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THERMAL MULTIFRAGMENTATION, NUCLEAR FOG
AND CRITICAL TEMPERATURE FOR THE LIQUID-GAS
PHASE TRANSITION

V. A. Karnaukhov®', H. Oeschler®, S. P. Avdeyev?, E. V. Duginova ®,

V. K. Rodionov ¢, A. Budzanowski ¢, W. Karcz®, O.V. Bochkarev?,
E. A. Kuzmin®, L. V. Chulkov?, E. Norbeck®, A.S. Botvina f

¢ Joint Institute for Nuclear Research, Dubna
® Institut fiir Kernphysik, Darmstadt University of Technology, Darmstadt, Germany
¢ H. Niewodniczanski Institute of Nuclear Physics, Cracow, Poland
4 Kurchatov Institute, Moscow
¢ University of Iowa, Iowa City, USA
£ GSI, Darmstadt, Germany

Thermal multifragmentation of hot nuclei is interpreted as the nuclear liquid-fog phase transition.
The charge distribution of the intermediate mass fragments produced in p (8.1 GeV) + Au collisions is
analyzed in the framework of the statistical multifragmentation model with the nuclear critical tempera-
ture for the liquid—gas phase transition T. as a free parameter. It is found (from the best fit of the
calculations and data) that T. = (20 £ 3) MeV (90% CL).

TerioBas MynbTH(parMeHTalHa rOpsYHX SAEp HHTEpNpeTHPyeTcsl Kak (a3’oBbiil Nepexoi XUIAKOCTE—
TyMaH B SAEPHOM BellecTBe. 3apaaoBoe pacnpesiesieHne (PparMeHTOB IPOMEXYTOYHOH MaccChl, BO3SHHUKAIO-
IWwHX B coynapenusx p (8,1 I'sB) + Au, aHanusMpyeTcd B paMKax CTaTHCTHYECKOH MOZIEIH MylsTHpar-
menTaunu. TIpy 5TOM KpHTHYECKas TeMIlepaTypa Juis ¢a30Boro nepexona XUOKocTs-ras It ucrnonbiyercs
B KAa4€CTBEC CBOGOHHOI‘O rnapameTpa. H3 HAWNTYMLIETO COrylacus pacye€ToB C IKCMIEPUMEHTOM Haﬁneuo, 4qTO
T. = (20 + 3) MaB (npu yposue nocrosepHoctd 90 %).

1. THE NUCLEAR EQUATION OF STATE AND THERMAL
MULTIFRAGMENTATION

The investigation of the decay properties of the very hot nuclei is one of the most
challenging topics of nowaday nuclear physics. The excitation energy of the hot nuclei
(500—700 MeV) is comparable with the total binding energy. They disintegrate via a new
multibody decay mode — thermal multifragmentation. This process is characterized by the
copious emission of intermediate mass fragments (IMF, 2 < Z < 20) which are heavier than
alpha particles but lighter than fission fragments. Such multibody disintegration is not an
exotic but the main decay channel of a very hot nuclear system.

The development of this field for the last two decades has been strongly stimulated by
an idea that this process is related to the nuclear liquid—gas phase transition. One of the

le-mail: karna@nusun jinr.ru



6 Karnaukhov V. A. et al.

first nuclear models, suggested by N.Bohr, K. Weizsicker and Ya.I. Frenkel 65 years ago,
is the liquid-drop model, which is alive now. The liquid-gas phase transition in the nuclear
matter was predicted much later [1-3] on the basis of the similarity between van der Waals
and nucleon-nucleon interactions. In both cases the attraction between particles is replaced
by repulsion at a small interaction range. As a result, the equations of the state are similar
for so different systems. It is well seen in the
\ Skyrme phase diagram (Fig. 1) taken from [2]. The fig-
——————— van der Waals ure shows the isotherms for pressure as a func-
tion of volume calculated for the van der Waals
system and the Fermi gas of nucleons interact-
ing through Skyrme forces. The scales are the
same for both cases due to the use of dimen-
sionless variables: pressure, volume and tem-
— perature are given as ratios to the critical values
==~ P, V.= 1/p. (p. is the critical density) and
=== T.. The very steep part of the isotherms (on
the left) corresponds to the liquid phase. The
gas phase is presented by the right parts of the
isotherms, where pressure is changing smoothly
with increasing volume. A point of peculiar
interest is the part of the diagram below the
0 1 5 3 4 hatched line, where the isotherms correspond to
v negative compressibility. The density here is
significantly reduced as compared to the liquid
Fig. 1. Comparison of the equation of state for phase. This is a spinodal region characterized
a van der Waals gas and for a nuclear system in- by the phase instability. One can imagine that a
teracting through a Skyrme force (relative units hot nucleus expands due to thermal pressure and
are used) enters into unstable region. Due to density fluc-
tuations, a homogeneous system converts into
the phase mixed state, consisting of droplets (IMFs) surrounded by nuclear gas (nucleons
and light composite particles). In fact, the final state of this transition is a nuclear fog [3].
The neutrons fly away with the energies corresponding to the system temperature, while the
charged particles are additionally accelerated in the Coulomb field of the system.

