 'laCTHU 06S!Ja­

Hbl ycnexaM B pa3BHTHH MeTOJ].OB SKCnepHMeHTa, CBS!JaHHbiX B n epByiO O'lepeJJ.b C HCnOnbJO­

BaHHeM nOJHUHOHHO-'IYBCTBHTenbHbiX, HnH KOOpAHHaTHbiX, J].eTeKTOpOB. B Ka'!eCTBe OCHOB­

HbiX KOOpJJ.HJ-laTHbiX J].eTeKTOpOB B SKCnepHMeHTanbHOH ¢H3HKe sneMeHTapHbiX 'laCTHU CBbl­

llle 'leTBepTH BeKa ·npHMeHSI!OTCSI MHOronpOBOnO'IHbie nponopu OHanbHbie KaMepbl (MTITIK) 

[1-3]. MHoronposono'IHbie KaMepbi, npwMeHS!eMhie KaK JJ.eTeKTOpbi JapS!:lKeHHbiX 'laCTHU, 

ycnelllHO HCflOnh3YIQTCSI H AnSI pernCTpauHH HeHTpanbHbiX aCTHU (4]. <l>yHKUHeH KO­

OpAHHaTHOf'O J].eTeKTOpa S!BnS!eTCSI npeo6pa30BaHHe HOHHJaUHOIIHOro s¢¢eKTa, COJJ].aBaeMO­

ro JapS!:lKeHHOH 1-IaCTHUeH, npOXOJ].SilUeH qepe3 aKTHBHYIO cpeJJ.y J].eTeKTOpa, B sneKTpH'IeCKHH 

cwrnan. Tpe6oBaHHe K JJ.eTeKTopy - MaKC.HManbHO BOJMO:lKHaSI s¢¢eKTHBHOCTb w 

MHHHManbHbie OlllH6KH B nonyqaeMOH npOCTpaHCTBeHHOH H Bp eMeHHOH HH¢0pMaUHH. 
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OcHOBHbiMJ.I cocTaBH biMJ.I 3neMeHTaMJ.I MnnK 51BmiiOTC51 MexaHJ.I4eCKa51 cTpyKTypa, 

3JieKTPO.D:Ha51 CJ.ICTeMa J.1 r aJOBOe HanonHeHJ.Ie. 3neKTpO.D:Ha51 CJ.ICTeMa COCTOJ.IT J.l3 .D:BYX 

napannenbHbiX KaTO.D:HbiX n nocKOCTei-i, pacnonoJKeHHbiX Ha paccT051HJ.IJ.I 21. MeJK.D:y KaTo.n:­

HbiMJ.I nnOCKOCT51MJ.I 3KBJ.IJlJ.ICTaHTHO pa3MellleHbl CJ.IrHaJibHbie npOBOJI04KJ.I, HaXOJl5llllJ.IeC51 Ha 

paccT051HJ.IJ.I s .n:pyr oT .n:pyr a. 3neKTpOJlHa51 CJ.ICTeMa o6ecne4J.IBaeT .n:pei-icp nepBH4HbiX 3JieK­

TpoHOB, C03JlaBaeMbiX JleTe KTHpyeMOH 4aCTJ.IUeH Ja C4eT J.IOHJ.IJaUJ.IJ.I, J.l pa60TY MeXaHJ.IJMa 

raJOBOro ycJ.IneHJ.I51 B OKpeCTHOCTJ.I KOHKpeTHOH CJ.IrHanbHOH (aHOJlHOH) npOBOJI04KJ.I KaMe­

pbi. B OKpecTHOCTb cHrHanbHOi-i nposon04KJ.I HJ-Ja CTPYKTYPbi 3neKTpH4ecKoro nonS! MOJYf 

nonaCTb nepBH4Hbie 3JieKTpOHbl J.IOHJ.IJaUJ.IJ.I TOJibKO J.l3 orpaHJ.I4eHHOro npOCTpaHCTBa, 

n03TOMY 3JieKTpJ.I4eCKJ.IH CJ.I rHan HeCeT J.l KOOpJlHHaTHYIO npOCTpaHCTBeHHYJO HHcpOpMaUJ.IIO. 

nepBbie J.ICCne.n:osaHJ.ISI nnaHapHbiX MnnK J.l J.IX 3KcnnyaTaUJ.I51 noKaJana, 'ITO c 

yBenJ.I4eHJ.IeM Ha KaMepe p a604J.IX Hanp51JKeHJ.IH pacTeT l{J.ICJIO lllYMOBbiX J.IMnyJibCOB Ha 

KpaHHJ.IX npOBOJI04KaX, B03MOJKHO J.l n051BJieHJ.Ie J.ICKpOBbiX pa3p51Jl08. lJT06bJ CBeCTJ.I TaKJ.Ie 

51BneHJ.I51 K MJ.IHJ.IMYMY• 6 biJIJ.I pa3pa60TaHbl pa3nJ.I4Hbie Mepbl, HanpHMep, npHMeHeHJ.Ie 

OXpaHHbiX paMOK, nOCTeneHHOe yBeJIJ.I4eHJ.Ie JlJ.IaMeTpOB HeCKOJibKJ.IX KpaHHJ.IX npOBOJI04eK 

K Kpa51M KaMepbi. B HeKOTOpbiX CJIY4aSIX npHMeH51Jlacb J.IJOJI51UJ.I51 Kpai-iHJ.IX nposono4eK, 

KOTOpbie scne.n:cTBJ.Ie 3Toro npHo6peTanH nnasaiOmHi-i noTeHuHan [5]. 

obiJIJ.I npose.n:eHbi pac4eTbi KOHcpHrypau"" 3neKTpH4eCKJ.IX nonei-i s nnaHapHbiX MnnK. 

0HJ.I BbinOJIHeHbl B npeJlnOJIOJKeHJ.IJ.I, 'ITO KaMepbl He orpaHJ.I4eHbl KaK no 4J.ICJIY CJ.IrHaJibHbiX 

nposono4eK, TaK " no CB OJ.IM paJMepaM s.n:onb CJ.IrHanbHbiX nposoJio4eK [6]. Pac4eTbi 

CbirpanH BaJKHYIO ponb B n OHJ.IMaHJ.IJ.I TOrO cpaKTa, 'ITO Ka)J(.lla51 npOBOJI04Ka KaMepbl pa6oTa­

eT KaK HeJaBJ.ICJ.IMbiH C4eT4 J.I K. 3TJ.I JKe pac4eTbl nOKaJaJIJ.I, KaK J.IJMeHeHJ.Ie JlJ.IaMeTpa OJlHOH 

J.l3 npOBOJI04eK, CMellleHJ.Ie npOBOJI04KJ.I BJIJ.I51eT Ha cpH3J.I4eCKJ.Ie xapaKTepHCTJ.IKJ.I KaMep. 

0HJ.I nOJBOJIJ.IJIJ.I OUeHJ.ITb He 06.XOJlJ.IMbie MeXaHJ.I4eCKJ.Ie JlOnycKJ.I npH J.IJrOTOBJieHJ.IJ.I KaMep. 

BMeCTe C TeM TaKJ.Ie pac4eTbl (6-8) B npHHUJ.Ine He MOJYf JlaTb HHcpOpMaUJ.IJ.I 0 KpaeBbiX 

3cpcpeKTax. Ha 3TO 6biJIO y KaJaHo eme B [9] . K KpaeBbiM 3cpcpeKTaM OTHOCJ.ITC51 HJMeHeHHe 

BeJIJ.Il{J.IHbl J.l KOHcpHrypaJ.lJ.I J.I 3JieKTpH4eCKOrO nOJI51 Ha Kpa51X 3JieKTpO.li.OB, o6pa3YJ0lllJ.IX Ka­

TO.ll. KaMepbl, KaK B)!.OJib Kpa HHJ.IX npOBOJI04eK KaMepbl, TaK J.1 Ha KOHUaX BCeX CJ.IrHaJibHbiX 

npoBOJIOI{e~ . KoHcpHrypaUJ.I51 J.l BeflJ.I4J.IHa 3Jie~TpH4eCKJ.IX ronei-i Ha KP,a51X KaMepbl, no cpaB­

HeHJ.IIO C TeM, 'ITO J.IMeeT MeCTO B UeHTpanbHOH o6naCTJ.I, CB513aHbl C )!.J.I3JieKTpH4eCKJ.IMJ.I 

csoi-icTBaMJ.I MexaHH4eCKJ.IX CTPYKTYP KaMepbi. K TaKJ.IM MexaHH4eCKJ.IM CTPYKTYPaM OTHO­

C51TC51 )!.J.I3JieKTpH4ecKHe p aMKJ.I. HaH60nbwHe J.IJMeHeHH51 3neKTpH4eCKoro nonS! s.nonb 

Kpai-iHJ.IX npOBOJI04eK CB513a Hbl C yBeJIJ.I4eHJ.IeM eMKOCTJ.I npOBOJI04eK B yKaJaHHbiX Bblllle 

o6nacT51X pa6o4ero o6beMa KaMepbi. 3To yTBepJK.D:eHHe 6y.neT no.n:TBepJK.D:eHo peJynbTaTaMJ.I 

MO)!.eJIHpOBaHJ.I51 , npHBe)!.eHH biMJ.I HHJKe. 

Mo.nenHpoBaHJ.Ie Bbmon HeHo no cneuHanbHO pa3pa6oTaHHOMY M51 .naHHoro cny4a51 an­

ropHTMy. 0H OCHOBaH Ha MeTOJle J.l306paJKeHHH, J.IJIJ.I T04Hee, Ha MeTO)!.e peweHJ.IH 3a)l.a4 

3JieKTpocTaTHKH no rpaHH4 HbiM ycnOBJ.151M [I 0] . PaccMoTpHM HeKoTopbie peJynbTaTbi KOM­

nbiOTepHorq MOJlenHpOBaHJ.I51 3JieKTpJ.I4eCKJ.IX npnej.j J.1 noTe,HUJ.IaJIOB npOnOpUJ.IOHaJI,bHOH Ka­

Mepbl KOHe4HbiX pa3MepOB C ozpaHU~eHHbl.M ~UCJIOM GHOOHbiX np080JIO~eK. 

' 
OfueKTOM Mo.nenHposaH J.I51 cnyJKHna MHoronpoBOJI04Ha51 nponopuHoHanbHa51 KaMepa, 

o6paJoBaHHa51 J.IJ npoBOJl04 eK .nHaMeTpoM 20 MKM. PaccT051HJ.Ie l MeJK.D:y nnocKOCTbiO 

CJ.IrHaJibHbiX npOBOJI04eK J.l K aTOJlOM COCTaBJI51JIO 8 MM, a paCCT051HJ.Ie MeJK.D:y npOBOJI04KaMJ.I 

(war HaMOTKH) s . 6biJIQ p asHo 2 MM. Pa604a51, nnoma.nb ~aMepbi J.IJ 83 npoBono4eK 
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PHc.l . PaJHOCTb noTeHUHa.riOB U npoaono'lKa-KaTO.ll B JaBHCHMOCTH OT 

nono)l(eHHJI npoaono'IKH. llHHeHHbie nnOTHOCTH JapliJlOB acex npoaono­

'leK O.llHHaKOBbl. JJ:HaMerpbl BCeX llpDBOnO'leK O.llHHaKOBbl H aBHbl 20 MKM. 

X = 0 COOTBeTCTByer UeHTpy KaMepbl 

Q 

1.6r---r-------+-------+------_,--------r.--4 

1.51----t---+------t-----+------t--"1 

1.41----t----+----t----t----+----1 

1.31----t----+----t----t----+----1 

1.21----+----+----t----t----+----1 

1 . 1r---1---------r--------+--------+-------~·,_ __ _, 
• ••• 1~~----~----~--~~~~,_~ 

0.9 L----l. ___ ....l-___ .....__ __ --L. ___ _.____. 

0 20 40 60 80 

X 

· PHc.2 . BenH'lHHa Japll.lla Q Ha npoaono'lKe B 3aBHCHMOCTH OT ee nono­

)l(eHHJI. PaJHOCTb noTeHUHanoa npoaono'lKa - KaTon .llHHaKoaa .llflll 

BCeX npOBOflO'leK. JJ:HaMeTpbl BCeX 83 npOBOflO'leK O.llHHaKOBbl 

23 

= 160 x 160 MM . BeJIH'lHHbi s H l Bbi6paHbi TaK, 'lT06bi 6bina B03 O)I(HOCTb cpaBHHTb xapaK­

TepHCTHKH 3TOH KaMepbl C xapaKTepHCTHKaMH ~aMep, He OrpaHHtleHHbiX no CBOHM pa3Me­

paM [6,11]. 
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CMo.o.enwpyeM CaMbiH npocToi1 CJI)"'aH, Kor.o.a Jap;u)bl ocex npooo;wr.teK oouHaKOBbt. 
Onpe.o.enHM pa3HOCTb noTe HUHaJI08 npoMe)I(YTKa KaTOJ.J.Hrui nnocKOCTb - CHrHaJibHrui npo-

80JI0'1Ka JJ.JISI Ka)I(JJ.OH npo 80JIO'IKH KaMepbi. PeJynbTaT paclJeTa npe.o.cTa8JieH Ha pHc.1. 

CwCTeMa KOOp.D.HHaT 8bi6pa Ha cne.o.yiOIUHM o6pa3oM : OCb OX Jie)I(HT 8 nnocKOCTH npo8ono­

lJeK H nepneHJ.J.HKYJISipHa HM , KOOp.D.HHaTa X= 0 COOT8eTCT8yeT UeHTpy KaMepbl, '1epe3 KOTO­

pbiH npoxo.o.HT ueHTpanbHrui np080JIO'IKa. Bw.o.Ho, 'ITO '!eM 6JIH)I(e K o.o.HoMy H3 Kpae8 KaMe­

phi, TeM MeHbWe OTHOCHTeJibHrui pa3HOCTb noTeHUHaJI08 npoMe)I(YTKa np080JIO'IKa - KaTOJ.I. . 

,lLriSI KpaHHHX np080JIO'IeK OHa pe3KO na,uaeT, J.J.OXOJ.I.SI .0.0 70% OT 3HalJeHHSI 8 UeHTpaJibHOH 

06JiaCTH KaMepbi. C <J>H3HlJeCKOH TO'IKH 3peHHSI HHTepnpeTaUHSI nOJI)"'eHHOrO pe3yJibTaTa 

J.J.080JlbHO npOCTa. BcnOM HHM COOTHOWeHHe Me)I(J.I.y 3apSIJ.J.OM Ha np080.0.HHKe q, ero 

noTeHUHaJIOM V H 3JieKTpOeMKOCTbiO C: q = CV. l13 3TOro COOTHOWeHHSI CJie.o.yeT, 'ITO npH 

paseHCT8e 3apSIJ.I.08 np080JIO'IeK Me)I(J.I.y C060H yMeHbWeHHe nOTeHUHaJI08 KpaHHHX np080-

JIO'IeK C8SI3aHo TOJibKO c yoeJZur.teHueM eMKocmu KpaHHJ!X npo80JIO'IeK. Y8eJIH'IeHHe 

eMKOCTH KpaHHHX np080JIO'IeK npH80J.I.HT K poCTy HX 3apSIJ.J.a, K ycHJieHHIO 3JieKTpH'IeCKOrO 

nOJISI 8 OKpeCTHOCTH 3THX np080JIO'IeK, OTCIOJ.J.a 803MO)I(Hble He)l(eJiaTeJibHbie nOCJieJ.J.CT8HSI 

ycHJieHHSI nonS!. OrpaHH'IeHHSI .o.HanaJoHa pa6o'IHX HanpSI)I(eHHH Ha KaMepe JJ.JISI yMeHb­

weHHSI pOJIH Kpae8biX 3<J>cpeKT08 3K8H8aJieHTHO COKpaiUeHHIO 06JiaCTH nJiaTO no HanpSI­

)I(eHHIO . 

3HalJeHHSI eMKOCTeH n p 080JIO'IeK MO)I(HO HaHTH, 8binOJIHH8 8bllJHCJieHHSI 8eJIH'IHH JapSI­

.0.08 Ka)I(J.I.OH npo80JIO'IKH TaK , 'IT06bi pa3HOCTb noTeHUHaJI08 U(i) Me)I(J.I.y n106oi1 i-ii npo8o­

JIO'IKOH H KaTOJ.J.HOH nJIOCKOCTbiO 6bma nOCTOSIHHa, 'ITO H COOT8eTCT8yeT HOpMaJibHOMY 

pa6olJeMy pe)I(HMY KaMepbi. PeJyJibTaTbi 8bi'IHCJieHHH 8eJIH'IHH 3apSIJ.J.08 npH TO'IHOCTH 

8bi'IHCJieHHH U(i) = 1,0 ± 0 ,000002 npe.ucTaBJieHbi Ha pHc .2 . 

l13 pHC.2 CJie.o.yeT, 'ITO HaH60JibWee y8eJIH'IeHHe 3apSIJ.J.08 npOHCXOJ.J.HT Ha 'leTbipex 

KpaHHHX np080JIO'IKaX. C Y8eJIH'IeHHeM 3apSIJ.I.08 C8SI3aH pOCT K03<J><J>HUHeHTa ra3080f0 

ycHJieHHSI M . Ko3<J><J>HuHe HT raJo8oro ycHneHHSI M cne.o.yiOIUHM o6pa3oM Ja8HCHT OT 

8eJIH'IHHbi JIHHei-iHoii nl!OTHOCTH Jap~a cr npo80JIO'IKH M = K x exp cr [ 11 ] . 3To coOTHO­

weHHe n0380JISieT OUeHHTb H3MeHeHHe K03<t><l>HUHeHTa raJ080f0 ycHJieHHSI np080JIO'IeK nO 

OTHOWeHHIO K UeHTpaJibHbiM. l13MeHeHHe J.I.JISI .0.8yx KpaHHHX np080JIO'IeK COCTa8JilleT 

npHMepHO 80 H 30% COOT8eTCT8eHHO. 

2 . PoJib KpaiiHHX n p 080JlO'IeK y8eJlH'IeHHOro .UHaMeTpa 

Ha npaKTHKe 3KcnepHMeHTa Ha Kpruix nponopuHoHanbHbiX KaMep JJ.JISI yMeHbWeHHll 

pOJlH Kpae8biX 3<J><J>eKT08 npHMeHSIIOTCSI np080JIO'IKH 60JibWero J.J.HaMeTpa. noKa)l(eM Ha 

KOHKpeTHOM npHMepe, 'ITO n pOHCXO.UHT npH y8eJlH'IeHHH J.J.HaMeTp08 KpaHHHX 'leTblpex np0-

80JlO'IeK. B Ta6nHue npe.ucTa8JieHbl JHa'leHHSI .o.HaMeTpo8 3THX npo8oJio'leK OT Kpall K ueH­

TPY KaMepbl 8 MKM H OTHOCHT.eJlbHble 8eJIH'IHHbl 3apS1.0.08 Ha HHX (KaMepa 2) . 3Hrui 

Ja8HCHMOCTb nonll E Ha n o 8epxHOCTH npo80JIO'IKH OT ee pa,uHyca r, E - cr / r, r.o.e cr -

JlHHeHHa.tJ nJIOTHOCTb 3apl!J.J.a np080JIO'IKH, HeTpy.O.HO y6e.O.HTbCSI, 'ITO 8eJIH'IHHa 3JieKTpH'IeC­

KOfO nOJISI Ha n08epXHOCTH 'leTblpex KpaHHHX np080JIO'IeK MeHbWe, '!eM Ha OCTaJibHbiX . 3TO 

OTpa)l(eHO 8 nocne.o.HeH CTpOKe Ta6JlHUbl. KaK 8HJ.I.HO H3 Ta6JlHUbl, Hanpl!)l(eHHOCTb 

3JieKTpH'IeCKOfO nOJlSI Ha 3THX np080JlOlJKaX TaK08a, 'ITO HCKJliO'IaeT 803MO)I(HOCTb nOli8-

JieHHSI WYM08biX HMnynbC08 H npo6oe8. 
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PHc.3. BeJJHqJma 3apllna Ha nposonoqKe B 3aBHCHMOCTH OT ee nonoJKeHHll nJill 
KaMepbi H3 83 nposonoqeK. )l.HaMeTpbi scex nposonoqeK paBH 1 20 MKM 3a HCKJIIO­
qeHHeM 4-X KpaHHHX, paBHbiX 25, 30, 40 H 50 MKM 

25 

QeHTp 

20 

1.0 

1.0 

Pacnpe.o.eneHHe JapMOB .!I.JlSI 3Toro cn)"'aSI MeJK.D.y nposonotJKaMH noKaJaHo Ha puc.3. 

B Ta6nH~e .!I.JlSI cpasHeHHSI npHse.o.eHht .o.aHHhte .!I.JlSI KaMepbt c nposonotJKaMH O.O.HHaKo­
BbtX ,!I.HaMeTpOB (KaMepa 1 ). 3neKTpHtJeCKOe none Ha nosepXHOCTH 2-X KpaHHHX nposono­
qeK :noii KaMepht s .o.sa pa3a 6onhwe nonSI Ha nosepxHOCTH posonotJeK ysenHtJeHHoro 
.O.HaMeTpa (KaMepa 2). 

AHaJIH3 pe3ynhT3TOB BhJqHcneHHH, KOTOpbte npe.O.CTaBJieHbl Ha pHC.2 H 3, ll03BOnSieT 
c.o.enaTh cne.o.yiOwee npe.o.nonoJKeHHe: yMeHhmeHHe HnH ysenHqeHHe o6wero l.JHCJia nposo­
notJeK npH coxpaHeHHH scex reoMeTpHtJeCKHX xapaKTepcTHK KaMepbt He npHse.o.eT K JaMeT­
HOMY H3MeHeHHJO OTHOCHTeJlhHhiX senHl.JHH 3apS1,!1.0B KpaHHHX npOBOnOl.JeK. 
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PHc.4. BeJJH'IHHa 3apl1Jla Ha nposono<JKe B JaBHCHMOCTH oT ee nonmKeHHll 

llJlll KaMCpbl 113 33 npoBOJJO'ICK. Jl.HaMeTpbl BCCX npoBOJJO'ICK paBHbl 20 MKM 

3a HCKJJIO'ICHHCM 4-X KpaHHHX, paBHbiX 25, 30, 40 II 50 MKM 

lloKaJKeM cnpase.ll)lHBOCTb 3Toro npe.D.nonoJKeHHSI . Ha pHc.4 .D.aHo pacnpe.D.eJieHHe JapSI­

.II.OB .11.11SI KaMepbl HJ 33 npo soJIO'IeK. KpaiiHHe nposoJIO'IKH KaMep HJ 33 H 83 npo80JIO'IeK 

H.D.eHTH'IHbl, a BeJIH'IHHbl s H l O.D.HHaKOBbl .11.11SI o6eHx KaMep. Cpa8HeHHe peJyJibTaTOB pac­

'leT08 .ll)lSI KaMep H3 83 H 33 npOBOJIO'IeK OOKa3biBaeT, 'ITO pa3HHUa 8 8eJIH'IHHaX 3apS1.11.08 

KpaHHHX np080JIO'IeK H~ n peBbiUJaeT .(3 + 4) X 10--{j. 3-fo npOHCXO.IJ.HT HeCMOTpSI Ha yMeHb­

UJeHHe 'IHCJia nposoJIO'IeK s 2,5 paJa. TeM CaMbiM nO.D.T8ep)K.IJ.aeTcll npe.D.nonoJKeHHe o TOM, 

'ITO H3MeHeHHe 8eJIH'IHH 3a pS1.11.08 KpaHHHX npOBOJIO'IeK CBSIJaHO TOJibKO C y8eJIH'IeHHeM HX 

eMKOCTH, HO He c 'IHCJIOM n posono'leK KaMepbL TaKHM o6pa30M, Kpae8ble 3cpcpeKTbl o6l1Ja­

Hbl TOJibKO 4-5 KpaHHHM np080Jl0'1KaM, T.e. Kpae6bte 3l/Jl/JeKmbl ozpaHU'leHbl 06J!QCfflbiO 

-]0 MM 8.11.0Jib KpaifHHX n p080JIO'IeK . 

3. 113MeHeHHe KOH cp HrypaUHH 3JieKTpH'IeCKOrO OOJISI Ha KpaSIX KaMepbl 

EcnH .D.HaMeTpbl npo8oJio'leK O.II.HHaK08bl, TO yseJIH'IeHHe eMKOCTH nposono'leK K Kpa51M 

KaMepbl npOHCXO.II.HT TOJlbKO Ja C'leT OJIOllla.D.H KaTO.D.a, KOTOpyJO JaHHMaJOT 3apSI.IJ.bl, 

HH.II.YUHpyeMble 3apSI.D.aMH COOT8etCT8YJ01UeH np080JIO'IKH. BeJIH'IHHa 3TOH OJIOllla.D.H 6y.D.eT 

Y8eJIH'IH8aTbCSI K Kpa51M K aMepbL Cne.D.CT8HeM 3Toro SI8HTCSI HJMeHeHHe cpopMbi 3JieMeHTap­

HOH Sl'leijKH KaMepbl. 3-fo c npa8e.ll)lH80 H 8 CJIYlfae HCnOJib308aHHSI np080JlO'IeK 60JibUJero 

.D.HaMeTpa. Ho np11 3TOM .D.OnoJIHHTeJibHoe y8eJIH'IeHHe eMKOCTH C8SIJaHo c HJMeHeHHeM 

.II.HaMeTpa nposono'leK. B u eHTpanbHOH o6nacTH KaMepbl Sl'leifKa 8 ce'leHHH SIBJISieTCSI npSI­

MoyroJibHHKOM pa3MepOM S X 2[. 1-ITO npOHCXO.II.HT Ha Kpa51X KaMepbl, noKaJaHO Ha pHC.5 . Ha 

HeM H306paJKeHO Me.D.HaHHOe Ce'leHHe KaMepbl 8 paHOHe 8 KpaHHHX np080JIO'IeK (np080-
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PHc.5 . KoHqmrypauiDI JJieMeHTapHhiX SI'!eeK KaMephi H3 83 npoaono'leK B Me.rmaHHOM 

Ce'!eHHH Ha O,!lHOM H3 ee KpaeB B paHOHe 8 KpaHHHX npOBOJIO'!eK. BH,!lHO H3MeHeHHe 

cpopMhi npSIMoyroJihHhiX SI'IeeK KaMephi. CnnolliHhiMH KpHBhiMH noica3aHhi rpaHHUhi 

MelK.lly ll'leHKaMH .llllll KaMepbl, y KOTOpOH ,!lHaMeTpbl 4-x Kp aHHHX npoBOJIO'!eK 

yaeJIH'!eHbl. 0YHKTHpHble KpHBbie - rpaHHUhl ll'leeK KaMephl C n pOBOJIO'IKaMH paB­

HhiX ,!lHaMeTpOB. Oo KalK,!IOH H3 oceH X H Y 100 ,!leJieHHH COOTBeTCTBYJOT 1 MM. 
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PHc.6. JlHHHll 3JieKTpH'!eCKOfO nOJill B Me,!lHaHHOH nJIOCKOCTH, Ha'!HHaiOIUaSICll Ha 4-H OT Kpall npo­

BOJIO'!Ke. JlHHHll npOXO,!lHT qepe3 TO'!Ky, pacnOJIOJKeHHYIO nocpe,!lHHe eJK,!ly 4-H H 3-H KpaHHHMH 

npOBOJIO'!KaMH no OCH X H CMeiUeHHYJO Ha 1 MKM no OCH Y . a- ee Ha'!aJihHhiH yqaCTOK, 6- BCll 

JIHHIDI nOJill OT npOBOJIO'IKH ,!lO KaTO,!lHOH nJIOCKOCTH. 

JlO'IKH 76 + 83). CmiOillHhiMH KpHBhiMH o6o3HatJeHhi rpaHHUbi 3JleMeHTapHhiX SltJeeK KaMe­

phi, y KOTOpOH .ll.HaMeTp '!eTblpeX KpaHHHX npOBOJIO'IeK yaeJIH'!eH (Ta6JI.l ). fpaHHUhl Sl'leeK 

KaMepbl C npOBOJIO'!KaMH O.ll.HHaKOBOro .ll.HaMeTpa llOKa3aHbl IllTp xnyHKTHpOM. J13 pHCYHKa 

BH.ll.HO, KaK .ll.eqJOpMwpyeTCSI npSIMoyronbHaSI 3JleMeHTapHa51 Sl'leiiKa K KpaiO KaMepbi. Ee cpop­

Ma npwo6eTaeT CJIO)I(HhiH xapaKTep. Ha ~paS~x KaMephi Sl'leiiKa orpaHH'IHBaeTCSI 

KpHBOJlHHeHHhiMH llOBepXHOCTSIMH. 
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Pwc.7 . KapTa CHJIOBbiX IIHHHii nom1 B MenHaHHoii nnocKOCTH, 

H3'1HH310UlHXCll Ha BTOpOH npoBOJIO'IKe OT Kpall KaMepbi. Bee 

JIHHHH necpopMHpOB3Hbl H OTKIIOHeHbl B HanpaBIIeHHH Kpall 

KaMepbi 

lllaljJpaH06 M./!. Kpae6ble 3t/Jt/JeKmbl 

MeHlleTCll B 3TOH o6nacTH " 

caMa KomtmrypaUHll 3JieKTpH'!ec­

Koro nonll. Ha pHc.6 noKa3aHa 

O)lHa H3 JIHHHH 3JieKTpH'IeCKOrO 

nonll s6JIH3H Kpall KaMepbi. Ha 

pHc.6a noKa3aH ee Ha'laJibHbiH 

}"'aCTOK. CHcTeMa KOOpJlHHaT Jllill 

3TOro CJIY'Iall Bbi6paHa CJie)lyiOI.UHM 

o6pa30M: KoopJlHHaTbi X= 0, Y = 0 

COOTBeTCTBYIOT UeHTpy KaMepbl , 

'!epe3 KOTOpbiH npOXO)lHT ueHT­

panbHall nposoJIO'IKa. Ocb OX 

Jie)I(HT B nJIOCKOCTH npOBOJIO'IeK, 

ocb OY HanpaBJieHa BJlOJib HopMa­

JIH K nnocKOCTH nposono'!eK. Ue­

Ha O)lHOrO )leJieHHll lllKaJI nO OCliM 

pasHa 10 MKM (1 00 )leJieHHH ll1Ka­

Jlbl COOTBeTCTBYIOT 1 MM) . TaKHM 

o6pa30M, KOOpJlHHaTa (7600,0) 

COOTBeTCTsyeT UeHTpy 4-H Kpaii­

HeH nposono'IKH. CHJIOBall JIHHHll 

npoxo)lHT '1epe3 TO'!Ky, pacnono­

)l(eHHYIO Ha OCH OX TO'IHO nocpe­

JlHHe Me)I(Jly 4-H H 5-H KpaHHHMH 

npOBOJIO'!KaMH, HO CMei.UeHHYIO 

BJlOJib ocH OY TOJibKO Ha 1 MKM. 

B OTCYTCTBHe Kpaesoro 3cp­

cpeKTa CHJIOBall JIHHHll npOXO)lHJia 

6bi B JlaJibHeiillleM napanneJibHO 

ocH OY npH 3Ha'!eHHH X= 7700, a 

He TaK, KaK 3TO noKa3aHO Ha 

pHc .66. Ha pHc.66 3Ta JIHHHll no­

Jill H306pa)l(eHa nOJIHOCTbiO OT 

nposoJIO'IKH JlO KaTOJla. Ee cMe­

meHHe Ha KaTO)le COCTaBJilleT 

1,52 MM . Ha pHc .7 npeJlCTaBJieHa 

KapTa CHJIOBbiX JIHHHH nOJill , 

Ha'IHHaiOI.UHXCll Ha 82-H npOBO-

JIO'!Ke. Bee JIHHHH nonll cMei.UeHbi 

K KpaiO KaMepbl. 

KoHcpHrypauHll 3JieKTp H'IecK"oro nonll 3JieMeHrapHoii pa6o'leii ll'leHKH KaMepbi onpe)le­

JilleTcll JIHHeHHbiM 3apl1Jl0M aHOJlHOH npOBOJIO'IKH, npHHa)lJie)l(ai.UeH 3TOH ll'leHKe, a TaK)I(e 

JIHHeHHhiMH 3apl!JlaMH coce)lHHX nposono'!eK. 3asHCHMOCTb 3JieKTpH'IecKoro noJill E OT pac­

CTOliHHll JlO JIHHeHHOro HCTO'IHHKa onpeJleJilleTCll COOTHOUleHHeM E- (J I r. no3TOMY 'IHCJIO 

JIHHeHHbiX 3apl1Jl0B, BHOCli i.UHX 3aMeTHbiH BKJia)l B BeJIH'IHHY nOJill ll'leHKH, He npeBbiUlaeT 

8 + 10 C Ka)I(JlOH CTOpOHbl npOBOJIO'IKH . 3To '!aCTH'IHO BH)lHO Ha pHC.3 H 4 . 8 HenocpeJlCT-
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Puc.8. 113MeHeHue ::liieKTpuqecKoro nonll no nHHHH, npoxorouueif qepe3 

ueHTp O.UHOH H3 npoaono'!eK KaMepbi a.uonb HanpaaneHHll, nepneH.IIHKY­

nllpHoro nnocKOCTH npoaono'leK 
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aeHHOH 6nuJOCTU OT caMoii npoaono'IKU none onpe.nen.s~eTc.s! Jap.s~.~~:oM npoaono'IKU. ITo:no­

MY pacnpe.neneHue non.s1 u noTeHuuana B oKpecTHOCTU npoaono'IKU 3KBUBaJieHTHO pacnpe­

.neneHUIO noneii u noTeHQuanoa Kpymoro uunuH.D:puqecKoro cq T'IUKa. Ha HeKOTopoM pac­

CTO.s!HHU OT npOBOnO'IKH no HanpaBJieHUIO K KaTO.D:Y COCTaBJI.s!IOll{Ue 3neKTpU'IeCKOfO non.s1 

B.UOnh nJIOCKOCTH npOBOnO'IeK (npo.uonhHbie COCTaBn.s!IOll{Ue non.s1), HMe!Oll{Ue npOTUBOnO­

nO:lKHbie HanpaBJieHH.s!, 6y.uyr BJaHMHO ypaaHoaewuaaThC.s!. TaKnM o6paJOM, ¢aKTUtJecKu 

OCTaiOTC.s! TOnhKO COCTaBJI.s!IOll{Ue non.s!, HanpaBJieHHbie B.UOnh HOpMaJIU K KaTOJlY. 3TH CO­

CTaBJI.s!IO~Ue B CYMMe o6pa3YIQT nOCTO.s!HHOe 3neKTpHtieCKOe none Ha'IHHa.s! npuMepHO C 1. 
MM OT npOBOnO'IKH no HanpaBJieHUIO K KaTOJlY (puc.8). B6nUJU KpaeB KaMephl npO.D:OnhHhie 

COCTaBJI.s!IOll{Ue nOn.s! Y:JKe He ypaBHOBeWUBaiOTC.s!. 3TOT .D:UC6aJI HC yaeJIU'IUBaeTC.s! K Kpa!O 

KaMepbl, TaK KaK C O.D:HOH UJ CTOpOH 'IUCnO U BenU'IUHa .D:eHCT YIOIUUX nuHeHHhiX Jap.s~.D:OB 

ocTaeTC.s! HeUJMeHHOH, a c .npyroii - YMeHhwaeTC.s!. C paJHUQeii B qucne u aenu'luHax 

nuHeHHhiX 3ap.s!.D:OB cneBa H cnpaaa OT npOBOnO'IKH .s!'leHKH CB.s!JaHa .ne¢opMaQU.s! 3neMeH­

TapHOH .s!'leHKU Ha Kpa.s~x K~Mephi. YaenutJeHue nuHeHHhiX nnoTHOCTeii npoaonotJeK 

qacTU'IHO KOMneHcupyeT .nuc6anauc B Jap.s~.~~:ax cneaa u cnpaaa. Y KaMepbi c o.nuHaKOBhiM 

.D:UaMeTpOM KpaHHUX npOBOnO'IeK Jap.s!.D:bl Ha 3TUX npOBOnO'IKaX MeHhWe Jap.s!.D:OB npOBOnO­

'!eK KaMephl c yaenutJeHHhiMU .nuaMeTpaMu npoaonotJeK (Ta6n . l). ITo3TOMY .ne¢opMauu.s~ 

3neMeHTapHbiX .s!tJeeK KaMephl C npOBOnO'IKaMU O.D:UHaKOBhiX .D:UaMeTpOB 6y.neT Bhlpa:JKeHa 

CHJihHee. Ha puc.5 rpaHUQbi Me:JK.D:y .s~qeifKaMu M.s! TaKoii KaMephi noKaJaHhi 

niTpuxnyHKTUpHbiMU KpHBbiMH. TaKUM o6pa30M, yaenu'leHue .nuaMeTpoa KpaiiHux npoaono­

tJeK KaMephi BbmonH.s!eT .D:BO.s!KY!O ponh. Yaenu~eHue .nuaMeTpoa npoaono'leK YMeHhwaeT 

3neKTpU'IeCKOe none Ha HX noaepXHOCTH. BenU'IUHa nOn.s! Ha HUX He npeBhiWaeT non.s1 
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OCTaJlbHbiX npOBOJlOlfeK (Ta6n . J ), HeCMOTp~ Ha yseJlH'IeHHe JlHHeHHOfO 3ap~.ua 3THX npOBO­

JlOlfeK B cpasHeHHH C JllotHeHHbiM 3ap~OM Ha npOBOJlOlfKax KaMepbl C H.lleHTHlfHbiMH npOBO­

JlOlfKaMH. YsenHlfeHHe JlHHeHHoro Jap~.ua nposonolfeK 6onblllero .llHaMeTpa npHBO.IlHT K 

yMeHbllleHHIO .ueqJOpMaUHH KpaHHHX 3JleMeHTapHbiX ~lfeeK KaMepbi. 

4 . KpaeBbie 3cpcpeK T bi y KOHUOB nposonolfeK 

Bo scex paclfeTax JaJIO)I(eHo npe.unono)l(eHHe o TOM, lfTO JlHHeHHM nnoTHOCTb Jap~.ua 

B.llOJlb nposonOlfKH nocTo~HHa. OpHse.ueHHbie Bbillle peJyJlbTaTbi ~BJl~IOTC~ YKaJaHHeM Ha TO, 

lfTO JaMeTHOe H3MeHeHHe JlHHeHHOH nJlOTHOCTH 3ap~.llOB 6y.ueT npOHCXO.IlHTb TOJlbKO Ha 

KOHUaX npOBOJlOlfeK, Ha .IIJIHHe He 6onee J 0 + 15 MM . ,lln~ TOfO lfT06bJ JlYlfllle noH~Tb, lfTO 

npOHCXO.IlHT y KOHUOB npOBOJlOlfeK, paCCMOTpHM H.UeaJIH3HpOBaHHbiH npOTOTHn KaMepbl C 

npOBOJlOlfKaMH, KOTOpbie KaK 6bi BHC~T 6e3 COe.llHHeHH~ (no.unaHKH) HX KOHUOB C CHCTe­

MaMH C"beMa CHrHaJia. ,llnHIIa npOBOJlOlfeK pasHa paCCTO~HHIO Me)l(.lly nepBOH H nOCJle.UHeH 

npOBOJlOlfKaMH . JlHHeHHM nJlOTHOCTb 3ap~a nOCTO~HHa B.llOJlb npOBOJlOlfeK. llHaMeTpbl 

scex nposonolfeK O.llHHaKOBbJ. PeJynbTaTbi paclfeTa noTeHuHana B.llOJlb ueHTpaJibHOH nposo­

JlOlfKH · npHse.ueHbi Ha pHc .9, OHH o6oJHalfeHbi TOlfKaMH . CnnolllHOH KpHBOH noKaJaHa 

3aBHCHMOCTb noTeHUHaJia OT npOBOJlOlfKH K npOBOJlOlfKe, KaK H Ha pHc. J, JlHHeHHM nJlOT­

HOCTb 3ap~.lla npOBOJlOlfeK O.llHHaKOBa. Oo JaKOHaM 3JleKTpOCTaTHKH TaKOfO COfJlaCH~ \ 

pe3yJ1bTaTOB H cne.uosano O)I(H.IlaTb . Ha pHc . l 0 npHse.ueHO no.uo6Hoe pacnpe.ueneHHe 

noTeHuHana s.uonb .uHaroHanH KaMepbi. PaclfeT BbmonHeH npH ycnoBHH, lfTO JlHHeHHM 

nJlOTHOCTb 3ap~.ua pacnpe.ueneHa Me)l(.lly npOBOJlOlfKaMH B COOTBeTCTBHH C pacnpe.ueneHHeM 

Jap~.ua, noKaJaHHbiM Ha p Hc.2. HeKoTopoe npeBbillleHHe Ha.u TOH )l(e KpHBOH, lfTO H Ha 

pHc.9, cs~JaHo c ysenHlfeiiHeM JlHHeHHOH nnoTHOCTH Jap~.uos Ha KpaiiHHX nposonolfKax 

(eM . pHc.2) . 
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PHc.9 . PaJHOCTh noTeHuHanos U nposono'IKa- KaTOll BllO!lb ueHTpanbHOH 

npOBOJlO'IKH KaMepbl. JIHHeHHall n!lOTHOCTb 3aplllla BllOJlb BCeH npOBOJlO'IKH 

OllHHaKOBa, JlHHe HHall n!lOTHOCTb 3aps!lla Ha BCeX npoBOJlO'!KaX OllHHaKOBa. 

X = 0 COOTBeTCTByeT ueHTpy KaMepbl 
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PHc. l 0. PaJHOCTb noTeHUHaJIOB U npoaono'lKa - KaTO.Il B,llOnb ,llHaroHanH 

KaMepbi. JlHHeHHaJI nnOTHOCTb 3apll,lla B,llOflb KlDK,IlOH npOBOflO'lKH noCTOliHHa, 

flHHeHHaJI nnOTHOCTb 3apll,lla npH nepeXO,Ile OT npOBOflO'lKH K npOBOflO'lKe 

COOTBeTCTBYeT pHc.2 

20 
y 

0 X 

PHc. ll . JlHHeHHaJI nnoTHOCTb Japll.lla Q B.llOflb npoaono'IKH H oT npoaono'IKH 

K npOBOflO'lKe B O,llHOM H3 KBa,llpaHTOB K~Mepbl. Pa3HOCTb n oTeHUHaJIOB npo­

BOflO'lKa - KaTO.Il .llflll acex npoaono'leK KaMepbi O.llHHaKoBa 
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Bee nonyqeHH&Ie .o;aHH&Ie nOJsomiiOT e.o;enaTb JaKJIIO'IeHHe o TOM, 'ITO nHHeHHruJ nnoT­

HOCTb 3ap51.u;a s.u;on& nposono'leK paenpe.o;eneHa aHanorH'IHO paenpe.o;eneHHIO nnoTHOeTH OT 

npOBOnO'IKH K npOBOnOlJKe 8 eOOTBeTeTBHH e pHe.2 . 0pH <!TOM JaMeTHOe H3MeHeHHe, KaK H 

npe.u;nonaranoc& paHee, npHxo.o;HTell Ha KOHUeB&Ie yqaeTKH nposonolJeK paJMepoM 10 + 15 MM. 

H.o;eanH3HposaHHoe paenpe.o;eneHHe Japll.o;os no nposono'IKaM H s.o;on& HHX s o.o;HOM H3 

KBa.u;paHTOB KaMepbl noKa3aHO Ha pHe.11. Ha HeM B.U:Onb OeH X 0603Ha4eHbl HOMepa He'leT­

HbiX npOBOnOlJeK, HalJHHruJ e UeHTpanbHOH, no OeH Y - HOMepa TOlJeK, B3liTbiX 4epe3 4 MM 

s.o;on& nposono'IKH. BenH'IHHbi Japli.U:OB (oe& Z) npHse.o;eH&I s OTHOeHTen&HbiX e.o;HHHUax. HJ 

pHeyHKa ene.o;yeT, 'ITO npH ysenH'IeHHH Hanpll:lKeHHH HaH60nblllruJ sepOliTHOeTb nOliBneHHll 

pa3p5UlOB Ha KaMepe npHXO.U:HTell Ha yrn&I KaMep&I. B o6naeTH yrnos Ha6niO.uaeTell o6mee 

ysenH'IeHHe nHHeHHOH nnoTHoeTH 3ap51.u;a Ha Kpai-iHHX nposono'!Kax, a TaK:lKe ee 

ysenHlJeHHe K KOHUaM nposono'leK, eenH s noene.o;HeM enyqae He )"'HTbiBaTb BnHliHHe 

).lH:>neKTpH4eeKOH paMKH. 

B npaKTHKe :>KenepHMeHTa s KalJeeTse nyqKOBbiX Henon&JYIOTell MOnK e nposono'I­

KaMH .UHaMeTPa 10 MKM, lllarOM HaMOTKH, paBHbiM 1 MM . ObinH BbinOnHeHbl pae'leTbl Jl]lll 

TaKoH KaMepbi e Me:lKKaTO.UHbiM paeeTOliHHeM, paBHbiM 4 MM. KaK BH.UHO, see reo­

MeTpH4eeKHe pa3Mep&I KaMep&I JlJlll :>Toro enyqru~ yMeH&llleH&I s 2 pa3a no epasHeHHIO e 

pa3MepOM KaMepbl, paeeMOTpeHHOH paHee. Ha OeHOBaHHH npHHUHna nO.U06Hll npH 

pellleHHH 3a).la4 :>neKTpOeTaTHKH MO:lKHO O:lKHJ{aTb eOBna).leHHll pe3yn&TaTOB pae'leTa 8 060HX 

enyqruJX He TOnbKO Ka'leeTBCHHO, HO H KOnH'IeeTBeHHO. LJ:ei-ieTBHTenbHO, KOnH'IeeTBeHHbie 

peJyn&TaTbl eosna.uaiOT e TOlJHOeTbiO Bblllle '!eM 1 X 1 0-S . 

CTeneHb BnHliHHll .UH:>neKTpH4eeKHX paMOK Ha senH'IHHY H KOHqmrypauHIO :>neKTpH4e­

eKoro nonll no nepHMeTpy KaMepbl 3aBHeHT OT KOHeTpyKTHBHbiX oeo6eHHOeTeH KaMepbi. 