An effective way to produce hot nuclei is collision of heavy ions with energies of up
to hundreds of MeV per nucleon. But in this case heating of nuclei is accompanied by
compression, strong rotation and shape distortion, which may essentially influence the decay
properties of hot nuclei. One gains simplicity, and the picture becomes clearer when light
relativistic projectiles (first of all, protons, antiprotons, pions) are used. In contrast to heavy
ion collisions, fragments are emitted by the only source — the slowly moving target spectator.
Its excitation energy is almost entirely thermal. Light relativistic projectiles provide therefore
a unique possibility of investigating «thermal multifragmentation», which is governed by the
thermodynamic properties of a hot nuclear system.

The disintegration time is determined by the time scale of the density fluctuations and is
expected to be very short (= 30 fm/c). This is a scenario of the thermal nuclear multifragmen-
tation as a spinodal decomposition, considered in a number of theoretical and experimental
papers (see, for example, {4-12] and review papers [13,14]). It was proved experimentally

[\S]
T T T T T T T
Liquid

T T T 7T

T
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that thermal fragmentation takes place at reduced (3—4 times) density [15-17] and the decom-
position time is short (less than 100 fm/c) [18-20]. The spinodal decomposition is, in fact,
the liquid—fog phase transition in nuclear system.

2. THE CRITICAL TEMPERATURE
FOR THE LIQUID-GAS PHASE TRANSITION

An important model parameter of this scenario is the critical temperature for the nuclear
liquid—gas phase transition 7. at which the isotherm in the phase diagram has an inflection
point. The surface tension vanishes at Ti, and only the gas phase is possible above this
temperature. There are many calculations of T, for finite nuclei. In Refs. [1,2,21,22], for
example, it is done by using a Skyrme effective interaction and the thermal Hartree—Fock
theory. The values of T, were found to be in the range 10—20 MeV depending on the
chosen Skyrme interaction parameters and the details of the model. There are still no reliable
experimental data for 7., though this is claimed in a number of papers (see table).

The experimental data on the critical temperature for nuclei

Ref. 231 | 124 [25] [26] [27]
T..MeV | ~5 | 11-12 | 6.7£0.2 | 7.8£0.2 > 10

Method Y (Armvr), Fisher’s model Ogission (T')

The main source of the experimental information for T, is the fragment yield. In some
statistical models of nuclear multifragmentation the shape of the IMF charge (or mass) distri-
bution Y (Z) is sensitive to the ratio T/T,. The charge distribution is well described by the
power law Y(Z) ~ Z~7 for a wide range of the colliding systems [28]. In earlier studies
on multifragmentation [3,23] the power-law behavior of the IMF yield was interpreted as an
indication of the proximity of the excited system to the critical point for the liquid—gas phase
transition. This was stimulated by the application of Fisher’s classical droplet model [29],
which predicted a pure power-law droplet-size distribution with the minimal value of 7 = 2—3
at the critical point.

In Ref. [23] Hirsch et al. estimate 7. to be ~ 5 MeV simply from the fact that the
mass distribution is well described by a power law for IMFs produced in the collision of p
(80—350 GeV) with Kr and Xe targets. In fact, the fragment mass distribution is not exactly
described by the power law, therefore Panagiotou et al. [24] suggested the use of the term
Tapp» @l apparent exponent, to stress that the exact power-law description takes place only
at the critical temperature. In paper [24] the experimental data were gathered for different
colliding systems to get the temperature dependence of 7.,,. As a temperature, the inverse
slope of the fragment energy spectra was taken in the range of the high-energy tail. The
minimal value of 7,p,, was obtained at T = 1112 MeV, which was claimed as 7. The later
data smeared out this minimum. Moreover, it became clear that the «slope» temperature for
fragments does not coincide with the thermodynamical one, which is several times smaller.