BMeeTe e TeM <ITa JaBHeHMOeTb B npHHUHne HOeHT pa3nH4HbiH xapaKTep, Ha Kpru!X KaMepbl 

B).lOnb npOBOnO'IeK, e O.UHOH eTOpOHbl, H B.U:Onb KOHUeBbiX yqaeTKOB eHrHanbHbiX npOBOnO­

'IeK - e .o;pyroi-i. B nepsoM cnyqae .U:H:>neKTpH4eeKal! paMKa s TOH HnH HHO~ eTeneHH 

yeHnHBaeT KpaeBOH :>cpcpelcT, paeeMOTpeHHbiH Bblllle. 80 BTOpOM enyqae, Hao6opOT, oena6-

nlleT ero. OolleHHM :>To paJn HlJHe Ha npHMepe. Ha pHe. 12a noKaJaHo nonepe4Hoe eelJeHHe 

KaMepbl B paHOHe .UH3JieKTpH4eeKOH paMKH, HaXO}.lliJlleHell Me)KJ.ly .UBYMll KaTO).lHbiMH nno­

eKOeTliMH H napannen&HOH eHrnanbHbiM nposono'IKaM. KpaHHllll eHrHan&Hal! nposoJIO'IKa 

W 3apll:lKeHa nonO:lKHTeJibHbiM 3apli.U:OM e nHHeHHOH nJIOTHOeTbiO cr. Oo.u .uei-ieTBHeM 3apli.UOB 

nposono'IKH npHexonHT non llpH3aUHll .UH:>neKTpHKa. Ha ero nosepxHoeTH, o6pameHHOH K 

a.) .:.._ _ _ _ q 
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PHc. l :l CxeMa nponopuHoHanbHoil KaMepbi s6nH3H llH3JieKTpwiecKoil paMKH E, o - nHHeilHal! 

nJIOTHOCTb 33plUla npoBOJI04KH, q - nosepXHOCTHal! nJIOTHOCTb 33plUIOB KaTona, q' - nosepXHO­

CTHal! nnoTHOCTb 3apllnos paMKH Ja clJeT nonllpH3aUHH llH3neKTpHKa. Ce4eHHe KaMepbi nnocKo­

CTbiO, nepneHnHKynllpHoil nnocKOCTH nposono4eK (a), w - nposon04Ka. Ce4eHHe KaMepbi 

BnOJib npOBOJI04KH (6), 0' - JIHHeHHal! nJIOTHOCTb 3apllna npoBOJI04KH y ee KOHUa 
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PHc. I3. CxeMa npoTOTHna apeMllnpoeKUHOHHOH KaMe­

phi. Cg - ceTO'IHal! noaepxHOCTb KaTo~a, Cp -

noaepxHOCTb KaTo~a H3 Me~HOH cponbrn, SFw - nno­
CKOCTb CHflianbHbiX H noneBbiX npOBOflO'IeK ~eTeKTO­

pa, A H B - JaiUHTHbiH npoaono'IHbiH 3neKTpo~. 

lliTpHXOBKOH noKa3aHbl ~H3fleKTpH'!eCKHe paMKH 

npOBOJIO'!Ke, nO.stB51TC51 OTpHUaTeJibHbie Jap.stAbl 

q' AHnOJieH, o6pa30BaHHbiX HJ-Ja noJI.stpHJaUHH. 

HanpaBJieHHe peJyJibTHpytmuero non.st 3THX Ja-

33 

~-------------Cg 

CJ------- SFw 

Cp 

p.stAOB B TO'!Kax Me)l(,[(y npOBOJlOtJKOH H paMKOH (HanpHMep, B TOtJKe B) 6yAeT COBna,o,aTb C 

HanpaRJieHHeM nOJ151 Jap.stAa npOBOJlOtJKH. C yBeJlHtJeHHeM paCCT05IH':f51 Me)l(,[(y npOBOJlOtJKOH 

W H paMKOH BJ1H51HHe non.stpHJauHH AH3JleKTpHKa yMeHblllaeTC.st . 

CoBceM Apyra.st KapTHHa Ha6JitoAaeTc.st y KOHUOB npoBonotJKH . Ha pHc.126 noKaJaHo 

CetJeHHe KaMepbl BAOJib OAHOH H3 npOBOJlOtJeK. 01'pHUaTeJ1bH ble" JapMbl KaTOAHOH nno­

CKOCTH q HHAyuHpytoT Jap.stAbl nOJlQ)KHTeJlbHOro JHaKa C JlHHeHHOH nJlOTHOCTbiO <J BAOJlb 

npOBOJlOtJKH Ja HCKJliOtJeHHeM ee KOHUOB. B6J1H3H KOHUa npOBOJIOtJKH tJaCTb 3ap51,D.OB KaTO­

Aa, KOTOpbte HHAYUHpOBaJIH 6bt Jap.stAbl Ha npOBOJIOtJKe B OTCYTCTBHe AH3JleKTpHKa, C03AatoT 

nOJI.stpHJaUHIO AH3JieKTpHKa H CB513biBatoTC51 nOJIO)KHTeJlbHbiMH J ap.stAaMH q' Ha noBepXHOCTH 

paMKH . noaTOMY JIHHeHHa.st nJIOTHOCTb 3ap.stAOB cr' K KOHUY npOBOJIOtJKH YMeHblllaeTC.st: 

<J' < <J. 3-fo BeAeT K OCJ1a6neHHIO KpaeBbiX acpcpeKTOB, CB.stJaHHbi X C yBeJlHtJeHHeM JIHHeHHOH 

eMKOCTH npOBOJlOtJeK Ha ee KOHUaX. 

HacKOJlbKO CYlllecTBeHHO BJlH.stHHe KOHCTPYKTHBHoro pellleiiH.st Ha xapaKTep aneKTpHtie­

cKoro non.st, MO)KHO cyAHTb no 3KcnepHMeHTaJibHbiM pe3ynbT TaM [12]. 3TH pe3ynbTaTbi 

nonyqeHbl npH HCCJ1eAOBaHH51X aMnJIHTYAHOrO pacnpeAeneHH51 CHrHaJIOB BAOJlb CHrHaJibHOH 

npoBOJlOtJKH B npoTOTHne BpeM.stnpoeKUHOHHOH KaMepbt ycTaHOBKH DELPHI [13,14] . 

PemCTpHpytomHM ycTpOHCTBOM B 3TOM npoTOTHne .stRJieTc.st n p onopuHOHaJibHa.st KaMepa c 

TeM OTJIHtJHeM OT paccMOTpeHHOH Bbtllle, 'ITO B OAHOH nnocKOCTH SFw (pHc. 13) c CHrnaJib­

HbiMH npoBOJlOtJKaMH Me)l(,[(y HHMH pa3MemeHbt noneBbte npoaonotJKH. Hx HaJHatJeHHe -

cpopMHpOBaHHe Heo6XOAHMOH KOHcpHrypaUHH H BeJIHtJHHbl 3JieKTpHtieCKOf0 nOJ151. 0AHOH ·H3 

KaTOAHbiX nnocKocTei-i KaMepbt cny)I(Hna MeAHa.st cponbra Cp, A yroi-i nnocKOCTbto cn~Hna 

ceTKa Cg HJ npoBonotJeK, HaxoA.stmHxc.st Ha paccTo.stHHH 1 MM . PaccTO.stHHe Me)l(,[(y KaTOA­

HbiMH nnocKOCT.stMH paBHO 8 MM. BbtCOKoe Hanp.st)KeHHe (+ 1550 B) noAaBaJIOCb Ha CHrnaJib­

Hbte npoBonotJKH. KaTOA H noneBbte npoBonotJKH HaXOAHJlHCb n oA HyneBbiM noTeHUHaJIOM. 

KoppeKuH.st aneKTpHtiecKoro non.st y KOHUOB cHrHaJibHbiX n p oBOJIOtJeK ocymecTRJI51Jlacb 

ITOAatJeH Hanp.st)KeHH.st Ha Jall.{HTHbiH 3JieKTpOA, KOTOpbiM CJlY)KHJlH ABe npOBOJlOtJKH A H B 
(puc.13) . .[(HaMeTp npoBonotJeK paBeH 0,8 MM. EeJ Jall.{HT oro aneKTpOAa yMebllleHHe 

aMnnHTYAbi ci1rnana 6onee tJeM Ha 40% HatJHHaJIOCb Ha paccTO.stHHH 4 MM oT paMKH. EeJ 

nOAatJH Hanp.st)KeHH51 Ha 3JleKTpOA TaKOe yMeHbllleHHe aMnJlHTYAbl CHrHaJia HatJHHaJIOCb Ha 

paCT051HHH 1,5 MM OT paMKH, npH OTpHUaTeJlbHOM Hanp.st)KeHHH, paBHOM 180 B, - TOJlbKO 

Ha npoBonotJKe A H HyneBOM noTeHuHane Ha npoBonotJKe B - Ha paccTO.stHHH 0,3 MM OT 

paMKH. noAatJa Hanp.st)KeHH51 Ha 3JleKTPOA B He npHBOAHJia K AaJibHeHlliHM HJMeHeHH51M. 

OpH ucnOJibJOBaHHH aneKTpOAa, o6pa3oBaHHoro TOJlbKO npoBonotJKOH A, 3TH paccTO.stHH.st 

yaeJIH'IHBaJIHCb Ha 1 MM . TaKHM o6paJOM aneKTPOA A B 6onblllei-i cTeneHH KoppeKTHpoBan 

BeJIHtJHHY H xapaKTep aneKTPHtJecKoro nom, COJAaBaeMoro KaTOA oi-i ceTKOH, tJeM aneKTPOA B. 

• 
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5. BbiBOAbl 

1-13 pac'leToB KOHQ>Hrypaw-m 3JieKTPH'IeCKHX noneii " noTeHuHanos nnaHapHbiX MnnK 
nOJI)"'eHbl CJieA)'IOUlHe peJyJibTaTbl, a TaK)J(e CAeJJaHbl BbiBOAbl. 

- BhUIBJieHa npH'IHHa noSIBJieHHSI KpaeBbiX 3Q>Q>eKTOB. KpaeBbie 3Q>Q>eKThi BhiJbiBaiOTCSI 
HJMeHeHHeM JIHHeHHOH nJIOTHOCTH JapS~Aa KpaHHHX npOBOJIO'IeK H KOHUeBbiX yqaCTKOB BCeX 
npOBOJIO'IeK KaMepbl no cpaBHeHHIO C JIHHeHHOH nJIOTHOCTbiO JapS~Aa npOBOJIO'IeK UeHTpaJib· 
HOH o6nacTH KaMepbi. 

- OnpeAeneHa o6nacTh KaMepbi, B KOTopoii KpaeBbie 3Q>Q>eKThi Hrpa!OT JaMeTHYIO pollb. 
3-ra o6nacTb pacnOJIO)J(eHa no nepHM~y KaMepbi, oHa He npeBbiiiiaeT no IIIHpHHe 10 + 15 MM. 
06JiaCTb, B KOTOpOH KpaeBble 3cf>Q>eKTbl Hrpa!OT JaMeTHYIO pOllb, He JaBHCHT OT paJMepOB 
KaMepbi. 

DOKaJaHa pOllb npOBOJIO'IeK YBeJIH'IeHHOrO AHaMeTpa, HCnOJihJyeMbiX B 
nponopUHOHaJihHhiX KaMepax Ha ee KpaS!x. YBeJJH'IeHHe AHaMeTpa npoBoJIO'IeK YMeHbiiiaeT 
3JieKTPH'IeCKOe none Ha HX nosepXHOCTH AO JHa'leHHSI, He npeBbiiiia!Omero nOJISI OCTaJibHblX 
nposono'leK, XOTSI JIHHeH HaSI nnoTHOCTh JapSIAa KpaHHHX nposono'leK yBeJJH'IeHHoro 
AHaMeTpa 60llhllle JIHHeHHOH nJIOTHOCTH JapS~Aa KpaHHHX npOBOJIO'IeK OAHHaKOBOrO AHaMeT­
pa. YBeJJH'IeHHhiH JapSIA KpaiiHHX npoBOJIO'IeK ynyqiiiaeT KOHQ>HrypauHIO 3JieKTpH'IecKoro 
nOJISI Ha KpaSIX KaMepbi. 
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ON STANDARD AND NONSTANDARD APPLICATIONS 
OF WAVELET ANALYSIS 

M. V.Altaisky 

We review the present status of wavelet analysis, the method of decomposition with respect 
to representations of the affine group, which is effectively used verywhere in signal and 
image processing and is receiving a lot of interest in the context of nuclear physics data 
analysis. Some results of the application of the waveiet decomposition to the experiments 
carried out at JINR are presented, and some new possible applicatio s are indicated. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINK 

0 CT3HJJ:3pTHbiX H HeCT3HJJ:3pTHbiX npHJIOJKeHHJIX Beii.JieT-3HaJIH33 

M.B.Anmaii.cKuii. 

BeiineT-aHaJJH3 - MeTO,[I o6paOOTKH CHnlaJI08 H H306paJKeHHii - paCCMaTPH8aeTCll ICaK 
MeTO,[I paJJIOJKeHHH no npe,!ICTaRJJeHHliM a<l>¢HHHOH rpynm>l. llpeJICTaBTieHbl pe3yJILTaTbl npHMe­
HeHHll 8eiineT-aHaJJH3a K 3KCnepHMeHTaM, npo80,!1HMbiM 8 0~11, H 03MOJKHOCTH HeKOTOpblX 
H08LIX npHliOJKeHHH. 

Pa6oTa 8binOJIHeHa 8 Jla6opaTopuu ll.llepHbiX npo6JieM 0~11. 

1. Wavelets : An Intuitive Description of the Method 

The principal shortcoming of common Fourier analysis is its nonlocality . Due to the 
uncertainty principle, a signal cannot be localized simultaneo sly in frequency and time 
with arbitrary precession. From the practical standpoint this nonlocality , is always 
undesirable. This means that we usually want (i) to keep the c ntribution of low and high 
frequencies separately reasonable and (ii) we want the decomposition of a signal to be 
robust with respect to small perturbation; both are evidently not the case for the Fourier 
decomposition 

(1) 
-oo· 

To overcome this difficulty the windowed Fourier transform [1] 

(2) 

• 



• 
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was suggested by D.Gabor in 1946 for the purposes of signal processing. Unfortunately, 
there are some faults with this idea. Transform (2) is evidently poor in resolving 
wavelengths longer than the window W(x) width. Conversely, the decomposition of short, 
but high frequency signals requires a broad window with a large number of·cycles. The 
process of reconstruction in this case contains a large number of terms with comparable 
amplitudes and hence turns out to be numerically unstable. 

Conspicuously, what one needs is a scheme with a broad window for low frequency 
signals and a narrow window for high frequency signals. Such a scheme, independently 
developed by several authors at the beginning of 1980s [2], is called a wavelet transform. 
Practically, it is a separate convolution of the signal in question with a family of functions 
obtained from some basic one - basic wavelet - by shifts and dilatations: 

T -w<a, 't) f =I Wa, t(x) .f(x) d.x, (3) 

where 

1 ('t-X) '~'a, ix) = Ta \jf -a-

are usually referred to as (affi ne) wavelets. 

2. Mathematical Bac kground 

Being a quasi-local integral transform, affine wavelet decomposition (3) has found a lot 
of practical applications to signal processing. In parallel with practical development it has 
found a profound and abstract theoretical background in the Lie group theory [3]. In the 
present paper we start with its general properties and only then turn to applications and 
implementation. 

Let us consider a Hilbert space 11. .with transitive action of a Lie group G on it. Let U 
be a continuous square-integrable unitary representation of G. The vector \jf e 11. is said to 
be admissible (with respect to G), if 

I I (\jf, U(g) 'I') 12 dJ.!L(g) < oo, 

G 

where dJ.LL(g) is a left-invariant measure on G. 

The key result which allows decomposition of an arbitrary vector v E 11. with respect 
to the representation U(g), g e G, is summarized by the following theorem 1 

[ 4]. 
Theorem 1. Let U be a square-integrable unitary representation of a separable locally 

compact group G (with left Haar measure dJ.!L) on the Hilbert space 11., and let \jf e 11. be 

an admissible vector. Let 

c'~' = II ~II -2 I I('!'. U(g) 'I') 12 
dJ.LL (g)< oo (4) 

<II ·II -I.Z-nonn is implied). 
G 

1Here we present the weak fonn of the theorem. In general, the unitarily is not strictly required. 
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Then for all v E 7-i the following decomposition holds (the integrals converging weakly) 

v = c;1 f (v, U(g) 'I') U(g) 'lfdJlL(g). (5) 

G 

Thus, to acquire good analytical properties, we must require the window integral transform 
(3) to nave the form (5). 

Considering a Hilbert space of square integrable funct ions (of one variable, for 

simplicity) L2(R) with transitive action of the affine group 

G : x ~ x' =ax+ b, 

(ab) o (a',b') = (aa', ab' +b), 

we define the representation U(g) as 

1 (x-b) [U(a, b) 'lf](x) = Ta 'If -a-

and the left invariant measure in the form 

which follows from (7). 

dadb 
dJlL(a, b)= -

2
-, 

a 

(6) 

(7) 

(8) 

For the case of affine group (6), which is in question in the present paper, it is 
convenient to evaluate the normalization constant C'V, defined by (4) in Fourier repre-

sentation2; the substitution 

'lf(x) =:A; J e-iCJ.U: iji(ro) dco 

and (8) into ( 4) after a straightforward calculation gives 

C =21tJ ~dCO<oo, 
"' I co I 

(9) 

while the tranform itself has the form: 

T'l'(a, b)f= C:V1
/

2 J J;;'l' ( b: t yt) dt, (10) 

f() =c-l /2JJ 1 (0)[T( b)f] dadb 
t 'I' ~ 'II a 'I' a, a2 . (11) 

2Here and after the representation U(a, b) iji(ro) = -fiCil iji(a,ro) exp (i cob) is seful to simplify calculations.· 

• 
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3 . Basic Properties 

The pair of a direct and an inverse wavelet transform (10, 11) taken together with the 
admissibility condition ( 4) still leaves us considerable freedom in the choice of analysing 
wavelet 'If. Practically, the admissibility condition ( 4) taken in the Fourier representation (9) 
means the vanishing behaviour of \ji(co) in the neighbourhood of co= 0; which can be 
redundantly satisfied if 'lf(O) = 0 is implied; the latter, in tum, means 

f 'lf(t) dt = 0. (12) 

The latter equation provides the insensibility of wavelet transform to a constant shift of the 
function in question 

[T'V(a, b)](f+ const) = [T'V(a, b)]f 

.The simplest choice of analysing wavelet satisfying the condition (12) is the so-called Haar 
wavelet: 

l 
1 for O<x< 1/ 2 

'lf(x)= -I for l / 2~x<1 

0 elsewhere . 

The Haar wavelet, being the simplest one for numeric implementation, has got a lot of 
applications, mainly in image and signal processing, which we consider later in this paper. 
The next straightforward generalization of the condition ( 12) is the vanishing momenta 
requirement 

J dxxm 'lf(X) =.0. 'V m, 0 ~ m < n; n E Z. 

This requirement gives rise to a family of vanishing momenta Gaussian wavelets [5] 

d n 2 

( ) ( I )n + I - x 12 O g x=- -e n> . 
n dxn ' 

(13 ) 

2 

In Fourier space g (co)=- (icot e- wn has a zero of order n in co= 0. 
n 

In this family the first two wavelets are most popular: g 1 (x) =- x exp (- ~ ) , which is 

antisymmetric and thus suitable for some statistical applications to be considered later, and 

the Maar wavelet gix) = (I - x2) ~xp (- x; ) , often called the «Mexican hat». 

The normalization constant C , which can be easily calculated in the Fourier space, for 
gn 

the famil'y of vanishing momenta wavelets (13) is 

C
11 

= 21t(n- I) ! 
n 

Among the other wavelets, the difference of two Gaussians 



Altaisky M. V. On Standard and Nonstandard 39 

2 2 2 

( ) 
ibX - X n _ ~2 - b /.i ibX - .X 

\jlbx=ee ='u.e ee, 

considered in the pioneering work [6] should be mentioned. 
Another property of wavelet analysis provided by (8), is that a dilated wavelet has the 

same energy as the original one 

J I i"' ( ~ ) 12 

dt = J I 'lf(t) 1
2 

dt. 

Since the energy is conserved under dilatations, wavelet analysis is equally sensitive to the 
contributions of low and high frequency bands. It is its great advantage, say in comparison 
to Gabor expansion. The dilatation parameter a here has a plain interpretation: if \jl(t) is a 

sound recorded on a tape, then a -I / 2 'l'(t /a) with a= 2 is th sound obtained by replaying 
the tape at half ~peed. · 

The (global) energy conservation law also holds: 

J lf(t) 12 dt = J IT (a, b)/1 2 da ~b . 
'l' a 

Among other properties of the wavelet transform we should indicate its property under 
scale transform: 

We should also mention that in numerical implementations the decomposition of a unity 

1 c'~' = J U(g) I'!') dflL(g) ('I' I u *(g), 
G 

which follows from general formula (5), turns out to be a sum over a discrete frame 

AI $:2.1'1'})('1') $Bl, 
j 

where A, B > 0 are some positive constants. This basis, nonorthogonal and redundant in 
general, ensures the stability of the wavelet transform: I cal perturbations of wavelet 
coefficients cause only local perturbation of the image. 

4. Applications to Signal Analysis and Synthesis : First View 

As was mentioned in previous section, the dilatation of a wavelet with a factor a= 2 
corresponds to the half speed playback of a tape or to one ctave down shifts . Evidently, 
any musical melody remains recognizable after a global shift by an integer number of 
octaves. This fact makes the wavelet transform a credible tool in acoustics, speech 
processing and music. 

For practical applications it is convenient to use some particular forms of the integral 
transforms (10), (11). Here we list these transformations following [6]. 

• 
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1. Voice transform off with respect to 'I' is a wavelet transformation (I 0) taken on the 
logarithmical scale. 

2u J (Z: )[f](b, u) = k \jl(± 2u(b- t)) j(t) dt, 
ljl 

(14) 

where = -fi1t . f r(l) dro. The scale factor 2 is chosen 
kljf In 2 ro for fast numerical 

implementation. 
The voice transform allows an elegant way to represent inverse formula ( 11) in the 

form of an octave series 

f( t) = J [(Z; f)(t, u) + (Z~ f)(t, u)] du 

n+l 

or j(t) = "' f+ + r. where f±(t) = f (Z± f)(t, u) du. £.... n n n ljl 
n=-oo n 

2. Another useful representation, which has some advantages being not expensive in 
memory space, is known as a cycle-octave representation 

ru ( c: f)(v, u) = k J 'I'(± (v- 2ut)) j(t) dt . 
ljl 

Practically, instead of basic representation (I 0), ( 14) the Fourier representation is often used 

(T ljff)(b, a)= C~ 1 12
1 a 11

/
2 f eirob \ji (roa) .i{ro) dro (15) 

and 

(Z: f)(b, u) = k;1 f eirob \ji(± 2u ro)ftro) dro, 

respectively . This provides a possibility of using FFT and FFT-like algorithms. 

5. Wavelets and Frac tals 

The best way to study any physical problem with known symmetry is to build a 
functional basis with the symmetry as close to that of the problem as possible. For this 
reason a system of spherical functions is the best one to fit the problem with spherical 
(S0

3
) symmetry, while Fourier decomposition is apt to the problems invariant under 

translations . 
The matter turns out to be even more conspicuous when one studies fractals - singular 

(nondifferentiable) self-similar objects [7]. On the one hand, the invariance under scale 
transformations (or self-similarity) is the symmetry group the WT is based on ; on the other, 
with no requirements of differentiability the wavelet analysis seems to be an ultimate tool 
to study singular objects. In standard multifractal analysis, the properties of these singular 
objects are considered in terms of a (singular) measure ~. singularity spectrum of this 
measure j(a) and the power behaviour of a partition function 
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Z(l, q) = L (1·9i - l "t(q); 

where the sum is taken over all disjoint intervals of size l, containing the points of the 
considered fractal set; (l.t)i is the measure of the i-th interval. The power behaviour of the 

partition function is characterized by some function 't(q) related to f(a) and expressed via 
fractal dimension 

D =_!(q}_. 
q q-l 

For a globally self-similar object (monofractal) D q = D0 does not depend on q 

a =f(a) = D = D V . q 0' q 
X 

To perform wavelet decomposition of a singular measure l..l.(x) = J dl..l. it is convenient to 
• . 0 

use the vanishing moment wavelet family (13). 
The measure l..l.(X) can be represented via its wavelet transf rm 

l..l.(x) = c-I /2 f da db .j....g ( x- b Jr (a, b). 
g a2 'Ia a g 

0 

An arbitrary function g(x), cannot be used as a basic wavelet - it is required to satisfy the 
admissibility condition (4). This restriction, however, is rather loose, and allows one to 
choose a wavelet within a large variety of admissible function , say from the family (13). 
This redundancy is undoubtedly of great benefit for the analysis of fractal structure. It 

provides us with a powerful mathematical microscope with magnification a -I and 
dispensable optics labelled by n. 

To illustrate this, we can consider the «devil's staircase» - a singular measure of the 
triadic Cantor set shown in Fig. I . The maxima of its wavelet transform T (a, x) 1..1.. shown in 

g 

Fig.2, exactly resemble the structure of the original set. 
Besides the graphic facilities, a number of useful theorems provide a basis for 

analytical studies of fractal objects via wavelets. Roughly speaking, the analytical treatment 
is based on the fact that the collection of all wavelet transform maxima contains complete 
information on the measure in question . 

Some useful results are listed below: 
Theorem 2 (Holshneider, [8]) . Let 1..1. be a bounded locally integrable function such 
that · 

then 

T (a, x) = O(ah + 112
) 

g 

inside the cone I x- x
0 
I :5: con st. 

(16) 
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Fig. I. <<Devil ' ~ staircase>> - a singular measure of the triadic Cantor set 
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Fig.2. Wavelet coefficients for a << devil' s staircase>> taken with g 
1
-wavelet 
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The partition function can be constructed directly on the set of wavelet 
coefficients: 

Z(a, q) = L I Tia, x) I q. 

over all maxima: {x, (a)} 

The power behaviour of the measure can be derived from this equation like free energy in 

thermodynamics 't(q) =lim In ~(a, q) . 
a~o na 

6. Wavelets in Biology 

The analysis of DNA sequences is one of the principal branches of modem cellular 
biology. It was shown in a number of recent studies lhat the distribution of nucleotides A, 
T, C, Gin a real DNA chain is a fractal one. Thus, the fractal and multifractal tools can be 
applied. Wavelet analysis is an indispensible tool in this relation. 

In general, the occurrence of a certain nucleotide in a certain position of the DNA 
chain, labeled by a length parameter l, can be described as a random process X(l, · ). Thus, 
for the case of the above-mentioned 4-letter alphabet, we deal with a probability space 
(.Q, U, P), with .n ={A, T, C, G} and a family of four random processes 

Xz = {Xp, ro); l e R, roe .Q}, 

such that 

{ 
1 if ro = z 

xp, ro) = 0 otherwise. 

Instead of calculating correlations, as was done in [9], we proceed with the integral 
measures 

s s 

IJ./s) = J xp, ro) dP(ro) dl = J diJ.z, (17) 

0 0 

which count the total number of each of the nucleotides z =A, T, C, G up to the 1-th position 
in the chain. 

Since the measures in que~tion (17) are supposed to be generally nondifferentiable, we 

first have to study their scaling behavior jl(x) -jl(x~"" I x- x0 I h. 

The extraction of the Lipschitz-Holder exponent h from the experimentally obtained 
measure is a typical problem in physics of fractals, in DNA study this was perfm;med in the 
same way, using the scaling theorem [8] for the function IJ.(l) (see eq.16) . The details of the 
method can be found in [10]; hereafter we present the main results obtained in [10] with 
the help of the g2-wavelet. 

For the DNA sequence of Chinese Hamster cells [11] with the length of 11838 
nucleotides the middle-data section of wavelet coefficients gives the scaling exponents h. 
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The logarithmic plots log2 l T
8
(a, x) I for the measures Jl , Jl , Jl , Jl are presented in a t c g 

Figs.3-6. The plots were obtained at the middle of the rang , x = 4096; however the 
m 

behaviour of the sections at other points is not seriously different. The corresponding 

Lipschitz-Holder exponents are presented in the table. 
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hA 
0.60 

hT 
0.43 

he 

0.60 

Altaisky M. V. On Standard and Nonstandard 

he 

0.53. 

These coefficients are conspicuously close to the h
8 

= I / 2 of the Brownian motion, the 

purely random process. However, the difference hz - h
8 

, where z =A, T, C, G, which has 

the magnitude of several per cent, cannot be regarded as vanishing. This difference can be 
caused by branching processes which can be clearly seen in the density plots of wavelet 

coefficients, at scale approximately equal to 27 or 28, see Figs.7-10. 

Thus, we conclude that the scaling in DNA chains does really exist. This scaling is of 
multifractal nature (see, e .g., [II)) rather than global one. 

As an auxiliary resul t, we can mention that the color-density representation of wavelet 
coefficients which proved to be a powerful tool for the analysis of general fractals seems 
to be of great use for identifying branching processes in nucleotide chains as a computer 
graphic tool. 

7 . Wavelets in Nuclear Physics 

Up to now the most common applications of WT belonged to either turbulence data 
analysis, where scaling is an inherent feature of fluid physics, or to image processing, 
where the singularity detection and local reconstruction are significant. 

Recently a lot of interest was attracted to possible applications of wavelets in both 
theoretical and experimental nuclear physics. The main merits of wavelets valuable for 
experimental data processing are : 

Firstly, since the works of Zimin, WT proved to work efficiently in situations 
where cascade pr"ocesses play a significant role . Therefore, if the measure J.L(x) 

describes an event number at a certain point x, (x E R 3 in general), then the search 
for jet events can be performed with the aid of WT, in a way similar to the «devil' s 
staircase >> singularity reconstruction (See, e.g., [7, I 0] for details) . 

In the simplest one-dimensional case, x E [0, 21t] can be taken for the angular 
coordinate of the detector ; the WT can be regarded as a microscope with variable 
angle resolution . 

Secondly, if x is regarded as time (or energy), WT works as a tool for studying 
time (or energy) scaling of the process described by time (or energy) event density 
J.L(x) . 

Thirdly, being local in both x and Fourier space, WT can provide more information 
in spectral problems, wh.ere Fourier methods fail or work insufficiently. 

The contributions of different frequency bands to WT are kept reasonable 
separated. This separation is achieved with quite insignificant loss of resolution in 
time variable (if a signal is considered). That's why the reconstruction is «robust>> 
in the sen se of being stable under small perturbations, which enables one to 
distinguish between «useful>> low bands (in Fourier space) and contributions of 
close high freque ncies w

1 
- w2 == 0 usually generated by noise. 
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From the theoretical point of view the possible applications of wavelets are even more 
appealing, since the wavelet transform is based on the scaling symmetry - one of the most 
important symmetries in physics. Here we mention a few facts related to self-similarity 
which could be studied with the help of wavelets [12]: 

Local Parton Hadron Duality [13], i.e. , the similarity between momentum spectra 
of hadrons and those of partons. This similarity, which is closely related to n­
parton correlations and multiplicity moments behaviour in phase space, has been 
studied in [14] . · 

The fractal behaviour of final multiparton states [~6] was studied by several 
authors. They calculated the fractal dimension directly from multiplicity 
distribution moments and study the entropy of secondary particles 

S=-~ P lnP , k.. n n 
n 

where P is the probability of having «n» produced particles in the final state [ 17]. They 
n 

found the scaling behaviour, but, as the method was rather rough (see [7] for the 
shortcomings of the fractal dimension calculations without wavelets), rare, but interesting 
events could be lost. 

Recently , fractal analysis of multiparticle production in hadron-hadron collisions 
has been done by other authors [15]. 

All these studies evidently admit the application of wavelet transform. Recently, the 
wavelet transform as an image processing method was also applied to separation of 
secondary particles:K-mesons, in particular) in d +Au interactions. Following [ 12], here we 
describe the method and results . 

7 . 1. Secondary Particle Separation as an Image Rec gnition Problem 

7.1.1. Problem. The wavelet method has been applied to the processing of time-of­
flight vs. energy data plots obtained from d +Au ~ ... - reactions in experiments carried 
out at the Nuclotron using the internal target at a deuteron momentum of 3.8 GeV/c in 
March 1994. 

In Fig.12 the mass spectrum of the primary data obtaine by standard method of 
comparing the time of flight and the energy 

-v 2 2 ~=~=l_ = E -m 
c tc E2 

(18) 

is presented. 

Due to the presence of both 7t-mesons and protons (E- 250 MeV), which dominate in 
the central region of the E vs. TOP plot, Fig.11, it is difficult to distinguish other events in 
this region. Besides, high energy protons (E > 4QO MeV) due to d creasing energy loss give 
a contribution mainly to the low energy region about 200 MeV. 
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7.1.2. Algorithm. The main idea of implying a wavelet analysis to investigation of 
events in nuclear and high energy physics is to use its good properties in separating events 
from noise. Using wavelet one can look at experimental data with various resolution. This 
can be used to search for tracks of particles and different kinds f events, etc. 

To use a multiresolution analysis [18] one should choose a family of closed subspaces 

V c L 2(R), m E Z, such that 
m 

1. .f(x) E V m ¢:::!> .ff..2*x) E V m _ 1 

2 . . . . cV2 c V
1 

c V0 c V_
1 

c V_2 c .. . , 

nV = 0, uV = L2(R) m m 

· 3. there is a <p E V
0 

such that its linear integer translations <p~(x) = <p(x + n) constitute 

a basis in V
0 

(consequently, functions <pm constitute a basis in V ), 
n m 

4. there exist 0 <A ~ B < oo, such that for all (c ) · z E l 2(Z), 
nne 

A " I C 1
2 ~ II " C <i>mll 2 ~ B" I C 1

2
. ~ n ~ n n ~ n 

n n n 
The orthogonal projections of a function which we analyse on a chain of subspaces 

V m represent snapshots of this function with different resolution. Choosing an appropriate 

basic function <p, one could select different kinds of snapshots. 
To make the decomposition close, one should also define a chain of subspaces w m 

orthogonal to V m' such that 

Vm-I=VmEBWm . (19) 

The coefficients of a projection on V and W are 
m n 

sm = J j{x) <pm(x) dx, d m = J .f(x) ~(x) dx, 
n n n n ._ 

(20) 

where in a discrete case a sum is implied. For the simplest case of the Haar wavelet the 
basic functions are: 

<pl(x) = k ; ,k 
· { IIji-I / 2 forxe I . 

k 0 elsewhere, 
(21) 

. 12-j/ 2 for2j(k-l)<x<2j(k-1 / 2), 
wt<x)= -2-j / 2 for2j(k-1 / 2)~x<2jk, 

0 elsewhere 

(22) 

If denotes the supporter of j-th level basic functions 

I
1
= Ij = [2j(k- 1), 2jk]. 

The approximate reconstruction formula has the form 

p f=" sm <pm.f." dm ~-
m ~nn~nn (23) 

n n 
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In our two-dimensional problem we used a pyramidal scheme with a basis taken in the 
form of a tensor product 

hl x J= ('1', E9 <t>, ,) ® ('I'J E9 <t>r), 

or explicitly, {h 1, h2, h3 } = l'l'ix) \jll'(y) , 'l'ix) <p1 ,(y), <pix) \jl/'(y)} . The corresponding 

coefficients can be easily derived from formulae (20): 

j+l j j j j 
5k k - 52k -I 2k - 1 + 52k -I 2k + 52k 2k -I + 52k 2k 

..r ' .\' x ' y x ' y x' y x' }' 

dj +I j j j j 
(I); k, k - 52k - I , 2k -I - 52k -I, 2k - 52k, 2k -I - 52k , 2k 

X)' X )' X )' X)' X y 

dj +I j j j j 
(2);k , k -s2k -1.2k -l- 52k,2k -I +s2k -1 ,2k -s2k ,2k 

X)' X )' X _Y X )' X _'I} 

d
j +I j j j j 
(3) ; k,k - s2k -1 , 2k -I +s2k,2k -l- 52k -1,2k -s2k , 2k' 

X_\' X y X_\' X y X)' 

where i stand for the primary data. 
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7.1.3. Results. The primary data E-dt-plot is shown in Fig . !! . The X-axi s 
corresponds to ADC channel numbers, Y-axis to TDC ones. (Both axes are scaled by factor 
4 ). In this plot, against a noisy background we can distinguish two contrast regions: the 
upper one, which corresponds to secondary protons, and the lower one, which corresponds 
to 7t-mesons. 

To clear out the contribution of the dominating processes we performed the wavelet 
analysis. Having calculated the wavelet image (the Haar wavelet was used) of the initial 

data plot we substracted the central domain, in which d (2) coefficients (See Fig. l4) 
practically vanish. 

The resulting mass spectrum is presented in Fig.l5 . We identify the central peak near 
500 MeV, clearly disting uished in mass histogram,with the K-meson contribution. 

Besides, sequentially scaling the picture, we can clearly distinguish 4 regions: 

upper right region: secondary deuterons 

two above-mentioned regions 

a K-meson branch . 

7.2. Fitting Distr i butions with Wavelets 

7.2.1. Problem. A typ ical problem of experimental nuclear physics is that of separating 
several Gaussians which contribute to the same experimentally obtained spectrum. Usually, 
to cope with this problem , some parametric methods evolving numerical minimization are 
used . Wavelet decomposition provides a nonparametric method to separate the contributions 
of several Gaussians [20]. 

Let us consider an approximation of an experimental data distribution, e.g., a number 
of particles per channel vs. energy, by the sum of finite number of Gaussian sources 

Nk [ (x-i )
2

] f (x)=L,~exp- c?.n , 
exp ""V27tcJ. 2 

k k k 

where L, Nk = N is the to tal number of registered particles . 

k 

(24) 

If we suppose that f~ xp(.r) is a square-integrable function, the solution of the equation 

k 2] Nk (x-xm) =0 
f (x)- L c==r exp [ - 2cr2 

exp k 'J 2rr.ak k 

can be found analyticall y . Let us · start with a single gauss distribution 

N [ x

2

] fgauss(x) = ..J:rr.cri: exp - 2cri: ' (25) 

where, without loss of generality , we set .r 1 = x = 0 . 
~ ''' 
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Instead of calculating different moments of the probability distribution we perform 
wavelet decomposition of the spectrum in question. Since we are going to analyse Gauss 
distributions, it is natural to choose the analysing function g - t e basic wavelet - from 
the family of vanishing momenta wavelets (13). 

It should be mentioned, that g0(x) does not fit the problem, since c g = oo and the invers~ 
. 0 

transform (11) is not defined for this case. This fact hints that the direct decomposition of 
f into the sum of Gaussians is not unique, and hence the problem requires more general exp 
system of basic functions. 

Prior to study distribution functions with the family of wavelets (13), let us recall some 
useful formulae 

· 1. The Fourier transform of the g family is 
n 

2. We can define a formal generating function for the wavelet family g 
n 

g(s, k) = exp (iks- e /2), 

such that 

gn(k) =-(! J g(s, k) l·s = 0 . 

(26) 

(27) 

For a single Gaussian distribution (25), to calculate the convolution (1 0) for an 
arbitrary basic function from the family g we use the generation function (26): 

n 

(Tg/gauss)(a, b)=-(! J (Tg/gaus)(a, b) l·s = 0, 

where g stands for g(s, · ). Substituting ( 15) into the latter equation, we obtain 
s 

(T g )(a,b)=N...J
2

a jdkexp(ik(b+as)-k
2

2 

(a2 +~)J= 
g gauss 1tC 

5 g 
.f 

[ 

(b + as)
2

] exp -

=N~ ~ ~(a';u') . 
c a + 

K, 

(28) 

(29) 

The formal normalization constant c should be replaced by concrete c after taking the 
g' gn 

derivatives. 
7.2.2. Single Source Distribution. The simplest way to find the distribution parameters 

for the case of a single Gaussian source is to use the coefficients of its g
2 

decomposition. 

Eq. (29) for n = 2 leads to 
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\j!j- _a_ 1--- ex - . (30) _ II J ; 2 [ b2 ] [ b
2 l 

(Tg
2 
/gauss)( a, b) = N 21t ( a2 + d2 a2 + d2 p 2(a2 + cr'l) 

Taking the derivative a I a of equation (30) at the central point b = 0 we find the extremum 
a 

of the g2 coefficient at a scale 

a =..J5cr. 
m 

(31) 

The value of wavelet coefficient at the extremal point is 

(T f )(a 0) = N 55/46-3 / 2 = N (1 J3 / 2 
g gauss m ' ~21tcr ~ 6 

2 m 
(32) 

Thus, performing the convolution (I 0) numerically and finding the maximum of the g2 

wavelet coefficient we obtain the dispersion and amplitude of original distribution. 

7.2.3. The Distribution with Two Sources. If the distribution is a sum of two Gaussians 
and the localization at least of one of them is known, we can find the other with the help 
of g 

1 
wavelet. 

Without loss of generality we write the analysed function in the form 

No i Nl [ (x-x )2)] j(x)=~exp[-~]+~exp - ; . 
\'21tcr(j 20() \'27tcrj 2 I 

(33) 

Let us consider the g
1
-wavelet coefficient at x=O. Since the first term of r.h.s. of (33) is 

symmetric, whether ·g 
1 
(x) is antis"ymmetric under the reflection x ~- x, the coefficient 

(TK f)(a, 0) depends on the second term of (33) only . 
I 

Explicitly, 

x a J/2 [ x

2 l (T, f) (a,O)=N1 r:::-2
m [2--::2 exp - 2 m <i . 

.~ 1 'JL1t a + <J." 2(a + ) 
· I I 

. (34) 

Thus, knowing (T,. f)(a , 0) we can determine N
1
, cr1, xm. 

•' I 

The transformation with the g 
1 

basic wavelet is practically useful when we are looking 

for a Gaussian distribu tion with a center located apart from a certain point x
0

. In this case, 

since g ~ (x) is antisy mmetric, the local Gaussian fluctuations located at x
0 

give no 

contribution to (T, f)( a, x0). The extremal condition with respect to the scale variable a 
.~I 

a(T f)(a, 0) 
K 

I =0, 
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can be easily derived from (34 ), where x
0 

= 0 without loss of generality. This leads to the 

biquadratic equation 

which has a real positive solution 

~ 1 +..J1 +9(cr/x)
4 

a =x 
extr 3 (35) 

. 7.2.4. Practical Application. Practically, the method was ap lied to test the energy 
spectrum of plastic scintillators produced in Dubna for the NEMO experiment [21]. The 

electron energy resolution was measured with radioactive source 207Bi emitting 569 keY 
and 1063 ke V y-quanta and the corresponding internal. conversio (l() electrons with the 
energy 481 ke V and 978 ke V. 

A typical data sample, produced by a standard source with the coincidence measure 
method, is shown in Fig. l6. The spectrum (the total intensity) contains the contributions of 
K, L, M, N electron lines, and an unknown background. 
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Fig.16. NEMO experiment. The electron ((nergy spectrum registered in plastic 
scintillator test 
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wavelet coefficient for the energy spectrum 

Visualizing the wavelet image of the raw data we obtain a clear picture of the whole 
process with distinguished local maxima on the scale-versus-coordinate plane. For 
sufficiently distinguished peaks relation (31) provides a direct method of calculating 
without any numerical fit. For more complicated noisy data the method provides 
visualization of local maxima - possible sources of Gaussian distributions . The main 
advantage of wavelets, appearing even for the case of visually unseparable Gaussian peaks, 
is that we can see the same picture at different scales simultaneously and look for the 
sources according to the scale behaviour of wavelet coefficients. Besides, using two 
different wavelets, symmetric and antisymmetric, say g2 and g 

1
, we can make a recurrent 

procedure based on formulae (32,34 ). 
The plot of the wavelet image of these data is shown in Fig. l7. The X-axis corresponds 

to the electron energy (in channe.ls); the Y-axis corresponds to the 2 1 I 4 based scale. 
All fhe local maxima can be clearly seen on the plots . For the sufficiently separated 

peaks the energetic resolution ( cr) of the peak can be directly determined from equation 
(31 ). 

Since the statistics is not high enough, it requires both experimental knowledge and 
efficient data processing methods to get statistically valuable results from the existing data. 
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8. Conclusion 

Wavelet analysis, which has been proved to be an efficient to I in all kinds of signal 
processing, seems to be even more promising in nuclear physics. There are several reasons 
for that: 

Being a robust integral transform, wavelet analy is does not require 
differentiability of the function in question and is stable under local perturbations. 
That is why it directly (without any preliminary smoothing) provides information 
about singularities and self-similarity, if they are present in experimental data. 
It is natural to define wavelet transform directly on probability space (and consider 
differentiable functions as a particular case) - thus w have a nonparametric 
statistical method [22] . 
Wavelet analysis can be used in theoretical nuclear physics and provides a self­
similar basis in Hilbert space of state vectors [23]. Thus we have a new bridge 
between observed statistical properties of qual! tum systems. and their immanent 
quantum properties. 
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DESIGN AND STUDY OF LIGHT READOUT SYSTEM 
FOR SCINTILLATOR SHOWER MAXIMUM DETECTOR 
FOR THE ENDCAP ELECTROMAGNETIC CALORIMETER 
FOR THE STAR EXPERIMENT AT RHIC 

G.Averichev, N.Moroz, Yu.Panebratsev, E.Potrebenikova, 
S.Razin, G.Skoro, V.Yurevich, I.Tsvetkov 

The possibility of using a strip/fiber-type shower maximum detector (SMD) in the endcap 
EMC for pp, pAu and AuAu collisions was investigated by simulation. lt is shown that strip~ 
type SMD is a good option for pp and pAu collisions, but is not suitable for AuAu. The 
compact module of 16 tiny Russian photomultipliers with one HV power supply channel is 
realized as a unit of a light readout system of the SMD. 

The investigation has been perfomed at the Laboratory of High Energies, JINR. 