A more sophisticated use of Fisher’s droplet model for the estimation of 7, has been
recently made by Elliott, Moretto et al. [25,26]. The model was modified by including
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the Coulomb energy release when a particle moves from the liquid to the vapor. The
multifragmentation data from the Indiana Silicon Sphere collaboration for 7(8 GeV/c) + Au
collisions were analyzed with this refined model {25]. The extracted critical temperature is
T. = (6.7 £ 0.2) MeV. In the recent paper [26] the same analysis technique is applied to the
data for the multifragmentation in collisions of Au, La, Kr (at 1.0 GeV per nucleon) with a
carbon target (EOS collaboration). The extracted values of T’ are (7.6 £0.2), (7.8 +0.2) and
(8.1 £0.2) MeV respectively.

There is only one paper in which T is estimated by using data other than the fragmentation
ones. In Ref. [27] it is done by the analysis of the temperature dependence of the fission
probability for “‘He +84W collisions [30]. It was concluded that T, > 10 MeV in contrast to
the result of Refs. [25,26].

It should be noted that in some papers the term «critical temperature» is not used in
the strict thermodynamical sense given above. In Ref. [31] multifragmentation in Au+ Au
collisions at 35 A-MeV was analyzed with the so-called Campi plots to prove that the
phase transition takes place in the spinodal region. The characteristic temperature for that
process was denoted as Tc.; and found to be equal to (6.0 £ 0.4) MeV. In the recent
paper [32] the bond percolation model is used to interpret 10.2 GeV/c p + Au multifrag-
mentation data. The critical value of the percolation parameter p. = 0.65 was found from
the analysis of the IMF charge distribution. The corresponding «critical temperature» of
(8.3 £ 0.2) MeV is estimated by using the model relation between the percolation control
parameter «p» and the excitation energy. The more appropriate term for this particular
temperature is «break-up» or «crack» temperature, as suggested in Ref. [33]. This tempera-
ture corresponds to onset of the fragmentation of the nucleus entering the phase coexistence
region.

Having in mind the shortcomings of Fisher’s model [34,35], we have made an attempt to
estimate the critical temperature in the framework of the statistical multifragmentation model
(SMM) [36].

3. ESTIMATION OF T, USING SMM

Within this model one considers a microcanonical ensemble of all break-up channels
composed of nucleons and excited fragments of different masses. It is assumed that an excited
nucleus expands to a certain volume and then breaks up into nucleons and hot fragments. It
is also assumed that at the break-up time the nucleus is in thermal equilibrium characterized
by the channel temperature T' determined from the energy balance. The probability W; of a
decay channel j is proportional to its statistical weight:

WJ NexpS](EI)A(]’ZO)? (1)

where §; is the entropy of the system in a state corresponding to the decay channel j. The
excitation energy, mass and charge of the decaying system are denoted by E,, 4y and Z,
respectively. The fragments with mass number A > 4 are treated as heated nuclear liquid
drops.

Channels are characterized by the multiplicities, N4z, of fragments AZ . The channels
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entropy is obtained by summing the entropies of all the particles in a given channel:

OFaz
S; = ZNAZSAZ, Saz = —( 5T ) . (2)
v
The fragment free energy Fz is a sum of volume, surface, symmetry, Coulomb and
translational terms:

FAZ:FX2+F§z+FZyZm+F§z+FAZ~ 3

The surface energy term, Ff 2 depends on the critical temperature, so the fragment charge
distribution is sensitive to the value of T.. The following expression is used in the SMM for
F3,:

5/4

5 o T? -T2

Fiz = a:(D)AY, a,(T) = a,(0) (m> , @

with a,(T) = 4nr3o(T), where o(T) — temperature-dependent coefficient of the surface

tension. This equation was obtained in Ref. [38], devoted to the theoretical study of thermo-

dynamical properties of a plane interface between two phases of nuclear matter (liquid and

gas) in equilibrium. This parameterization is succesfully used by the SMM for describing the
multifragment decay of hot finite nuclei.

The comparison of the measured and calculated fragment charge distributions is the way
to estimate the critical temperature 7.