PaJpa6oTKa H HCCJie,IloBanue cucTeMLI 

CBeTOC6opa CQHHTHJIJIJIQHOHHOrO ,IleTeKTOpa M3KCHMYM3 

JIHBHJI TOpQeBOro 3JieKTpOM3rHHTHOrO KaJIOpHMeTpa 

ycTaHOBKH STAR ua ycKopuTeJie RHIC 

r.A8epuru8 u op. 

nyreM MO,!IeJutpOBaHHll pp-, pAu- H AuAU-CTOflKHOBeHHii HCcne,!IOBaHa BOJMOlKHOCTb 
HCnOflbJOBaHHll ,!leTeKTOpa MaKCHMyMa flHBHll CTpHnOBOTO THna B TOpl.leBOM 3fleKTPOMantHTHOM 
KanOpHMeTPe. noKaJaHO, qTO ,!leTeKTOp MaKCHMyMa flHBHll CTpHnOBOTO THna MOJKeT 6biTb 
HCnOnbJOBaH ,!lflll pp- H pAU-CTOflKHOBeHHH, HO He npHTO,!IeH ,!lflll AUAU-CTOflKHOBeHHii. ,!lnll 
CBeTOC6opa C ,!leTeKTopa MaKCHMYMa flHBHll pa3pa60TaH H COJ,!IaH KOMnaKTHbiH MO.!IYflb, 
COCTOllll.IHH HJ 16 MHHHaTIOpHbiX pyCCKHX cpOTOYMHOJKHTeneii C e,!IHHbiM BbiCOKOB?JibTHbiM 
nHTaHHeM. 

Pa6oTa BbinOnHeHa B na6opaTOpHH BbiCOKHX 3Heprnii 0115111. 

1. Introduction 

The investigation performed by the IHEP group indicates that scintillator strip/fiber­
type shower maximum detector (SMD) [1] is a good option for the barrel electromagnetic 
calorimeter for the STAR experiment [2]. There [1] has been tested only one photoreceiver 
- Russian ·photomultiplier FEU85. We have continued investigations in this direction with 
the goal to find a new compact module type sheme of light readout based on low-current 
tiny Russian photomultipliers. In this case only one, HV channel of a standard power supply 
source should be enough to feed one light receivers module. 
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We would like also to reply on the question whether it is possible or not to use a 
scintillator strip type endcap SMD not only in investigations of polarized proton collisions 
at RHIC but in study of pAu and AuAu collisions as well. For this purpose we have carried 
out Monte Carlo simulation. 

The proposed endcap EMC is a lead-scintillator sampling calorimeter. The inner and 
outer edges of the endcap EMC subtend polar angles of 0= 15.4° and 0=38.3°, 
respectively, and it will cover the rapidity range from 1.0 to about 2.0. The space available 
for the endcap EMC and its electronics ranges from Z = 2712 to Z = 3087 mm, with Z along 
the beam direction, and covers radial range from r = 774 .8 to r = 2460 mm, respectively. 

It is proposed that the SMD will be placed into the endcap EMC at a depth of 
5 + 7X

0 
into 2.5 mm gap. It will consist of ~<p = 30° sections each of which includes two 

sets of scintillator strips, placed perpendicularly each to another and oriented at 45° angle 
to the center line of the section. The light readout from each strip will be done by means 
of wavelength-shifting (WLS) fiber, mounted in a groove of the strip and connected by 
clear fiber (about 3m) to a photoreceiver (PMT or avalanche photodiode). 

2 . Monte Carlo Simulation 

The Monte Carlo program GEANT 3.15 with a I MeV cut for y's and electrons was 
used to study EM showers, and HIJING model event generator has been used to describe 
proton-nucleus and nucleus-nucleus collisions. 

Figure I shows rapidity distribution of y's and hadrons in pp, pAu and AuAu collisions 
at an energy of 200 GeV/nucleon. The distributions of energies of direct gammas and 

gammas from 1t
0 decays in acceptance of endcap EMC are presented, too. It is seen, that 

main background in SMD is related with 1t
0 channel of y production. The number of y' s in 

the SMD acceptance is about 800 in central AuAu collision and about 10 in central pAu 
collision. 

The y-initiated showers are symmetrical with respect to the line of flight of the primary 
y. In Fig.2 are shown transverse profiles of 15 GeV y shower in the first and the second 
plane of SMD, placed into endcap EMC at the depth of 5X0's about the position where the 

maximum development of shower occurs. To identify the single shower the scintillator 
strips must have the. width not larger than 12 mm. The IHEP group data confirm our results 
[2] . We use I em width scintillator strip in our investigations. 

In Fig .3a are shown the charged particles multiplicity distribution on the first SMD 
plate for the central pAu and AuAu collisions. Referring to Fig.3b, where is presented the 
energy deposited in SM D scintillator vs. distance from the center of SMD, one can see that 
about 75% of the showers are in the central area 75 em< R < 160 em. This area contains 
about' 600 y's (AuAu collision case). In Fig.4 is shown the energy deposited in the central 
5 em wide ring of SMD vs . azimuthal angle for 6°, 3° and I 0 / per bin . The one 3° bin 
contains -3 strips and covers an area of about 40 em. This area contains only one shower. 
It is seen that using 3° azimuthal bin the showers could be separated. The 75 em< R < 160 em 
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Fig. I . The pseudorapidity distribution of y' s and charged hadrons in pp, pA and AuAu collisions at 
200 GeV/nucleon 

ring contains about 100 strips per 30° sector, so we have -1.5 y's per three strips. Then, we 

can conclude that the strip-type SMD is not suitable for separating the showers from AuAu 

collisions. 
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3. SMD Prototype Design 

Following by results of our simulations and experimental study [2,3] the optimal 

thickness of scintillator strip is 4 + 6 mm and its width is 10 + 12 mm in order to obtain 

needed position resolution. We used a scintillator strip of 10 mm width and 4 mm thickness 

in our studies. In this case the full SMD will contain about 5300 strips. The SMD strips 

were read-out with wavelength-shifting fibers. The light collected by WLS fiber is 

transported via a long clear fiber to photodetector. The scintillator and the WLS fiber were 

wrapped with an aluminum foil. The hodoscope's scintillator plane of prototype contains 

16 strips. Our investigations, the results of which are given in the ext chapter, show that 

compact Russian photomultipliers like FEU-162, FEU-96 and FEU-60 with the gain more 

than 105 and quantum efficiency of photocathode about 15% can be used in SMD as 

photodetector. The high resistance dividers of the PMT's with ab ut ·tOO 11A current are 

used. The tested photomultiplier's specifications are given in Table 1. It allows us to use 

only one 2mA high voltage power supply channel for 16 phototubes module of the SMD 

and significantly reduce the cost of production of the HV power system. The two stage 

amplifier with the total gain about 103 is used for getting the suitable PMT pulse height. 

As an amplifier unit we used the Russian charge amplifier chip «Garantija» with the 

maximum gain about 102
. The electronics components of the first amplifier cascade is 

placed just at the PMT divider board to reduce a noise. The photomultipliers operate at the 

nominal anode voltage -IOOOV (FEU-60, FEU-68, FEU-85) and -1 500 V ( FEU-96, FEU-

162). 

The prototype module of 16 photomultipliers has the size 12 x 12 x 30 em. The total 
number of modules (324 units) for the hole SMD will have the size 216 x 216 x 30 em. The 
prototype module is shown in Fig .5. 

Table 1 

Parameters FEU-85 FEU-162 FEU-96 FEU-60 FEU-68 

Diameter, mm 30 22.5 22.5 15 15 

Length, mm 107 75 .0 75.0 70 70 

Photocatode type Sb-Cs Sb-Na-K-Cs Sb-K-Sc Sb-Cs Sb-Na-K-Cs 

Quantum efficiency 10 15 15 10 15 
(A= 480 nm), % 

Gain -106 -105 -105 -105 -104 

Current divider, f.lA 100 100 100 100 100 
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Fig.5. The phototype SMD module of 16 photomultiplier 

4. The PMT Test E xperimental Set- Up 

A number of tests have been performed with Russian photomultiplier FEU-60, FEU-68, 
FEU-85 and FEU-162. Figure 6 shows a schematic view of the experimental set-up and 

logic of the measurements. 

A WLS fiber BCF-91 A with diameter of I mm, (A= 480 mm) was used. A clean fiber 

BCF-91 8 had length -1 m. The thickness and the width of the scintillation strip were 4 mm 
and 10 mm, respectively. Data were taken with Ce-144 source. The gate of ACD was -60 ns 
and have been produced by coinCidence of Monitoring Counter (FEU-87) and Coinciding 
Counter (FEU-87) signals. The threshold of Monitoring Counter was about 400 keY and 
defined the low level of scintillator light. 

The Coinciding Counter threshold was as low as possible in order to detect all electrons 

passed through scintillator strip. 



Averichev G. et al. Design and Study of Light Readout 69 

Test. 

Fiber Ce-144 

Count.~-\~--•••1!!!! .... 
Scintillators~C. ..__ ____ __, 

om c. 

Count. 

~~ 
I Coinc. I 

inp.ADC strobe ADC l inp.ADC 

Fig.6. The experimental set-up and logic of the test measurements 

The testing PMT were placed one by one in turn into Experimental Counter area so 
they have the equal optical conditions. 

5. Results 

At first, we have repeated the IHEP test of EU-85 . Pulse heights measured with FEU-
85 are shown in Fig.7. One can see that our results are in good agreement with IHEP data 
and we can conclude that our optical chain works right. 

For PMT FEU-85, which has a gain of about 106
, we obtain - 2.5 photoelectrons per 

MIP. Figures 8a, 8b and 8c show the results of test for FEU-162, FEU-96 and FEU-60, 

respectively . They have a gain of -105. The total gain of read-o t electronics was 120 
(FEU-162), 80 (FEU-96) and 80 (FEU-60). In the case of PMT FEU-85 it was -20. The 
ADC pulse heights distribution for FEU-68 is shown in Fig.8d. 

The results of our PMT tests are summarized in Table 2. 

One can see that the photomultipliers with gail~ more than I 05 are suited for using as 
photoreceiver in SMD. 
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Table 2 

PMT PMT gain read-out gain Np.e./ MIP 

FEU-85 - 106 20 y2.5 

FEU-162 -105 120 -1 

FEU-96 -105 80 -1 

FEU-60 -105 80 -1 

FEU-68 -104 450 -0.7 
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Fig.7. The ADC pulse heights distribution measured with FEU-85 
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Fig.8. The same as in Fig.7 for the FEU-162, FEU-96, FEU-60 and 
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6. Conclusions 

71 

The possibility of using a strip/fiber-type shower maximum detector (SMD) in the 
endcap EMC for the STAR experiment at RHIC for pp, pAu and AuAu collisions was 
investigate by simulation. It is shown that strip-type SMD is a goo option for pp and pAu 

collisions, but is not suitable for AuAu . The compact 12 x 12 x 30 em module of 16 tiny 
Russian photomultipliers with one HV power supply channel is re lized as a unit of light 
readout system of the SMD. 
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A STUDY OF MULTIPARTICLE AZIMUTHAL CORRELATIONS 
IN HIGH ENERGY INTERACTIONS 

V. V.Belaga, G.M.Chernov 

Genuine multi particle azimuthal correlations between secondary charged particles produced 
in hadron-nucleon and hadron-nucleus collisions at p0 = 200-400 GeV/c and in nucleus-nuc-

leus collisions at p0 = (2.5-4.5)A GeV/c have been studied using a new formalism. These 

correlations are observed for all types of charged secondarie.s and in all type£ of interactions . 
The meaning of obtained results and capabilities of suggested technique are also discussed at 
a semi-quantitative level. 

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

lhyqeuue MHOroqaCTHqHbiX 33HMYT3JibHbiX KOppeJIJII.(HH 

u coyJ.:apeumix c 6oJiblllOH 3Heprueu 

B.B.lieJlaza, F.M. qepno6 

C UOMO!UhiO HOBOrO cpOpMaJJHJMa HJ}"'aJIHCh HCTHHHhle MHOfOlJaCTHlJHhie aJHMYTaJihHble 
KOppeJiliUHH MeJK.Jl)' BTOpHl!HhiMH JapliJKeHHbiMH lJaCTHUaMH B <mpOH-HYKJIO Hh!X H <mpoH-ll,!lep­
HhiX coy.11apeHHl!X npn p0 = 200-400 f::JB/c " B ll.!lpO-ll.!lepHhiX coy.11apeHHliX npn 

Po = (2,5-4,5)A f38/c . TaKHe KOppeJiliUHH 06HapyJKeHhl AJill BCeX THUOB BTOpHl!HhiX Japl!JKeH­

HhiX lJaCTHU H BCeX THUOB BJaHMO,!Iei-icTBHH. Ha UOJIYKOJIHlJeCTBeHHOM ypOBHe o6cyJK,!IeHbl JHa­
lJHMOCTb UOJI}"'eHHbiX peJyJihTaTOB H BOJMOJKHOCTH npeAJIOJKeHHOH TeXHHKH aHaJJHJa. 

Pa6oTa BhinOJIHeHa B Jla6oparopnn BhiCOKHX 3Heprnii OIUIH. 

1. Introduction 

The necessity of studying the correlation and fluctuation properties of secondary par­
ticles created in multiple particle production reactions at high energies arises from the fact 
that their simplest characteristics, such as multiplicities or one-particle distributions, reveal 
a low sensitivity to the choice between various theoretical approaches to the theory of 
strong interactions. This topic has become very popular, mainly d e to the advances that 
have recently been made in understanding the internal dynamics of multiparticle processes. 
This has come about with the analysis of various kinds of correlations and fluctuations [1] 
and also because of its obvious relation with the very important pr blem of the search for 
and study of the new hypothetical collective phenomena in particle and nuclear physics. 

Correlations between «longitudinal» character_istics (such as rapidities, pseudorapidi­
ties, etc.) of secondary particles are considered most often in theoretical and experimental 
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works devoted to this problem. At the same time, the study of azimuthal correlations has a 
great advantage in that they do not depend on strong pseudocorrelation effects caused by 
nonuniformity of the events forming the inclu sive or semi-inclusive sets under stud y [2] . 

Strictly speaking, at present, only the production of resonances, quantum effects asso­
ciated with the identity of particle, and jets arising in hard QCD processes are well-estab­
lished dynamic factors that lead to correlations among particles produced in multiple pro­
cesses. At the same time, although a number of additional interesting physical phenomena 
have long been di scussed in the literature, the questions concerning the existence and pro­
perties of these effects remain unanswered . Among them, for instance, «heavy» unstable 
intermediate objects (that cannot be reduced to known resonances), effects of a «collective 
flow » type and some other collective properties of quark-gluon, hadron or nuclear matter 
may be mentioned. One of the reasons behind this situation is that the number of works 
devoted to the search for genuine multiparticle correlations is obviously unsufficient. 

In this report, we present the first results obtained by applying some general methods 
for analyzing genuine multiparticle azimuthal correlations between secondary particles from 
hadron-nucleon (hN), hadron-nucleus (hA) and nucleus-nucleus (AA) collisions at high ener­
gies . We will not be concerned with the usual two-particle azimuthal correlations based on 
the relative azimuthal an gles 

£; =arccos (PrPr I PrPr) =arccos (<p;- <p .) 
J ; j ; j J 

(here Pr and <p are the tran sverse momentum and azimuthal angle of the particle, respec­

tively) and their characteristics, nor with the so-called global variables of the events (such 
as sphericity , coplanarity, directivity, etc .) that give only indirect information on the cha­
racter of azimuthal cor relations between the particles . Tests of the above-mentioned 
methods show that they may turn out to be an efficient tool for studying final multiparticle 
states of multiple production reacti~ns and nuclear multifragmentation at high energies. 

2. Me th o d o log ica l As pec ts 

Recentl y, the fo ll owmg random variables characterizin g the azimuthal correlations of 
arbitrary order were suggested : 

(i) the mmtmum length of the azimuthal interval contamrng an arbitrary number 
k(2 ::> k ::> 11) of o rdered azimuthal angles, i.e., the differences (or «spacings») [3,4] 

"'i + k- I I l
tn - <p ., 

(11 ) - - <p 
\jlk - 1 - 21t+<pi+k-l - ll i' 

of the order (k - I): 

l::>i::>n-k+l, 

n-k+l<i:':>n (2) 

(ii) the di spersion of the <p-di stribution of the same subgroups of charged partic les 
15.4] 
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i+k-1 

I <cpl- <tt))2 
l<k- 1), 1 ~ i ~ n- k + 1, 

l=i 

(3) 

l=i 
i+k-1-n 

+ L (21t + <p1 - <Pkn))2] / (k - 1 ), n-k+1<i~n 

I= I 
i+k-1 

where <Pin)= L <p/ k, etc. The second terms in Eq .(2) and Eq.(3) are introduced for 
l=i 

symmetrization over the full azimuthal circle; 
(iii) the geometric average of the relative angles (Eq.(l)) fort e subgroups containing 

k nonordered particles [6,7] 

( 

M ]1/M 
(n)-

f.k - rr. f.ij • 
l <j 

M = k(k- 1)/2. (4) 

All the statistical characteristics of the mentioned variables can be found for inde­
pendent emission of the particles (or in zero approximation, when all correlations are 

absent). For instance, for the first of them, 'l'kn~ 1 [3]: the distribution density is 

./{ (n) ) = (2 )1-n (n- 1)! .. .k-1(2 _ )n-k-1 
'~'k-1 7t (k-1)! (n-k-1)! 'I' 7t \jf ' 

the moment generating function is 

m(t) = <l>(k, n, 27tt) 

(where <I> is the hypergeometric function), and the moments of ar itrary order r are 

v = d'in(t) I = (27t/ (k + r- 1)! (n- 1) ' 
r dtr t=O (k-1)!(n+r-1) ' 

The simplest of the moments are: a) the expectation value 

( 'lfkn~ I ) = v1 = 21t(k- 1) / n (5) 

and b) the standard deviation of the 'lfkn~ 1-distribution 

cr ('l'(n) ) = (v - v2)1 /2 = (27t / n) [ k(n - k) ] I / 2. 
o k-1 2 I n+1 (6) 

Eq.(5) is trivial because we have L ('l'kn~ 1) = 2(k- 1) 1t in any case. O"('lfkn~ 1) can be used, 

however, as a measure of multiparticle azimuthal correlations since any deviation from the 
value given by Eq.(6) means that the statistical independence of the angles <p has been 
violated, i.e., there are correlations between them. The zero approximation expectation 

2 

value and standard deviation of the second variable, crin) , are equal to 
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2 

( oin) ) = ,;(k +I) (k + 2)/[3n(n +I)] (7) 

and 

<J (<J(n)
2
) = (7t2 / 3) [ (k + I) (k + 2) X 

0 k k(k- I) n(n + I) 

X ( (k + 3) (k + 4) (5k
2

- k + 6) _ (k- I) k(k + I) (k + 2) ) ]I / 2, (S) 
5(n + 2) (n + 3) n(n + I) 

respectively [5], etc. ------
The formulas presented above are written for fixed n. They c~ \eralized 

for inclusive sets of events by using normalized quantities . For exa, ' 'l'kn~ 1, 

we considered 

cl>(n) = ('l'(n) _ ( 'l'(n) )) / <J(\jl(n) ). 
k-1 k-1 k-1 k-1 

The expectation value and standard deviation of cl>kn~ 1 are exactly eq 

pectively, in the case of the independent emission of the particles undt 
any deviations from these values mean the existence of some kind of cc 

3. Experimental Data and Results 

As a first approbation of the above methodology, we carried out a st 
particle azimuthal correlations in six inlcusive sets of hadron-nucleon (M 
nucleus (hA) collisions at primary momenta of 200 and 400 GeV/c and i1 
nucleus-nucleus interactions at primary momenta of 2.5-4.5 GeV/c per nut 
experiments were carried out under identical conditions with the help of t 

technique. The data on the statistics· of the events in these sets are presented 1 
below, which also gives references to the papers containing detailed infonna, 

Table 

Projectile Target p0 / A, GeV / c Accelerator Numb. of events 

p N 200 Fermilab. 1293 

p Em 200 Fermi lab. 1626 

lt- N 200 Fermilab. 1397 

lt- Em 200 Fermilab. 5116 

p N 400 Fermi lab. 1061 

p Em 400 Fermi lab. 3484 

t2c Em 4.4 JINR 1717 

t4N Em 2.9 LBNL 1027 

22Ne Em 4.1 JINR 4070 

S6Fe Em 2.5 LBNL 1890 

(9) 

res-

)re, 

Re. 

[8) 

[8) 

[9] 

[9] 

[10] 

[II] 

[12) 

[13] 

[14] 

[15] 
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experimental conditions and various 
general characteristics of the events 
(multiplicities, single-particle distri­
butions, etc.). 

A search for multiparticle corre­
lations was carried out for relativistic 
charged (s) particles from hN and hA 
collisions and for all types of charged 
secondaries - shower (s), «gray» (g) 
and «black» (b) particles from nuc­
leus-nucleus interactions. Division of 
the chc:)rged particles into mentioned 
types was made according to usual 
emulsion criteria. 

3.1. hN and hA Collisions at 
p

0 
= 200-400 GeV/c. Figure 1 shows, 

as an example, the values of the stan­

dard deviation O{ljlkn~ 1) of the distri­

bution in the normalized minimum 
length of the interval containing k 
neighbouring (with respect to the 
azimuth) secondary relativistic char­
ged particles produced in hN and hA 
collisions at 200 and 400 Ge V /c. 
Here and below we only use the first 
of above methods, because the appli­
cation of others gives the same 
results. 

The next necessary step in the 
correlation analysis is to quantitati­
vely take into account trivial kinema­
tic correlations that are due to the 
effects of conservation laws. For this 
purpose w.e generated inclusive en­
sembles of random events following 
the phasespace . (PS) model, taking 
into account the presence of neutral 
secondary particies. Their number, n

0
, 

was simulated for each n = 2, 4, ... in 
accordance with the available 

experimental data on neutral particle 

production (including strange ones) in 

pp collisions at E
0 

= 200-400 GeV. 
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Fig. I. The o(<I>~n~ 1) vs . k for hN (open circles) and hA 

(full circles) collisions: a) pN and pA at 200 GeV/c, b) 

1t-N and rt-A at 200 GeV/c, c) pN and pA at 400 GeV/c. 
The curves 11re calculated for hN collisions according to 
the phasespace model 
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Fig.3. The differences of O('l'~n~ 1)- a0(~"~ 1) vs. 11 in comparison with the results (curves) 

of calculations according to the model with two-particle resonances for the fraction (I) 50, (2) 
75, and (3) I 00% of secondaries produced in their decays. The examples are given: for hN 
collisions at k = 4 (a) and 6 (b); and for hA collisions at k = 4 (c) and 6 (d) 
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Fig.4. The differences of ('l'kn~ 1)- <JPS('I'kn~ 1) vs. 11 

at k = 3 (a) and k = 5 (b) for pN collisions at 200-
400 GeY/c 

The charged particle multiplicity spectra for 
the real and simulated ensembles were exactly 

the same. The values of cr(<I{n~ 1) calculated in 

the PS model for hN collisions are shown by 
solid curves in Fig. I. Figure 2 prest:jnts the dif-

ferences between cr(<l>kn~ 
1
) in real and Monte 

Carlo ensembles of hN collisions vs. k of the 
correlations. The following conclusions can be 
drawn from the inclusive data displayed in 
Figs .l, 2: 

(i) There are genuine multiparticle 
azimuthal correlations of non-kine­
matic origin in hN collisions at 200-. 
400 GeV/c; 

(ii) These correlations are different for 
hN and hA interactions; 

(iii) They do not depend on the type of 
primary hadron but depend on the 
primary momentum; 
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(iv) The «strength» of the correlations increases at first with increasing k and then 
reaches a maximum value at a value of k which depends on primary momentum. 

Let us consider the semi-inclusive data. For simplicity, we combined events with fixed 

n from all the ensembles of hN collisions (pN, 200 Ge V /c + 1t -N, 200 Ge V / c + pN, 
400 Ge V /c) as well as from the ensembles of hA collisions. All the results of our analysis 
turned out to be a posteriori independent of this unification. Examples of these data are 

pres~nted in Fig.3; it should be noted that we used non-normalized quantities of 'lfkn~ 1 in 

the semi-inclusive case. 

Finally, Fig.4 shows the differences cr('lfkn~ 
1
)- d'5('1'kn~ 

1
) f r hN collisions at k = 3 

and 5. One can see that the correlations in actual events differ from those caused by 
kinematic law for all values of n up to the maximum values. We ote that, at large n, the 
existence of the dynamical correlations is manifested only for high-order correlations and, 
apparently, was never observed before. It is important to note, also, that the correlations for 
the same n are different for hN and hA collisions. This makes it possible to conclude that 
purely collective models of particle production in hA collisions are inadequate in the energy 
range under consideration. 
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Fig.5. The cr(<l>kn~ 1) vs. k for s-particles 
(a), g-particles (b) and b-patticles (c) from 
nucleus-nucleus collisions. The spectator 
fragments of projectile nuclei are exclu­
ded from relativistic secondaries 

The production of a large 
number of resonances (p, ~. f, etc.) 
is a well-established fact and it is one 
of the widely discussed physical 
mechanisms that can generate corre­
lations between secondaries. Accor-
ding to various estimates, the number 
of particles produced in the decays 
of these resonances can be as large 
as 50---90% of their total number . 

We considered the behaviour of 
the suggested characteristics of mul­
tiparticle correlations in the produc­
tion of particles via the decays of 
two-particle resonances. It was 
shown that, for all k, these charac­
teristics are sensitive to this pheno­
menon; so, the study of multiparticle 
correlations is a direct way to obtain 
answers to the questions concerning 
the existence of «heavy» intermedia-

• • 1 te objects that cannot be reduced to 

• 

k-

9 

• 

1_.___,J 

10 

known resonances. It should be 
emphasized that preference should be 
given to the study of high-order cor­
relations. An example of such 
analysis of the experimental data is 
shown in Fig.3 . 

resonances can qualitatively describe the data 
' 

We can state that the model with 

for n :5; 15 if the fraction of the resonances 
s 

is taken to be 50---75% for hN collisions and 

however, describe the data for larger n
1
. and 

difference between the 200 and 400 Ge V data 

---~ ----

:5; 50% for hA collisions. This model cannot, 

the inclusive data of Fig .2, especially the 
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Fig.6. The same as in Fig.5 for Fe-CNO 
(open circles) and Fe-AgBr (full circles) 
collisions at 2.5 GeY/c per nucleon 
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(i) There are genuine multiparticle azimuthal correlations among all the types of char­
ged secondaries from nucleus-nucleus collisions (except, may be, for target frag­
ments from the collisions of light projectiles); 

(ii) The «strength» of the correlations increases with increasi g k, although this effect 
depends on the type of secondary particles and on some characteristics of nucleus­
nucleus collisions; 
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(iii) The observed correlations depend on the atomic numbers of the projectile (see 
Fig.5) and target nuclei (see Fig.6): the larger the A . (or A

1 
\ the .stronger the proJ arget' · 

correlations; 
(iv) They also depend on the impact parameter of the nucleus-nucleus collisions (not 

illustrated): the larger the «centrality», the stronger the correlations; 
(v) There is evidence of prompt connections between the observed multiparticle 

azimuthal correlations and the widely discussed effects of collective flow («bounce 
off», «splash-side», «squeeze-out», etc.) in nucleus-nucleus collisions. Therefore, 
the suggested and discussed methodology is of great interest in the search for and 
study of such phenomena; 

(vi) The semi-inclusive analysis showed, in addition, that the data are in agreement 
with the picture of independent emission of s-particles at n ~ 6-8. Besides, for s 
any fixed n 

s 
correlations (AA) < correlations (hA) < correlations (hM. 

Therefore, all the purely collective mechanisms of particle production (the 
simplest versions of hydrodynamical theory, the so-called «collective tube» 
model, etc.) in nuclear collisions are inconsistent with the experimental data 
at the energies under study. 

In conclusion, the most general result of this work can be stated as follows : the study 
of multiparticle azimuthal correlations is a very powerful tool for investigations in high­
energy and nuclear physics. 

It will be reasonable to make a remark: in the case of very high multiplicities, it is 
useful to apply the above-mentioned methods to particles from different bins of rapidity. In 
this way very interesting possibilities are opened, but that is a topic for another paper. 
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COHERENT MULTIFRAGMENTATION 
OF RELATIVISTIC NUCLEI 

G.M.Chernov 
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Reactions of coherent multifragmentation have been predicted and observed for relativistic 
projectile nuclei. At the first stage of studying such reactions, we considered the coherent 

break-up of 12C ~ 3cx and 160 ~ 4cx at 4.5A GeV/c. Their study points to the most favour­
able conditions for the investigation of nuclear structure ahd the search fdr various quasi­
nuclear resonances. 

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

KorepeuTuaB MYJILTnciJparMeuTauuB 
pe.IIBTHBHCTCKHX B~ep 

F.M,qepH06 

DbUJH npe.ucKa:JaHb1 H Ha6mo.uanHcb peaKI..tHH KorepeHTHOH MYJlbTH<jJparneHTaUHH penli­
THBHCTCKHX li.Uep-cHapli.UOB. Ha nepBOH CTa,!lHH HJ}"'eHHll peaKUHH :noro THOa paCCMaTpHBa­

JlaCb KOrepeHTHal! .UHCCOUHaUHll 12C ~ 3<X H 160 ~ 4a npH 4,5A J3B/c.I•IJyqeHHe OO.U06HbiX 
peaKUHH YKa:Jb1BaeT Ha HaH6onee 6naronpHliTHb1e ycnOBHll .!IJlll HCCJie,!lORaHHll li.UepHOH CTpyK­
Typbl H OOHCKa KBa:JHll,!lepHbiX peJOHaHCOB. 

Pa6oTa BbinOJlHeHa B na6opaTopHH Bb1COKHX 3Heprnii 01-UJH. 

1. Introduction 

As early as 1953, a new type of high-energy hadron-nucleus interaction - the reac­
tions of the coherent generation of particles in strong or Coulomb fields of nuclei - has 
been predicted by Pomeranchuk and Feinberg [1] . Coherently influencing the bombarding 
object, the target nucleus is proved to be a single, structureless whole in these reactions and 
remains, as a rule, in the ground state. The coherence condition, 1 / q ~ R (R is the radius 
of target nucleus, q is the transferred momentum), leads to very sm II values of momentum 
transfer and to high values of the energy thresholds of such reactions. The first of them, 

1t- +A~ 1t-1t-1t+ +A, was experimentally observed in 1961, and since that time, this class 
of inelastic interactions with nuclei has become an object of intensive study in many labo­
ratories. 

Recently [2], this idea has been spread to th,e multifragmentation reactions of rela­
tivistic projectile nuclei. The events of coherent multifragmentatio (Fig. I) 
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A + B --+ B + L Fi' (1) 

as well as their analogues in the case of hadron-nucleus collisions, are characterized by very 
small energy-momentum transfers, which are the consequences of the coherence conditions, 
and by the high values of the energy thresholds. The considerable interest in such reactions 
is for a number of objective reasons, among which are the relative simplicity of their 
theoretical description, the presence of very favourable conditions for the search for and 
study of various quasi-nuclear resonances, the possibility of studying the interactions be­
tween these resonances and intranuclear matter, etc. 

2. Some Kinematics 

Figure 1 presents the simplest diagrams for the diffractive and the Coulomb 
mechanisms of the projectile nucleus coherent decay. Assuming, for instance, the diffractive 
mechanism of dissociation, we can formulate its global features as follows: 

(i) The angular distribution of the summary momentum "' p . of fragments F. is the 
"""' I I 

same as for elastic diffractive scattering; 
(ii) The so-called intrinsic quantum numbers of the fragment system are the same as 
for the projectile nucleus; 
(iii) The momentum transfer (to the target nucleus) is very small: 

1/q ~ R8 . (2) 

From the energy-momentum conservation law one can easily find 

M *2 - M 2 E + M M *2 - M 2 
A A 8 2 A q = ----+ q =----

L 2pA 2MB PA 2pA 
(3) 

(the approximation is correct at very high energies). So, the longitudinal (qL) and transverse 

(qT) momentum transfers are approximately independent and qL depends only on M •. 

A* 

} (j5;,E;) A======~ 
(jJ*' E*) (PA, EA) 

IP or 1 

B (O,MH) u (ij,E) B 

Fig. I. The simplest diagrams for nuclear coherent dissociation 
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The four-momentum transfer is 

dcr I dt' - exp(- a It' I ), 

where a= (RA + R8)2 I 4. Therefore, the distribution on qT has a Rayleigh form 

dcr I dq~- exp (- aq~). 

The minimum value of qL is realized at M *. = " m . and qT = 0, i e. , mtn £..J 1 

. 
where (). is the «mass detect» of the channel under consideration, 

n 

/).=I_mi-MA 
i= I 

(m; is the mass of i-th fragment). It is clear that It I min = (q~in)2 a d 

(M •2)max:::: M} + 2PA jlB- 1/ 3. 

Rough estimates of upper limits for qL and qT are given [1] by 

85 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

where 1..1. is the pion mass and B is the target mass number. Finally, Eqs.(3) nad (9) imme­
diately give an estimation of the coherent reaction threshold 

M •2 - M 2 M B I / 3 
min _ A B I / 3 _ 0 A . 

p A = 21..1. = 1..1. Ll 
(10) 

For instance, for the reaction 160 ~ 4a (see below) on a target with mass number 
B = 100, the threshold takes up about - 0.5 GeV /c per imcleon. 

3. Some Experimental Results 

The variety of exclusive channels for coherent reactions at hig energies is very great. 

For example, the coherent emission of protons: Axz ~ A -my z _ m + mp (m = 1, 2, ... ), neu-

Ax A - my · I AX A - 4my b h · ·1 trons: z ~ z + mn, a-partie es: z ~ z _ 2m+ ma, etc., y t e proJect! e 

nucleus can be considered. 
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P (~q~).% 

102 

to t 
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q~. (GeV/c)2 

Fig.2. Integral distribution on q~ for reaction (12) at 

4.5A GeV/c. The curve is a fit by the sum of two Rayleigh 
distributions 

The first experim~ntal data, wbich confirmed the existence of coherent nuclear frag­
mentation reactions, have been obtained for channels 

12c ~ 3a, ( 11) 

using the usual nuclear photoemulsions, emulsions enriched by Pb and the 2m propane 
bubble chamber of LHE (JINR), and 

160 ~ 4a, (12) 

using the usual nuclear emulsion at p0 = (4.2- 4.5)A GeV/c. For details for these expe­

riments see Refs .[3,4, 5,6,7]; here we present only a short review . 
The distributions of the four-momentum transfer (4) for the investigated channels (11 ), 

(12) have a typical form, reducing to the sum of two exponents corresponding to 
dissociation on a nucleon and on a nucleus as a whole. An example of such distribution is given 
in Fig:2. 

Comparison of the data on various target nuclei also permits one to conclude that the 
diffraction mechanism probably dominates for the light nuclei; and the Coulomb one, for heavy 

targets. The mean free path for the coherent 12C ~ 3a events in the emulsion enriched by Pb 
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was found to be twice as large as in the usual emulsion, although t e averaged target mass 
numbers in both of the mentioned stacks were approximately the same [6]. 

The statistical theory of fragmentation [8] allows one to estimate the «temperature» 
kT (or the average excitation energy per nucleon) of the fragmentating nucleus, 

(13) 

where mN is the nucleon mass, ~ is the dispersion of the intrinsic momentum distribution 

of nucleons that can be calculated using the so-called «parabolic law», 

(14) 

Here A is the mass number of the projectile nucleus, Aa = 4 is the same for a and a! = 

= ( p~) / 2, where ( p~) can be experimentally measured. in the rest" system of fragmen­

tating nuclei . We obtain kT = (3 - 3 .5) MeV for coherent reactions (11 ), (12) which is 
considerably (several times!) less than in the reactions ·Of USUal multifragmentation at rela­
tivistic energies measured in inclusive experiments. 

In Figs.3, 4 we show examples of distributions on p~ and E;- = arccos (pT pT / pT pT) 
J i j i j 

for the secondary a in the c.m.s. of fragmentating nuclei. Neither of these distributions can 
be described using the statistical theory of prompt decay. The remarkable features of these 
spectra are the high-momentum «tail» in pT and the considerable trend to the coplanarity of 

pT in the transverse plane of the reactions. 

Further, it was found that the coplanarity of pT depends on the excitation energy of the 

dissociated nuclei. In Fig.5 we show the dependence of the coplanarity coefficient, 

C = (N + N - N ) /N 
E .. :51t / 4 E .. ~ 31t / 4 1t / 4 <E .. < 31t/4 0 $ E :51t 

I) I) IJ ij 

(15) 

on kT for reaction (11) at 4.2A GeV/c measured in the 2m propane bubble chamber. The 
coherent channel of (11) only takes place at kT ::::; 10 MeV. In this region, the coplanarity 
of the transverse momenta of a decreases with increasing kT. Then, it reaches its minimum 

value c
0 

= 0.16, which corresponds to the case of prompt decay of 12C into three alphas, 

and begins to increase with increasing kT in the incoherent region of high temperatures. 
At the same time, the distributions on the relative angles and effective masses of a 

pairs in reactions ( 11 ), (12) display two peaks which can be associated with the decay of 

the short-lived intermediate states of the 8Be nucleus in the ground (0+) and first excited 

(2+) states. The relative probabilities of prompt and cascade decay modes also depend on 
the temperature of the fragmentating nucleus (see an example in Fig.6). The character of 
the dependencies of the momentum and correlati?n characteristics of a-particles on the 
nuclear excitation energy agrees with the picture of the transition from the mechanism of 
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P(~p~).% 
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Fig.3. Integral distribution on p~ for a from reaction (12). The 

line is a single Rayleigh distribution with ( p~) = ( p~ >exp 
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Fig.4. Experimental and calculated (see text) distributions on Eij for 

reaction (12) 
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sequential binary fission to prompt multifragmentation with a further growth of angular 
momenta acquired by the fragmentating system during collision with increasing nuclear 
«temperature». 

0.6 

0.4 

0.2 

c 

t-----W-T­

+ ++ 
L l + 0 c =0 .16 

-----------~----------~-----------

2.5 10 23 kT , MeV 
0 . 0~------~------~------~------~----~ 

0 100 200 300 400 
<pT> ' MeV/ c 

Fig.5. The coplanarity coefficient vs. kT for reaction (II) at 4.2A Ge V /c 
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Fig.6. The relative angle distributions for events of cohe~ent reaction (II) with kT < 2.5 MeV (a) and 
kT > 2.5 MeV (b) 
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The whole complex of results of the study of coherent reactions (11) and (12) points 
to the most favourable conditions for realizing the reactions of coherent multi.fragmentation 
of relativistic nuclei for the investigation of nuclear structure and the shape of the nuclear 
equation of state at small excitation energies, and the study of quasi-nuclear resonances and · 
their interactions with nucleons and nuclei. 

The obvious extension of this work is to a directed search for and study of various 
resonance-like peculiarities in the spectra of relative angles and/or effective masses of frag­
ments - pp, pd, pt, dd, dt, pa., da., etc. - the spectator products of relativistic projectile 
nuclei. The abundant formation of such «nuclear resonances» in coherent multifragmen­
tation reactions at very small excitation energies augurs well for the future . 
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SUPERPOSITION OF NEUTRINO EIGENSTATES 
AND NEUTRINO OSCILLATION 

O.A.Zaimidoroga* 

The possibility exists that the weak interaction between neutrino and antineutrino produces 
states which are superpositions of left-handed neutrino and right-handed antineutrino. This new 
states do not have well-defined lepton number. The peculiar properties of ne'utrinos and their 
oscillation in this case most probable are indicative of the Majorana nat re of neutrinos. 

The investigation has been performed at the Laboratory _of Particle P ys!cs, JINR 

CynepnoJHJlHH co6cTBeHHLIX cocTOHHHH HenTpHHO 

H OCI.{HJIJIJII.{HH HCHTpHHO 

O.A.3au.M.uoopoza 

00Ka3aHO, 'ITO B pe3yJILTaTe CJia6oro B3ai!MO)I;eiiCTBIIJI MelK.Liy HeiiTP HO II aHTIIHeiiTpiiHO 
B03MOJKHO Cyll{eCTBOBaHI!e TaKIIX COCTOJIHIIH, KOTOpbie JIBJIJIIOTCJI cynepn0311UIIeii Jiesoro HeiiT­
p!!HO II npaBOro aHTI!HeHTPIIHO. 3T!! HOBble COCTOJIHIIJI He I!MeiOT OnpeAeJieHHOro JienTOHHOro 
'IIICJia. CsoiicTsa 3TIIX HeiiTpiiHO 11 11x OCUIIJIJIJIUIIII Ha116onee sepOliTHO CBHAeTeJihCTBYIOT o 
MaiiopaHOBCKOH np!!pOAe HeHTpiiHO. 

Pa6oTa BbinOJIHeHa s Jia6opaTOp1111 csepxBhiCOKIIX sHeprnii OIUIH. 

One of the fundamental questions in modern physics is: under what conditions can 
neutrino oscillation occur in the vacuum? 

The phenomenon of neutrino oscillation arises from a mismatch between the weak 
eigenstates and the eigenstates of neutrino mass [1]. In the case of possibly massive neu­
trinos the relative phase change between the mass eigenstates with time can show an oscil­
lation pattern [2]. This oscillation is extremely sensitive to the mass of the neutrino and the 
mixing angle. 

In this paper the study of neutrino oscillation is made taking into consideration the 
superposition of neutrino and antineutrino eigenstates. Analogou ly to K-meson mixing, 
this oscillation is not sensitive to the mass of neutrino but to the mass difference of the new 
states produced :and not having a well-defined lepton number. 

Let's consider a two-state quantum-mechanical system having identical quantum num­
bers, characterized by a Hamiltonian H. The initial states S1 and S2 will develop in time 

following the evolution equation: 
. as1 
zhat=H1S1 

The solutions of these equations are: 

*e-mail: zaimidoroga@mi.infn.it and oleg@ljapS .jinr.dubna~su 
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sl = kl exp (- iHlt I h), s2 = k2 exp (- iH2t I h). 

Each of those states would phase-rotate in its own eigenstate. Let's now asstime an inter­
action term in the Hamiltonian in the form: 

. as1 . as2 
1ha,=HS1 +aS2 and lha,=HS2+aS1• 

The amplitu,des of states S 
1 

and S
2 

starting from a state S1 (t = 0) are given by: 

S
1
(t) = exp(-iHt/h) cos (at/h); S2(t) = exp (- iHt/h) sin (at/h) . The new states (S1 +S2) 

and (S
1 

- S
2

) will have different eigenvalues (H +a, H- a). This system will permanently 

move from state S I to S2 and back. 

Let's now consider two states having different quantum numbers. If an interaction 
exists between these states, the time evolution of the system will be described by a linear 
superposition of states and will not have a well-defined relevant quantum number. A more 
familiar example is that of K 0 and K0-oscillation [4]. Under the action of weak interaction 
the original strong interaction eigenstate& of K 0 and K 0 -mesons are mixed. The weak eigen­

states in this case are the linear superpositions of K 0
, K0(KI' K2). If both K1 and K2 mesons 

were stable particles, then K1 and K
2 

would each evolve with respect to its own Hamil-

tonian and after time t the relative phase K1 and K2 (present in the original K 0, K 0-states) 

would have changed. The new states would thus be the new linear combination of K 0
, 

K0 and these states would also not have well-defined strangeness. The relative phase chan­
ge of K 

1
, K2 with time will be the result of this oscillation. In reality the weak interaction 

also causes the decay of Kl' K2. Due to the action of the weak interaction Kl' K2 mix and 

CP-violation occurs. Owing to the decays of Kl' K2 the relative amplitude of Kl' K2 present 

in the original K 0, K0-mesons would change with time. So not only the relative phase but 

also amplitude of Kl' · K
2 

in K 0
, K0 mesons change with time. Under the weak fermion 

interaction a pair of s-quarks converts into a pair of d-quarks and back. The CP-non­
invariant interaction gives rise to K1, K2 mixing, while the CP-invariant part of this inter-

action contributes to the mass difference. 
An important aspect of the phenomenon is that the interaction connecting two neutral 

states with different quantum numbers violates the conservation laws involved and, due to 
that the superposition transition can appear. The mixing may not take place if interaction is 
forbidden. For instance, conservation of electrical charge forbids the oscillation between a 
proton and an antiproton. 

Thus, the superpositional states will appear if the base states are neutral and are of 
equal masses and an interaction between this states violates those quantum numbers that 
aren't their eigenvalue. This is not the case for the neutrino. Electron-type of neutrino 
cannot be coupled to a muon-type of neutrino, unless an interaction exists, which violates 
lepton numbers. This interaction would play for neutrinos the same role as weak interaction 
plays for kaons. But we know that lepton numbers conserve to a vety high degree. Now 
one needs to clarify which kind of coupled states could be between two neutrino states 
taking into account the fact that neutrinos are fermions. The weak eigenstates of neutrinos 
do not coincide with the mass eigenstates, and due to that the components of weak eigen­
states can be expressed in terms of the mass eigenstates as: 
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vi= L u~ vi. (1) 

Eigenstates of neutrinos in the limit in which the neutrino mass is degenerate would be 
coherent and could therefore interfere. If the masses of the different eigenstates were too 
far apart, then the velocities would so differ that the states could lose the interference 
picture. The time evolution of the neutrino can be described by the coherent sum: 

N 

v .(t) =" exp ((- i ...Jp2 + m2) t) u:. v . . 
l £... v ljj 

(2) 
j = 1 

One does not detect the individual terms in (2) but their linear combination corresponding 
to certain weak eigenstates. Only eigenstates of v and v preserve the interference pattern. 
The way to detect neutrinos and possible neutrino oscillations is through its weak inter­
action : So, two neutral degenerate levels of neutrino and antineutrino of definite flavour 
under the action of weak interaction can be described by a linear superposition of states 
neutrino and antineutrino. This system will continuously move from the left-handed state to 
the right-handed and vice versa. So, a neutrino of definite flavour, produced at t = 0, with 
respect of (1) can be expressed by a linear superposition of the left:handed neutrino and 
right handed antineutrino. These new states will not have a well -defined chirality, since 
they are linear combinations of left and right chiral projections. However, they ·can be 
eigenstates of helicity ( cr * p / p ). Obviously, for zero mass, helicity and chirality eigen­
states coincide. If the mass is non zero the chirality will differ from the helicity by the term 

m~/ E 2. In the case of Dirac type of neutrinos the opposite chirality transitions between 

neutrino and antineutrino are suppressed by a factor m~/ E 2. The suppression is related to 

the helicity and fermion number conservation [5]]. For the Majorana type of neutrinos there 
is no helicity violation because the Majorana condition requires a neutrino to consist of a 
left-handed 2-spinor together with a charge conjugate right-handed one. The mixing of two 
degenerate levels in the vacuum must result in level splitting. These new levels would have 
definite CP-parity. 

and 

Those states after a time t will have: * (v 1 exp (- im1t- r 1t /2) +V2 exp (- im2t- r zt / 2)). 