Statistical model describes well the properties of the thermal fragmentation of the target
spectators produced in the collision of the light relativistic ions. As an example, Fig.2, a
shows the measured by the FASA collaboration and calculated fragment charge distributions
for collisions of p (8.1 GeV), “He (4 and 14.6 GeV) and '2C (22.4 GeV) with Au tar-
get. Experiments have been done using the 4m-setup FASA installed at Dubna Synchro-
phasotron [12].

The reaction mechanism for the light relativistic projectiles is usually divided into two
stages. The first one is a fast energy-depositing stage, during which very energetic light
particles are emitted and a nuclear remnant is excited. We use the intranuclear cascade model
(INC) [37] for describing the first stage. The second stage is described by the SMM, which
considers multibody decay of a hot and expanded nucleus. But such a two-stage approach
fails to explain the observed IMF multiplicities. An expansion stage is inserted between
the two parts of the calculation. The excitation energies and the residual masses are then
fine tuned [12] to get agreement with the measured IMF multiplicities, i.e., the values for
the residual (after INC) masses and their excitation energies are scaled on an event-by-event
basis. The lines in Fig.2, a give the charge distributions calculated in the framework of this
combined model, INC + Expansion + SMM, assuming 7. = 18 MeV. The agreement between
the data and the model prediction is very good.

Figure 2, b shows the power-law fit of the distributions with the 7 parameter given in the
insert as a function of the beam energy. The corresponding thermal excitation energy range is
3-6 MeV/nucleon. The power-law parameter exhibits the so-called critical behavior showing
a minimum at the excitation energy corresponding to the temperature three times lower than
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Fig. 2. Fragment charge distributions for p + Au at 8.1 GeV (e, I), “He+ Au at 4 GeV ([J, 2),
“He + Au at 14.6 GeV (M, 3) and '2C + Au at 22.4 GeV (A, 4): a) the lines are calculated by the
INC + Exp. + SMM model (normalized at Z = 3); b) the power-law fits with 7 parameters given in the
insert as a function of beam energy (in GeV)

Yield, arb. units

10%

103

Fig. 3. Fragment charge distribution for p + Au at 8.1 GeV (dots): a) the lines are calculated by the
INC + Exp. + SMM model, assuming 7. = 18 MeV (J/), 11 MeV (2) and 7 MeV (3); b) the power-law
fits

the assumed T.. A conventional explanation of that is given in Ref. [12], so this minimum
for 7 has no relation to any criticality [28].

In the present paper the calculations are performed for p (8.1 GeV) + Au collisions with T,
as a free parameter. For all values of 7, the calculations with the INC + Exp. + SMM model
have been properly adjusted [12] to get the mean IMF multiplicity close to the measured
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one. Figure 3, a shows the comparison of the mea- Ty
sured fragment charge distribution and the model i
predictions for T, = 7, 11 and 18 MeV. The statisti-
cal errors of the measurements do not exceed the size
of the dots. The data are corrected for the counting
rate loss caused by the cutoff (~ 1.2 MeV/nucleon)
in the low-energy part of the IMF spectra. This
correction is the largest (~ 15%) for the heavier
IMFs. The calculations are close to the data for

T. = 18 MeV. The estimated mean temperature of 031 el

the fragmenting system is around 6 MeV, the mean [ o

charge and mass numbers are 67 and 158 respec- P P R NI B

tively. The theoretical curves deviate from the data 3 1o . 11\5&\/ 20 25
o

with decreasing 7.

Figure 3, b gives the results of the power-law
fits for the data and model calculations (in the range
Z = 3-11). The Be yield was corrected in the fitting (8.1 GeV)+ Au collision.  The band cor-
procedure for the loss of unstable 8Be. The final responds to the measured value and its er-
results are shown in Fig. 4. The measured power-law or bar. The symbols are obtained by the
exponent is given as a band with a width determined power-law fits of IMF charge distributions
by the statistical error. The size of the symbols calculated assuming different values of T.
for the calculated values of 7Tapp is Of the order of ~and different parametrization of the surface
the error bar. From the best fit of the data and tension: squares are for Eq.(4), solid cir-
calculations one concludes that T, = (20 & 3) MeV  cles are for Eq.(5)
at 90 % confidence level.

Figure 4 shows also the results of the calculations with a,(T") linearly dependent on

T/T, [25,26):
as(T) = as(0) (1 - %) )

Fig. 4. The power-law exponent for p

The calculated values of 7,pp in this case are remarkably lower than the measured one.