If both states were stable (r1 = r 2 = 0), then after t = rt / 8m 12 the beam of neutrino 

would consist of antineutrinos. After another time interval the beam of antineutrinos would 
change chirality and would consist of neutrinos. The new states thus reached could now be 
a new linear superposition of neutrino and antineutrino. Experiments of this type make it 
possible to determine the mass difference 8m12. Two states v1 and v2 are eigenstates of 

CP-parity . If they were both unstable, then under the action of t e weak interaction they 
could be mixed with and violate the CP-parity. Such oscillations would be suppressed by 
exponential damping due to r 12 :t= 0. The probability will be: 

1 
p v rl v (t) =4 { exp (- r,t) + exp (- rzt) ± 2 exp [- (rl + r 2) t / 2] cos 8m12t}. 
I~ 2 

The mass difference 8m12 does not depend on the mo~e of decay . Bee use of small phase space 

available for the v1, v2-decays, one expects the width, (r1 + r 2);;:; 8m12, to enhance transition. 
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So, the transformation of left-handed neutrinos to right-handed antineutrinos and vice 
versa forms the objects having only two independent components. This transition violates 
lepton number by two units and conserves CP-parity . The Majorana nature of neutrino 
oscillation is most probable. Recently there was observed semileptonic decay of tau-lepton 
claimed for the Majorana type of neutrino [6] . 

From the foregoing consideration, it is seen that two Majorana neutrinos v
1 

and v
2 

probably would have a tiny mass difference as a result of l:lL = 2 transition. For the detec­
tion of v-oscillation one considers the so-called «appearance experiments» to look for the 
presence of antineutrinos in v-beam or vice versa. It is obvious that the ability to detect 
v-oscillations depends on the mass difference of Majorana neutrinos v1 and v2 and they 

would be stable or unstable particles. If neutrinos v1, v2 were stable, then after time 

1t I L1m
1 2 

two fluxes will appear: of neutrino and of antineutrino. The aim is to measure the 

flux of neutrino of opposite sign at different distances from the source. The mass difference 
can be measured directly in this case. To perform an experiment the detector has to be 
sensitive to both signs of neutrino. For example: if source is the source of antineutrino, then 
one needs to detect the flux of antineutrino at given distances via inverse beta reaction: 

- + 
v+p~n+e 

and elastic scattering 
v + e ~ v +e. 

If no oscillation is present, then the ratio !Wp I NVe will be constant for any distances. If 
oscillation is present, then the ratio NVp I (NVe + Nve) would be function of ~1 •2. To 

verify this, v-oscillation can be detected in laboratory from high-intensity beta source or 
accelerator. Another possib ilities are in solar neutrino detection. Antineutrinos are not pre­
dicted by any solar model, thus observation of antineutrino would be of major significance. 
To explain deficit of solar neutrino flux, the mass difference has to be 
< 10-17 MeV-I0-19 MeV. Study of v-v oscillation can be also done with short- or long­
baseline neutrino experi_ments. If vI'. v 

2 
are unstable particles, the yield of neutrinos of 

opposite sign would depend upon branching ratio of decay mode to different types of 
neutrinos and r 1 dm

12 
ratio. 
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SIMULATION RESULTS AND SUGGESTIONS 
FOR POSSIBLE DESIGN OF GASEOUS SHOWER MAXIMUM 
DETECTOR FOR THE ENDCAP ELECTROMAGNETIC 
CALORIMETER FOR THE STAR EXPERIMENT AT RHIC 

G.Averichev, S.Chernenko, E.Matyushevskiy, Yu.Minaev, 
Yu.Panebratsev, E.Potrebenikova, D.Razin, S.Rar.in, LSmykov, 
G.Skoro, A.Shabunov, l.Tsvetkov, V. Yurevich, Yu.Zanevskiy 

The Monte Carlo simulation of Shower Maximum Detector (SMD) for the endcap EMC 
has been performed for pp, pAu and AuAu collisions. A conceptual design of gaseous SMD 
with a pad readout of signals is proposed. 

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

MoAe.rmpoaauue u B03M01KHLie pea.riHJa~uu raJoaoro AeTeKTopa 
M8KCHM)'M8 JIHBHJI TOp~eaoro 3JieKTpOM8rHHTHOrO Ka.riOpHMeTpa 

ycTaHOBKH STAR ua ycKopuTe.Jie RHIC 

r.Aseputtes u op. 

npoBe)leHO MO)leliHpOBaHHe )leTeiCTOpa MaKCHMYMa JJHBHJI TOpUeBOfO 3JleiCTpOMarnHTHOfO 
KaJJOpHMeTpa ,!I.I1JI pp, pAU H AuAu CTOJlKHOBeHHH. npeAJJOJKeH raJOBbi " )leTeKTOp MaKCHMyMa 
JlHBHll C KaTO)lHOH nJJOCKOCTbiO, HMe!OWeH pad-CTpyKTypy. 

Pa6oTa BbinOJJ HeHa B Jia6opaTOpHH BbiCOKHX 3Heprnn 0115111. 

1. Introduction 

In our previous report [1] we presented the results of Monte Carlo simulations of 
endcap EMC Shower Maximum Detector (SMD) for the STAR and experimental 
investigations of characteristics of the Russian tiny photomultipliers PMT in order to 
specify their applicability in the SMD. Our results show that the scintillator strip/fiber SMD 
is good option for the endcap SMD in the case of pp and pAu collisions. Application of 
Russian tiny PMT with low gain allows us to build relatively low-cost SMD with low 
number of high voltage supply channels. But, one of the most important conclusions of our 
previous work [1] was that this type SMD is not suited for the job in the AuAu collision 
case. In what follows , we present results of our M~ calculations and main ideas about the 
conceptual design of SMD for endcap EMC with a pad readout f signals. 
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2. Monte Carlo Simulations 

2.1. SMD Parameters. The CERN Monte Carlo program GEANT3 .15 with a 1 MeV 
cut for y's and electrons was used to study EM showers for full STAR detector, and 
HIJING model event generator has been used for describing of proton-nucleus and nucleus­
nucleus collisions. 

During the MC simulations the SMD was placed at the depth of 5X0 in the endcap EMC 

and consisted of two scintillation rings (inner radius - 75 em, outer radius - 232 em, 
thickness - 6 mm). 

In Fig.1 the pseudorapidity distributions of y's and charged hadrons in pp, pAu and 
AuAu collisions are presented. The distributions of energies for direct gammas and gammas 

from 1t
0 decays in acceptance of the endcap EMC are shown in the right side of this picture. 

The number of y's in the SMD acceptance is about 800 for central AuAu collision and 
about 10 in central pAu collision. 

Scatter plot of shower charged particles distribution on the first SMD layer is presented 
in Fig.2a. In Fig.2b we show the number of this particles as a function of the distance R 
from the SMD centre. It is seen that about 75% of showers, produced in the interactions of 
primary y's (about 600) with the calorimeter matter, lie in the central (75 < R < 160 em) 
SMD region. 

The same distributions for the primary gammas with energy above 500 MeV are 
presented in Fig.3. Comparison of Fig.2 and Fig.3 tells us that the contribution of showers, 
induced by gammas with energy lower than 500 MeV, is practically negligible, and we can 
conclude that the main sources of background (for observation of direct y's) are hadrons 
and gammas with energy higher than 500 MeV. 

Figure 4 shows the transverse profiles of shower, induced by 15 GeV gamma on the 
middle part of the first and second layer of SMD at the pseudorapidity 11 ~ 1.5. RMS of the 
shower transverse profiles is about .2.3 em. This means that the granularity of the SMD 
must be better than 10- 12 mm for both layers in order to identify and separate the 
showers. The IHEP group experimental data [2] confirm our conclusion . 

To obtain a uniform deposited energy over full surface of SMD layer, we have account 
for dependence of deposited energy on the radius R in the central SMD region 
(75<R< 160) em. We can see that for R> 160 em deposited energy practically does not 
depend on the distance R. The data for the central SMD region were used for the fitting 
procedure and the fitted function was of the form liE= a+ b · R. The results of the fit were 
used to determine the width of the inner ring strips, taking into account that the widths of 
outer strips are equai to 6R = 12 mm. The total number of ring strips defined in such 
manner is 190. The total width of the central ring strip is 4 mm. 

The next step was a determination of a number of strips in the azimuthal direction and, 
as a result, we have practically defined the pad structure of the SMD layer. In Fig.5 is 
shown the energy deposited in the central 6 em width ring of SMD vs. azimuthal angle for 
6°, 3° and 1° per bin for the central AuAu collision . The width of 6 em corresponds to the 
full width at l/10 th of maximum height of the shower transverse profile. The 1 o azimuthal 
angle bin corresponds to the geometrical size of -13 mm in the central part of SMD and 
using these pads we can clearly identify the single shower. Referring to Fig.5a and Fig.5b 
one sees that all showers are separated with the 3° azimuthal angle widths pads. Finally, the 
proposed pad structure of the first SMD plane gives us the possibility of separating showers 
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Fig.l . The pseudorapidity distribution of y' s and charged hadrons in pp, pAu and AuAu collisions at 
200 GeV/nucelon 

in the central SMD region using the information about two coordinates (R and <p). But we 
would like to point out that for separating the showers in the outer part of the SMD the 
information about <p coordinate from the second pl&ne (wires or strip with 10 mm step, for 
example) is needed. 
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2.2. 1t
0 /r Separation. We have, also, carried out a study of the separation of shower 

coming from single y from those coming from a 1t
0 decay. In our calculation ~e considered 

a SMD with only one sensitive plane with the pad structure, described above. We used a 
procedure similar to the method, described in [3) . Three variables were used to find a 

coefficient of 1t
0 rejection for 90% y acceptance: 

- E - the energy deposited by the shower; 
- r - the energy weighted shower radius; 

- E? - the energy dispersion of the shower. 
The energy weighted centre of the shower is calculated as follows: 

Xc= L,x;JL,Ei, 

where E. is the energy deposited in the ith pad and X. is the position coordinate of the ith 
I I 

pad in the pad units . The energy weighted shower radius, r, is calculated as: 

r= LD
1
E;fLE;, 

where D = I X - x.l is the distance of the ith pad from the calculated centre of the shower. 
C I 

The energy dispersion of the shower is calculated as: 

E? = L E,D;2· 

Figure 6 shows the scatter plot of th~ energy dispersion E? vs. the wighted shower radius r 

for 100 showers initiated by 15 GeV y's and 1t
0' s in the middle part of the SMD (rapidity 

T) == 1.5). The energy summation was taken over 15 pads in radial and 10 in azimuthal 
directions from calculated centre of the shower. The marked area in Fig.6a contains 90% 

of the single y showers. In the scatter plot for 1t
0 initiated showers the area of 90% single 

y efficiency is marked. The showers within this area are classified as showers initiated by 

1 s, while all showers outside this area - as 1t
0 initiated showers. The 1t

0 rejection 

efficiency is given by the percentage of 1t
0 initiated showers which are outside this area. In 

this case we have obtaned the 1t
0 rejection efficiency of 63%. The results of the similar 

calculations for the SMD with two sensitive plans consisted of 1 em width scintillator strips 

are shown in Fig. 7. The value· of the 1t
0 rejection efficiency is 60% in this case. It is seen, 

that f~r the SMD with only one pad-type sensitive plane -we get practically the same 1t
0 / r 

separation as for the SMD with two strip-type planes. 
The future investigations are needed in this direction. In our opinion the information 

about the <p cooridnate from second SMD plane will significantly improve the efficiency of 

1t
0 /r separation. 
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3. Conceptual Design 

Following by the Monte Carlo calculation results we proposed to use as an option of 
SMD a thin multiwire gas chambeF with analog readout of anode wires and of cathode pads 
to measure the position of EM showers. The analog readout is sensitive to the density of 
particles inside the shower, thus providing a localization of the hower core by a simple 
determination of the weighted centre in a cluster of signals. We adopt OPAL [4] and CDF 
[5] groups methods in our proposal. The thin multiwire gas chambers, operating in a 
satured mode, were used for electromagnetic presumpling in the e dcaps of OPAL detector 
at LEP [4]. At Fermilab for the Collider Detector Facility the shower counter strip chambers 

were used operating with the gain of 104 [5]. 

The suggested SMD multiwire gas chamber will be CDF or OPAL-type chamber with 
pad structure of cathode as followed from MC simulati<;ms. 

3.1. Description of Detector. Space and timing restrictions are the major concern for 
detector design. It is proposed that the SMD will be inserted into 25 mm gap i1,1to the 
endcap EMC at the depth of 5 + 7X0. It will consist of 12 trapezoidal sectors each of which 

covers 30° azimuthal angle. The geometrical dimensions are given in Fig.8 . A schematic 
view of the cross section of two chambers is shown in Fig .9 and Fig .10. 

In the OPAL-type chamber (Fig.9) the anode wire plane consists of 637 gold coated 
tungsten W-Re wires of 30 11m diameter rounded on the supporti ng frame with space step 
of 2 mm in the direction along the sector axes line. Groups of five wires are then ORed. 
The wires strung with a tension of about 80 + 100 g. Long wires are supported every 60 em 
by spacers to avoid sagging and to provide a mechanical strength for the chamber itself. The 
dead space loss due to this support is less than one per cent. 

The CDF-type chamber (Fig.l 0) 
has a ribbed construction. Aluminum 
ribs profile will be producted using 
the extrusious technology . The anode 
wires are placed at the centre of cells 
with the step of 1 em by means of 
special supporting plates. The 
individual anode wire is connected to 
high voltage by 1 MQ resistor and 
readout through capacity of 
200+400 pF. 

The cathode planes of chambers 
are 1.5 mm thin G 10 sheets of whose 
internal faces (forward wires) copper 
pads are formed by chemical etching. 

17!CM 

ANODE 
\/IRES 

Fig.8. Layo~;~t and dimensions of the SMD multiwire gas 
chamber 
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Following by the results of MC calculations it follows that there are 190 bins in radial and 
10 bins in azimuthal directions, total- 1900 pads. The size of the pads decreases going 
towards the beam axes to resolve ambiguites due to increasing multiplicity . The cathode 
plane is placed at the distance of 3 mm from the anode wire plane. 

The full cathode plane consists of a few pieces. These pieces are glued in tum to the face 
of G 10 sheet to obtain the full cathode plane of the SMD sector. This cathode plane is glued 
to the ribs aluminum plate (CDF-type chamber) or pressed to the supporting frame 
(OPAL-type chamber). The outer face of cathode is used for readout electronics 
components . The gas mixture argon - DME or argon - C02 will be used. 

3.2. Readout Electronics. The two space coordinates are pro ided by the simultaneous 
readout of wires pads. This results in a total 2027 electronic channels per sector and 24324 
channels for full endcap SMD. All channels have multiplexing nalog readout. The front 
end electronics is directly mounted onto the outer face of the cathode plane. A shielded 
TWP cable is used to transport the signals to the rear end. At the rear end additional 

multiplexing will be obtained in the ADC module. 12 bit charge sensitive ADC .will be 
enough to cover a dynamic range from minimum ionizing particles up to showers. 

4 . Conclusion 

Our Monte Carlo calculation results show that the Shower Maximum Detector with pad 
structure of sensitive layer has more suitable properties than th corresponding strip type 
especially in the case of investigation of the EM showers in the AuAu collision. Good 

position resolution and rc0 / y shower separation are realized even with only one sensitive 
SMD layer used. The estimates indicate that it is possible to build the SMD as a pad 
multiwire chamber which will have an acceptable cost. 
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KOPPEIDIU:HH TO.IK,IJ;ECTBEHHhiX l!ACTHU: 

B.JI.Jlw6owuf1, B.H.Ile'leHoB, E.H.IIAexauoB, I M.H.Iloozopef1KUU j, 
IO.A. Tpo11.u, A.IO. Tpo11.H 
06'beOUHeHHblU UHCmumym JI.OepHblX UCCJle006QHUU, J{y6ua 

B.H.IleueB, A.H.miCJioBcKa.JI. 
Hucmumym JI.OepHblX uccJleOoBauuu u 11.0epuou 3nepzemuKu HAH, CotjJu11. 

C. F.ApaKeJl.JI.H 
tPu3u'lecKuu uucmumym UM.Il.H.Jle6eoe6a PAH, MocKBa 

Ha OCHOBe MeTO.u;a HHTep¢epeHUHOHHbiX ICOppeJJliUHH TOJICAeCTBeHH I>IX '!aCTHU Onpe.u;eJJeHbl 
pa:!Mepbl o6.JiaCTH HCnycJCaHHJI nHOHOB B np-B3aHMO.U:eHCTBHJIX npH HMnyJJbCe HeHTpOHa 
Pn = (5,2 ± 0,16) f::JB/c . DpH aHaJJH3e HCnOJib30BaJJCll 31CCnepHMeHTaJJb biH MaTepHaJJ, co.u;ep-

JKall(HH 48570 nap TOJICAeCTBeHHbiX nHOHOB H3 5-JI)"'eBbiX 3Be3.U:, ICOTOpblH 6bUI nonyqeH npH 
o6.JiyqeHHH 1-MeTpOBOH BO.U:OpO.U:HOH JCaMepbl nB3 nyqJCOM ICBa3HMOHOXpOMaTH'IeCICHX HeiiTpO­
HOB. B napaMeTpH3aUHH fOJJb.U:Xa6epa 3!f>!f>eJCTHBHbiH pa.u;HyC OICa:laJJCll paBHbiM 
R = (1,30 ± 0,16) !f>M. DpH o6pa60TJCe HCnOJJb30BaJJHCb .U:Ba THna !f>OHOB: ICOM6HHaUHH HeTOJK­

.u;ecTBeHHbiX nap 1t+1t- H !f>oH, nOCTpOeHHbiH C nOMOU(biO npeAJJOJKeHHOfO HaMH cnoco6a nepe­
MeUIHBaHHJI C MHHHMaJJbHbiM HapyweHHeM ICHHeMaTH'IeCICHX ICOppeJJll HH. B 060HX CJI)"'al!X 
nOJIY'!HJIHCb COBna.u;aiOU(He pe3yJJbTaTbl. 

Pa6oTa BbiUOJIHeHa B na6opaTopHH BbiCOICHX 3Heprnii 01-UIH. 

Determination of the Sizes of the Pion Emission Region 
in np-Interactions at Pn = (5.2 ± 0.16) GeV/c Using 
the Interference Correlation Method for Identical articles 

V.L.Lyuboshitz et al. 

The sizes of the pion emission region in np-interactions at Pn =(52± 0.16) GeV/c were 

determined· by means of the method of the identical particle interference correlations. The 
experimental material involving 48570 pairs of identical pions from S-prong stars, which was 
obtained at the irradiation of lm hydrogen chamber of LHE (JINR) by the beam of quasi­
monochromatic neutrons, has been used for the analysis. The effective radius for Goldhaber's 
parametrization is R = (1.30 ± 0.16) fm. In processing we have used two types of the 

background: the combinations of non-identical pion pairs (1t+1t-) and the backgroud 
constructed by means of our method of mixing with <<the minimal vi lation of kinematical 
correlations>> . In both the cases the identical results w.ere obtained. 

The investigation has been performed at the Laboratory of High Energies, JINR. 
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1. BBe.lleHue 

llepBall CTaTMI 00 HHTefXPepeHUHH TO)I(JleCTBeHHbiX nHOHOB B paMKax CTaTHCTii'leCKOH 

MOJleJIH 6brna ony6nHKOBaHa r .ronb,llXa6epoM H Jlp. B 1960 r. [1]. MeTOJl onpe,lleneHIUI 

pa3MepOB o6nacTH HCnycKaHHll nHOHOB, OCHOBaHHbiH Ha HCCne.D.OBaHHH HHTep<f>e­

peHUHOHHbiX KOppenliUHH TO)I(JleCTBeHHbiX 'laCTHU H nonyqHBlliHH B noCJie.D.HHe fO.II.bl 

lliHpOKOe pacnpOCTPaHeHHe, 6bln pa3pa6oTaH r.H.KonbinOBbiM H M.H.no,llropeUKHM [2,3] 

H JaTeM pa3BHT B pll.ll.e pa60T (CM., HanpHMep, [4-8]) . 

..J llpo6neMe Onpe,lleneHHll npoCTpaHCTBeHHO-BpeMeHHbiX napaMeTPOB o6naCTH MHO)I(eCT­

BeHHOH reHepauHH 'laCTHU nOCBlllUeHO OrpOMHOe 'IHCnO 3KCnepHMeHTOB (CM. o630pbl [9-

12]). DOnblliHHCTBO H3 HHX BbinOnHeHO B a,llpOH-ll.ll.epHbiX H ll.ll.pO-ll.ll.epHbiX B3aHMO­

,IleHCTBHliX. J1ccne.D.OBaHHH, OTHOClllUHXCll K B3aHMO,IleHCTBHIO :meMeHTapHbiX 'laCTHU B 

o6naCTH 3Heprnif B HeCKOnbKO f38, cpaBHHTeJlbHO HeMHOro . 

llpe.ll.llaraeMall pa6oTa - nepBall, r.11.e npoBe.lleHa oueHKa pa3MepoB o6nacTH ucny­

CKaHHll nHOHOB B np-B3aHMO.D.eHCTBHliX. 

2. MaTepuan .. 
Mbl npeJlCTaBmreM JlaHHbie c 1-MeTPOBOH BO.D.OpO.D.HOH nyJbipbKOBOH KaMepbr JIB3 

011.sll1, o6nyqeHHOH nyqKOM KBaJHMOHOXpOMaTH'IeCKHX HeifTpOHOB C HMnyJJbCOM 

P = 5,2 f38/c (tll' I P =:: 3%). YrnoBoif p36poc nyqKa HH'ITO)I(HO Man : M2 =:: 10-7 
cp. 

n n n 

CpeJlHllll TO'IHOCTb HJMepeHHll HMnynbCOB TpeKOB B KaMepe M I P =:: 1%, yrnoB 

~e =:: 20'. TaKHe ycno BHll 3KcnelJHMeHTa Jla!OT BOJMO)I(HOCTb BbiJleJIHTb H HJyqaTb B yc­

JJOBHliX 47t-reoMeTPHH OTJleJlbHble KaHanbi peaKUHH np-B3aHMO.D.eHCTBHH [13) . 

~CTaTHCTH'Ie~KHH MaTepu;_ C~Jlep)I(HT 32 :bl~. ~-~yqeBbiX 3Be3:, +B ~O~OpblX Bbl.ll~e~bl 
KaHanbl peaKUHH np ~ pp 1t 1t 1t , np ~ pp 1t 1t 1t 1t , np ~ pn 1t 1t 1t 1t H np ~ 1t 1t X. 
npuMecb OJlHOro KaHana B JlpyroM He npeBbilllaeT 5%. B pe3yJJbTaTe nonyqeHO .ll.llll aHanHJa 

48570 nap 7t-7t-- H 7t+7t+-Me30HOB H 79435 nap 7t+7t-. 0TMeTHM, 'ITO B HalliHX peaKUHliX 

OTCYTCTByeT KOM6HHaTOpHbiH <f>oH .ll.llll nap TO)I(JleCTBeHHbiX nHOHOB. 

\J 3. MeTO.D.HKa 

11HTep<f>epeHUHOHHble KOppe.nliUHH HCCJieJlyiOTCll nYTeM H3YtJeHHll H3MeHeHHll OTHO-

' llleHHll 'IHCna TO)I(JleCTBeHHbiX nap K <f>oHOBbiM napaM B JaBHCHMOCTH OT HeKOTOpOro napa-

MeTPa. 

8 HH60nee npOCTOH napaMeTpH3aUHH fOJJb.D.Xa6epa 3TO OTHOllleHHe HMeeT 

penliTHBHCTCKH-HHBapHaHTHyiQ <f>opMy: 

\ 
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S(Q2) = 1'(1 + A.e- ~2Q2)(1 + crQ2), ;:7e_. { & ) (1) 
i' 

2 2 2 2 
r.ll,e Q =-(P1 -P

2
) =M7t7t-4m7t. 3.D.ecb P1, P

2 
- 4-HMnyiibCbi nHOHOB; MHO)[(HTeJib 

( 1 + crQ2) BBe.ll,eH .ll,JUI KOMneHCauHH B03MO)[(H0f0 OTKJIOHeHH.SI OTHOWeHHSI qlfCJia nap OT 

~e)J,HHHUbl B 06JiaCTH BHe 3cpcpeKTa H3-3a HeCOBepweHCTBa cpOHa. 

~ l1J CaMOH CTpyKTypbl cpopMyJibl (1) SICHO, qTO npH HJyqeHHH KOppeiiSIUHH BOnpoc Ha­

XO)[()J,eHHSI a.ll,eKBaTHoro cpoHa HMeeT nepsocTeneHHoe JHaqeHHe. B 6oiihWOM qHcJie pa6oT B 
r-.,-~ 

KaqecTBe cpOHa HCnOJibJyeTCSI pacnp~.D.eJieHHe nap HeTO)[()J,ecTBeHH biX qaCTHU - TaK Ha3bi-

BaeMbiH «CTaH.ll,apTHbiH» cpOH. Qqe8H.ll,HO, qTQ TaKOH cpoH MO)[(eT HMeTb C80H .ll,HHaMHqeCKHe 

KOppeJI:s!UHH, OTJIHqHbie OT .ll,HHaMHqeCKHX KOppeiiSIUHH TO)[()J,eCTBe HHbiX qacTHU. Il03TOMy, 

8 .ll,OnOJIHeHHe K «CTaH.ll,apTHOMY» cpoHy, HCnOJibJyeTCSI cpOH, nonyqe HHbiH nepeMeWHBaHHeM 

qacTHU H3 pa3HbiX C06biTHH HJIH creHepHp08aHHbiH Ha OCHOBe peaJibHbiX C06biTHH C 

npH8JieqeHHeM pa3JIHqHbiX MO.ll,eJieH B3aHMO.ll,eHCT8HSI. 

IlpH KOHCTpyHp08aHHH cpOHa Mbl HCXO.ll,HM H3 Tpe608aHHSI, qT06bi OTHOWeHHe . qlfCJia 

TO)[(.ll,eCTBeHHbiX nap K qlfCJiy cpOHOBbiX 6biJIO 6JIH3KO K l Jl.HHHUe BO 8CeH paCCMapHBae-

MOH 06JiaCTH H3MeHeHHSI . Q2 
8He 06JiaCTH 3cpcpeKTa.v C 3TO v UeJibiO HaMH CKOHCT­

pyHp08aH cpOH «nepeMeWH8aHHe C MHHHMaJibHbiM HapyweHHeM K HHeMaTHqeCKHX KOppe­

JISIUHH», CYTb KOTOpOrO JaKJIJOqaeTCSI 8 TOM, qTO 8 C06biTHH COXpaHSIIOTCSI HMnyJibCbl 

060HX Me30H08, a yrOJI Me)[(Jl.Y HHMH 6epeTCSI CJiyqaHHbiM o6pa30 M H3 JJ.pyroro C06biTH~_J 

BcSI npoue.D.ypa npOH380.D.HTCSI 8 o6meii cHcTeMe ueHTpa M ace peaKUHH. Ilepe­

Meum8aHHe npOH38e)J,eHO OT.ll,eJibHO Jl.JISI Ka)[()J,OH H3 Bbi.ll,eJieHHbiX peaKUHH, H pe3yJibTaTbl 

CJIO)[(eHbl. 

Ha pHC.1 noKaJaHO, Jl.JISI cpa8HeHHSI, OTHOWeHHe C
2 

.ll,JISI nap T 0)[(Jl,eCT8eHHbiX nHOH08 

(1t_1t_ CJIO)[(eHbl C 1t+1t+) H cpOH08blX nap Jl.JISI CJiyqaSI «nepeMeWH8aHHSI C MHHHMaJibHbiM 

HapyweHHeM KHHeMaTHqeCKHX KOppeiiSIUHH» (cnJIOWHaSI JIHHHSI ) H Jl.JISI 06biqHoro nepe­

MeWH8aHHSI (nyHKTHpHaSI JIHHHSI) C nOJIHbiM pa3pyweHHeM KHHeM aTHqeCKHX KOppeJISIUHH 

(8 3TOM MeTOJ1,e.,..8Ce xapaKTepHCTHKH nep80ro nHOHa 6epYTCSI H3 OJl.HOfO C06biTHSI, a 

8Toporo- HJ .D.pyroro). BH.D.HO, qTo noJIHOe nepeMeWH8aHHe .D.aeT CJIO)[(HOe no8eJJ.eHHe 

cpOHa, qTO JaTpyJJ.HSieT ero 3KCTpanOJISIUHIO B 06JiaCTb 3cpcpeKTa (Q2 < 0,05 (f3B/c
2)2). 

B +-
TO )[(e speM51 OTHOWeHHe qlfCJia nap 1t 1t K qlfCJIY nap H3 cpOHa «nepeMeWH8aHHSI 

C MHHHMaJibHbiM· HapyweHHeM KHHeMaTHqecKHX. KOppeiiSIUHH» 8e3.ll,e (3a HCKJIJOqeHHeM nep­

BbiX HeCKOJibKHX HHTepBaJIOB no Q2 - paHOH Q2 < 0,004 (fsB/c
2)2) - 6JIH3KO K 1. Ilo3TO~ 

MY B .ll,aJibHeHWeM Mbl HCnOJib30BaJIH «CTaH.ll,apTHbiH>> cpOH 1t+1t- H cpoH «nepeMeWHBaHHSI C 

MHhHMaJibHbiM HapyweHHeM KHHeMaTHqecKHX KOppeiiSIUHH». 

Pa3peweHHe no Q
2 

B o6nacTH scpcpeKTa --fcr2"' 0,002S (fsB/c
2)

2 
3HaqHTeJibHO MeHbwe 

p !t 

IllHpHHbl HHTepcpepeHUHOHHOro nHKa H He BJIHSieT Ha pe3yJibTaTbl nnpOKCHMaUHH. 
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1.3~----------------------------------~ 

1.25 

1.2 

1.15 

1 . 1 

N u 1.05 

0 .9 

0.80 

I 
I 
I 

I _ -

0 .05 

I 
~- J 

0.1 0.15 0 .2 
Q2 cr~B I c2)2 

--
I 

~-I 

I 
I 

0.3 

PHc. J. C2 - OTHOWeHHe 'IHCJJa nap TOJKJleCTBeHHblX nHOHOB IC 'IHCJIY <l!OHOBbiX nap: CllJlOill­

HaJI flHHHJI - <iloH «nepeMeWHBaHHe C MHHHMaflbHblM HapYilleHHeM ICHHeMaTH'!eci<:HX ICOp­

pemiUHH», nyHICTHpHaJI - <iloH <(nepeMelllHBaHHe C nOflHbiM HapYilleHHeM ICHHeMaTH'!eCICHX 

KOppenliUHH» 

4. PeJynbTaTbi 

npH annpOICCH,MaUHH no ¢opMyne ( l) HCOOJlb30BaJiaCb nporpaMMa MINUIT. War no­

CTPOeHHjj rHCTOrpaMMbi npH annpoKCHMaUHH 6bm Bbi6paH pa8HbiM 0,001 (f3B/c
2

)
2 (300 

6HH08) . PeJyJibTaTbl He MeHjjJOTCjj , 8 npeAeJiaX OWH60K, npH HCKJlJOqeHHH HeCKOJlbKHX nep-

8biX 6HH08. 1napaMeTp HaKJlOHa ¢oH080H KpH80H (f 8 ¢opMyJie ( 1) OKa3aJICjj He3Ha'IHMbiM 

AJijl OOOHX THOOB ¢oHOB. Ha pHt .2 npH8eAeHO pacnpeAeneHHe c2 (cyMMa 8Cex KaHaJI08 

peaKUHH} AJIJI mara OOCTpOeHHjj 0,0075 (f3B/c
2

)
2 

BMeCTe C annpOKCHMHpyJOIUeH KpH80H B 

CJiy'lae ¢oHa << nepeMeW H8aHHjj C MHHHMaJibHbiM HapymeHHeM KHHeMaTH'IeCKHX KOppe­

JljjUHH» . 

B Ta6n . l npH8eAeHbJ peJynbTaTbJ o6pa6oTKH c A8YMjj 8HAaMH ¢oH08. 
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1.4~-------------------------------------, 

1.3 

1.2 

N 

t (_) 

1 . 1 

0.9 tt 
0 0.3 

PHC.2. C2 - OTHOllleHHe 'IHCJia nap TOJK,UeCTBeHHbiX TIHOHOB K 'IHCJIY ap TIHOHOB, TIOJIYtieH­

HbiX MeTO.UOM «nepeMelllHBaHH51 C MHHHMaJibHbiM HapYllleHHeM KHIIeMaTH'leCKHX KOppe­

JlliUHH». CnJIOlllHa51 KpHBa51 - annpoKCHMHP)'IOlllall <PYHKUH51 S(Q2
) 

Ta6Jiuua 

p,!jJM A. - 2 ro-; XI x, 

113 

N ± ± / N ± ± 1,27 ± 0,16 0,37 ± 0,05 0,97 ±0,08 1,44 ±0,06 
!tit [lepeM.It 1t 

N ± ±/ N + _ 1,32 ± 0,16 0,44 ± O,Q7 0,9 ±0,08 1,24 ± 0,06 
!tit !tit 

B nepBOH KOJIOHKe yKa3aH BH.!l HCOOJih3yeMOro OTHOWeHH51, BO BTOpOH - panwyc 

o6JiaCTH HcnycKaHH51 OHOHOB, B TpeTbeH - napaMeTp A, B tieTBepTOH - X,
1
2 

OOHCaHH51 Ha 

O.!lHY CTeneHb CB060.!lhl, B 051TOH- KOpeHb KBanpa~HhiH H3 .!lHCnepCHH x2
-pacnpeneJieHH51. 
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5. 06cyJK.neuue pe3yn&TaTOB 

llpe.llCTaB.IIeHH&Ie pe3yn&TaThi - nepo&Ie H3 rex, KOTop&Ie Mbl npe.nnonaraeM ony6nnKo­
BaTh B p.ll.lle pa60T. llauHrui pa60Ta BbiDOntleua B HHKni03HBHOM DO.IlXO.Ile. llan&HeHWHH 
aHanH3 6y.lleT KacaT&Cg, 8 nepByiO O'lepe,llb, B1JHgnug pa3HOI'O po.na pe30HaHCHbiX 3qxpeKTOB 
B 06cYJK,IlaeMbiX peaKQHBX. B pa6oTe [ 14] Mbl C0061llMH 0 Ha6niO,IleHHH YJKHX MMOMaCCO-

BbiX pe30HaHCOB B CHCTeMe 1t-1t- H 1t+1t-. llpH 3TOM 6blnO OTMe'leHO COBDa,lleHHe, B npe,n;enax 

OWH60K, nonoJKeHHH HX QeHTPMbHbiX 3Ha'leHHH Mace. llpe.nsapHTenbHbiH yqeT B03MOJKHbiX 

pe30HaHCOB B CHCTeMe 1t-1t- npH Maccax = 310, 340, 380 M38/c2 npHBO.IlHT K B03pacTaHHIO 
pa.nuyca ucnycKaHHB 1t-Me30HOB npnMepuo ua 15%, 'ITO uaxo.llHTC" B npe.nenax owu6oK 
H3MepeHHH. 3-roT 3<lxJ>eKT cna6ee CKa3biBaeTCg npH HCDOnb30BaHHH «CTaH.IlaPTHOfO>> ¢oua. 

Ey.neT yqreuo TaKJKe B11Hgnue H3o6ap H .npymx pe3ouaucoo B H3yqaeM&IX HaMH . 3KC­
ni03HBHbiX peuuugx. 

AoTOp&I 6naro.napgT .llOKTopoo ¢.-M. uaYK A.H.Manaxosa H X.M.l{epueoa 3a noMOillb B 
npose.nenHH uccne.nosauuH, a TaKJKe COTPY.IlHHKOB oT.nena B.l1.Mop03a H na6opaHTOB rpyn­
Dbl IO.A.Tpogua 3a noMOillb B nonyqeuuu H nepBH'IHOH o6pa6oTKe 3KcnepHMeHTan&uoro 
MaTepuana. 

Pa6oTa B&monueua npu noMepJKKe MeJK.IlYHapo,llHoro uayquoro ¢oH.Ila H llpaonTen&cT­
oa Poccuu (rpaHT&I NKA OOO H NKA300). 
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ON THE DETERMINATION OF INELASTISITY 
OF NUCLEUS-NUCLEUS COLLISIONS 
IN THE CMS EXPERIMENT 

P.I.Zarubin, N. V.Slavin 

With the aid of the HIJING generator there have been explored various options of event 
inelastisity characterization of nucleus-nucleus collisions in the CMS experiment at a 5·A TeV 
collision energy. The inelasticity estimation by the y-quantum fraction of the total transverse 
energy in the very forward direction appears to be the 'most optimal o~e. Therefore; it is 
proposed to supplement the CMS very forward directions with electromagnetic calorimeters 
intended for heavy ion studies. 

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

06 onpe,ZJ.eJieHHH HeynpyrOCTH SI,Zl,pO-JI,ZJ.epHbiX CTOJI HOBeHHH 

u 3KcnepuMeHTe CMS 

ll.H.3apy6un, H.B.CJtaBun 

C noMOUlbJO renepaTOpa HIJING HCCJlellOBaJ!HCb pa3.1lH'IHble BOJMOJKHOCTH Mll ouenKH 
neynpyrocTH llllpO-llllepnbiX CTOJIKHOBeHHii npH :meprnH CTOJIKHOBeHHll 5·A T3B. OuenKa ne­
ynpyrocTH no KOMnOHeHTe raMMa-KBaHTOB B HanpaBJieHHliX MaJlbiX ymOB npellCTaBJilleTCll 
HaH60Jiee OnTHMaJ!bHOH. no3TOMY npe)J.IlaraeTCll llOnOJIHHTb 3TH HanpaBJieHHll B 3KCnepHMeHTe 
CMS 3JieKTpoMantHTHbiMH KMOpHMeTpaMH, npel!HaJHa'leHHbiMH Mll cCJlelloBaHHii c TliJKe­
JibiMH HOHaMH. 

Pa6oTa BbinOJIHeHa B na6opaTOpHH BbiCOKHX 3Heprnii OJ.UIH. 

The analysis of an optimal application of the CMS experiment for high luminosity 
nuclear physics studies at the LHC has led to a suggestion of sing beams of moderate 
charge nuclei (Z < 40) [ 1]. This means that an adequate lumin sity level is provided to 
make feasible hard QCD studies in nuclear matter with observation of intermediate vector 
bosons, direct photons and jets [2,3,4] . 

In order to · explore new dynamic effects in nucleus-nucleus collisions, the basic QCD 
process measurements in the CMS detector should be supplemented with simultaneous 
measurements of reaction inelasticity [5]. Therefore, it is necessary to identify appropriate 
CMS observables allowing to solve this problem in a practical way. 

A distinctive feature of the CMS spectrometry is an optimization for observation of 
hard processes in proton-proton collisions. Such an approach has led to a choice of a strong 
magnetic field in the solenoid suppressing soft charged hadron component. As a 
consequence, this creates a problem for inelasti~ity characterization in nucleus-nucleus 
collision due to an effective reduction of the charged hadron contribution in the event total 
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Table 1. The PYTHIA cross-section (mb) 
of basic subprocesses of proton-proton 

interactions at 5 TeV. (f,f',]- fermions, 
g- gluons) 

Subprocess 1 Cross-section 
(mb) 

TOTAL 86.0 

f+f' ~f+f' (QCD) 19 

f+f~g+g 0.1 

f+g~f+g 15 .6 

g+g~f+f 0.5 

g+g~g+g 28.2 

Elastic scattering 18.1 

Single diffraction (XB) 6.7 

Single diffraction (AX) 6.7 

Double diffraction 8.3 
--- ·- - -

Table 2a. The multiplicity distribution (% ). 
HUING, central Ca-Ca, S·A TeV, 4T 

8 F VF UF 

y's 0.9 5.6 41.5 19.2 

Hadrons 0.0 0 .1 6.8 25 .9 

T::b!e 2b. Energy distribution (% ). 
HIJING, central Ca-Ca, S·A TeV, 4T 

8 F VF UF 

y's 0.0 0.3 6.1 27 .7 

Hadrons 0.0 0 .0 3.9 61.9 

Table 2c. Transverse energy distribution (% ). 
HIJING, central Ca-Ca, S·A TeV, 4Y 

8 F VF UF 

y' s 3.0 7.7 32 .1 12.2 

Hadrons 0.0 I 0.5 1~ . 5 I 30.1 
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transverse energy measured with the aid of 
calorimetry . Apriori, an inelasticity estimate 
based on y's flux measurements seems to be 
more preferable. 

To choose an optimal solution we have 
applied the widely used generator HIJING 
[6] for simulation of nucleus-nucleus col­
lisions at a total energy of 5·A TeV. In the 
case of hard processes all resolved parton­
parton scattering processes were included to­
gether with the initial and final state parton 
emission [7,8]. The following effects were 
included: multiple minijet production, nuc­
lear shadowing of parton distribution func­
tions and jet quenching [9] relating assumed 
parton energy losses with the colour scree­
ning length. The Glauber formalism was 
used for multiple production calculations. 
The nucleon density distribution was 
accepted in correspondance with the Woods­
Saxon potentiaL To illustrate the importance 
of various subprocesses in the total proton­
proton cross-section their contributions are 
given in Table I. 

Simulation was peformed for central 
collisions (zero impact parameter) of C-C 
(50 events), Ca-Ca (10 events), Nb-Nb (5 
events) and Pb-Pb (2 events). The main 
single particle parameters for various 
generated pairs of nuclei were found to be 
similar. To illustrate the data we used here 
mainly Ca-Ca results as typical ones. 

Thus, a practical way of the event char­
acterization in the CMS consists in the 
measurement of the total transverse energy 
per event, ET which is an electromagnetic 

and hadron calorimetry based parameter. 
Our simulation has shown that an influence 
of the solenoid magnetic field (4T) on char­
ged hadrons leads up to a 30% drop in ET . 

The CMS detector is divided by 
pseudorapidity on three major parts: barrel 
( l11l < 1.6), forward ( 1.6 < l11l < 3), and 
very forward (3 < I 11 I < 5), and an uncove­
red region ~ ultra forward (5 < I 11 I). In our 
analysis we have applied y's energy cut 
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equal to 2 GeV and hadron one equal 
to 20 GeV, i.e., below lower limits of 
the CMS resolution curves for single 
particles. The gamma cut was chosen 
well beyond minimal ionizing particle 
signal. Both cuts do not seriously 
affect our conclusions. Tables 2a, b, 
and c show relative fractions of multi­
plicity, energy and transverse energy 
accepted by these parts . They enable 
us to make a conclusion about a cru­
cial role of a very forward calori­
metry for inelasticity measurements. 

Figure 1 shows y and hadron 
pseudorapidiry distributions. The 
pseudorapidity value corresponding to 
the distribution maximum for y­
quantum is equal to 4.3 (cr = 1.3), i.e., 
most part of this distribution can be 
covered within the very forward calo­
rimeter acceptance. For hadron com­
ponents this value is equal to 5.6 
(<J = 1.1). 

The single gamma energy distri­
bution for VF is shown in Fig.2. The 
mean energy and the ·mean transverse 
energy values with r.m.s. are presen­
ted in Table 3 for three major pseudo­
rapidity regions. It can be noted that a 
moderate value of the VF gamma 
mean energy is significantly below of 
an operation region of presently pro­
posed very forward calorimeter. 
Thus, in order to provide reliable 
inelasticity measurements of nucleus­
nucleus collisions it appears to be ne­
cessary to include in the CMS facility 
a very forward electromagnetic calo­
rimeter with suitable resolution star­
ting from few Ge V. 

The multiplicity mean value for 
various pairs of colliding nuclei 
(Table 4) grows approximately 
linearly. Taking into account that the 
value of transverse energy per y­
quantum is practically the same in all 

600 

Fig.l. The effective pseudorapidity distribution of y­
guanta (upper histogram) a d hadrons (lower histogram) 
produced in two central Pb-Pb collisions at 5·A TeV. 
The · influence of the 4T magnetic field on charged 
hadrons is included. Energy cuts are mentioned in the text 

1000 

aoo 

eoo 

200 

·"·' 0 
0 ~ 10 1~ 20 20 :10 '" 40 

Fig.2. The y-quantum energy distribution (GeV) in two 
central Pb-Pb collisions at 5·A TeV: VF- upper, F­
middle, B - lower histogram, respectively. The energy 
cut is mentioned in the text 
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Table 3. Energy and transverse energy 
distribution parameters (GEV) for y's 
HUING, central Ca-Ca, S·A TeV, 4T 

(E) cr (ET) cr 

B 3.1 2.0 1.5 1.0 

F 3.8 2.5 0.6 0.4 

VF 8.5 8.0 0.3 0.3 

UF 17.8 13.0 0.2 0.4 

Zarubin P./. , Slavin N. V. On the Determination 

Table 4. Energy and transverse energy distribution 
parameters (GEV) for y's HUING, central Ca-Ca, 

S·A TeV, 4T 

p-p Ca-Ca Pb-Pb 

(N) crN (N) crN (N) crN 

B 0.2 0.77 24.9 5.8 87 -

F 1.5 1.6 154.9 26.9 657 14 

VF 17.0 8.0 1139.4 148.9 5261 434 

UF 14.0 6.1 528.3 37.2 2646 51 

the cases we are led to a linear dependence o.f the total ET _in VF on the number of colliding 

nucleons. 
It is imporant to mention that it is not possible to isolate single gammas from central 

collision on a 300 dm2 area of the VF calorimeter (a shower covers of the order 1 dm2) . 

As a future step it is necessary to justify an opportunity to measure a total transverse energy 
by a simple summation of calorimeter cells with reasonable segmentation. 

To summarize, we have carried out a simulation tudy aimed at a practical definition 
of inelasticity of nucleus-nucleus collisions in the CMS experiment case. Our major 
conclusion is the following : in order to have the best estimate of an event total transverse 
energy the CMS very forward directions should be supplemented with an electromagnetic 
calorimetry intended for heavy ion studies. 

We are very grateful to our Dubna, Moscow and Sofia collaborators in the CMS 
experiment for stimulating and fruitful discussions, especially to Profs. L.I.Sarycheva, 
I.A.Golutvin, V.N.Penev, and Drs .A.l.Malakhov , V.V.Uzhinsky. 
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