CONCLUSION

Thermal multifragmentation of hot nuclei is interpreted as the liquid—fog phase transition.
The critical temperature for the nuclear liquid—gas phase transition T (at which surface tension
vanishes) is estimated by using statistical multifragmentation model. For that purpose, the
IMF charge distribution for p+ Au collisions at 8.1 GeV has been analyzed within the SMM
with T, as a free parameter. The value 7, = (20 £ 3) MeV (90 % CL) obtained from the
best fit to the data should be considered as some effective value of the critical temperature
averaged over all the fragments produced in the collision. This value is significantly larger
than those found in Refs. [25,26] by the analysis of the multifragmentation data in terms of
Fisher’s droplet formalism. Although our value for 7, is model-dependent, as is any other
estimate of the critical temperature, the analysis presented here provides strong support for a
value of T, > 15 MeV.
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TOPOLOGICAL AND NONTOPOLOGICAL SOLUTIONS
FOR THE CHIRAL BAG MODEL
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The three-phase version of the hybrid chiral bag model, containing the phase of asymptotic freedom,
the hadronization phase as well as the intermediate phase of constituent quarks, is proposed. For this
model the self-consistent solutions of different topology are found in (1 + 1)D with due regard for
fermion vacuum polarization effects. The renormalized total energy of the bag is studied as a function
of its geometry and topological charge. It is shown that in the case of nonzero topological charge there
exists a set of configurations being the local minima of the total energy of the bag and containing all the
three phases, while in the nontopological case the minimum of the total energy of the bag corresponds
to vanishing size of the phase of asymptotic freedom.

B nannoii pabore npennoxeH Tpexda3osslii BApHAHT rMGPHUIHON KUPATbHOH MOJEIH Meluka, cogep-
Xauwmid Hapaay ¢ ¢da3zaMM acHMNTOTHYECKO#H cBo60MIBl U afpOHM3ALMH NPOMEXYTOUHYIO a3y KOHCTUTY-
€HTHbIX KBapKoB. [l atoit Monenu B (14 1)-MepHoM criyuae ¢ yyetoM 3¢hdekToB NoNspu3aumu depMu-
OHHOTO BaKyyMa Haii/ieHbl CAMOCOI/IaCOBAHHbIE pellieH s C payTHYHOi Tononoruei. Haydena sasucumocts
NepeHOPMHPOBAaHHOM MONHOH 3HEPrMM MElIKa OT [apaMeTpoOB, XapaKTePH3YIOILHX €ro TeOMETPHI0, U OT
ero Tonosnorudeckoro 3apsaa. Ilokaszano, 4To B ciiyyae HeHyJIEBOrO TOMOIOTMYECKOTO 3apsiaa CYLIEeCTBYET
MHOXECTBO KOHQUIypaLHH, ARIAIOWMUXCA JOKUIbHBIMH MUHHMYMaMH TIOJTHOH 3HEPIMH MEIKa U coep-
XKaltux BCE TPH q)a3bl, B TO BpEMS KaK B HETOMOJOTHYECKOM CIy4ae MUHUMYM FIOJIHOM JHEPIHUH MELIKA
COOTBETCTBYET HyJesOMYy pa3Mepy (hasbl aCHMNTOTHYECKOH cBOOObI.

INTRODUCTION

At present the models of quark bags [1-4] turn out to be one of the most perspective
approaches to the study of the low-energy structure of baryons. The most promising results
have been obtained within so-called hybrid chiral bag models (HCBM) [5-7], where asymp-
totically free massless quarks and gluons are confined in a chirally invariant way in a spatial
volume, surrounded by the colorless purely mesonic phase, described by some nonlinear
theory like the Skyrme model [8]. However, in such two-phase HCBM there is no place
for massive constituent quarks, whose concept is one of the cornerstones in the hadronic
spectroscopy [9]. From the last point of view the most attractive situation should be that
in which first the initially free, almost massless current quarks transmute into «dressed», via
interaction, massive constituent quarks carrying the same quantum numbers of color, flavor

le-mail: costa@bog.msu.su
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and spin, and only afterwards there emerges the purely mesonic colorless phase. The first
step towards such a version of the bag is made in the three-phase chiral model, wherein the
additional intermediate phase of interacting quarks and mesons with nonzero radial size is
introduced {10, 11]. This model allows one to take self-consistently into account: i) the phase
of asymptotic freedom with free massless quarks; ii) the phase of constituent quarks, which
acquire an effective mass due to the chirally invariant interaction with the meson fields in
the intermediate domain of finite size; iii) the hadronization phase, where the quark degrees
of freedom are completely suppressed, while the nonlinear dynamics of meson fields leads
to the appearance of the c-number boson condensate in the form of a classical soliton so-
lution, which keeps up the topological nature of the model as well as the relevant quantum
numbers.

It should be mentioned that the direct quark-meson interaction is also considered in a
number of other approaches to the description of low-energy hadron structure, in particular,
in the cloudy bag models [12-14], as well as in various versions of the chiral quark-soliton
models [15-19]. However, the role of this interaction in each of these approaches is substan-
tionally different. In the cloudy bag models such wgq coupling is treated only perturbatively,
while in quark-soliton models it is considered as the main source for nonlinear dynamical
generation of the quark bag structure in the whole space. In the case under consideration
an intermediate variant takes place, where the contribution of the direct chiral quark-meson
coupling to the properties of the system is nonperturbative, while the confinement of quarks
is ensured by appropriate boundary conditions. Such an approach allows one to realize the
nonlinear mechanism of dynamical mass generation in the intermediate domain, but, unlike
the quark-soliton models, preserves the total confinement.

In the present paper a toy (1 4+ 1)D model of such kind is considered, in which in the
intermediate domain the one-flavor fermion field is coupled in a chirally invariant way to
the real scalar field, which possesses a nonlinear soliton solution in the exterior region. For
this model the self-consistent solutions with different values of topological charge, namely 1,
2, and 0, are found with due regard for the fermion vacuum polarization effects. For these
solutions the renormalized total energy of the bag is studied as a function of its geometry
and topological charge. It is shown that for nonzero topological charge there exists a set of
configurations being the local minima of the total energy of the bag and containing all the
three phases, while in the nontopological case the minimum of the bag’s energy corresponds
to vanishing size of the phase of asymptotic freedom.

1. LAGRANGIAN AND EQUATIONS OF MOTION

The division of space into separate bag’s phases is performed by means of a set of
subsidiary fields 6(z), whose self-interaction is supposed to be strong enough to neglect the
influence of the matter fields ¢ on the dynamics of § to the leading order, and thereafter to
use # as background fields for the dynamics of ¢’s [10, 20]. One can obviously introduce
as many fields 6(x) as needed with the appropriate self-interaction, which will determine an
(almost) rectangular division of space into domains, corresponding to different phases. Note
that in this approach the Lorentz covariance will be broken only spontaneously, on the level
of solutions of equations of motion, so, in order to restore the broken Lorentz symmetry, one
can freely use the framework of covariant group variables [21].
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Within this framework, the model we consider is described by the following Lagrangian
[10]:

a1 1 M. Mo (= i
L= wi8¢+§(3ﬂcp)2——mgcp201—7 (¥, 699y _ O (70 [¥,e975%y] _ + V(cp)) Ou1,

2

(1.1)
with 8; = 0(|z| < z1), O = 0(z1 < |z| € z2), 01 = 0(|z| > z2) being the step functions,
which pick out the inner, intermediate and exterior bag’s domains correspondingly, combined
with the rule that upon the field variation all the surface terms, which should appear on the
boundaries between domains, must be dropped. In (1.1) the vacuum pressure term B is
absent, although it is physically quite reasonable as taking account for the gluonic input to the
bag structure. The reason is that in this model due to the existence of the intermediate phase
the Dirac sea polarization behaves very specifically and itself produces the required «inward
pressure», what is the main role of the B-term in the two-phase HCBM. Therefore we can
drop it without serious loss of physical content, focusing attention mostly on fermion vacuum
polarization effects.

To form the bag, we suppose My to be very large, which leads to the dynamical suppres-
sion of fermions in the exterior domain III, and simultaneously take my — oo, so the boson
field vanishes in domain I. According to the general approach accepted in HCBM, the boson
field is treated in the mean-field approximation, i.e., it is assumed to be a c-number field.
Henceforth we shall consider the rest frame of the bag, where () becomes a stationary
classical background for fermions. In domain I we have ¢(x) = 0, while in the bag’s exterior
(z) decouples from fermions due to the infinite effective mass of the latters and is formed
uniquely by the self-interaction V' (¢). We shall suppose that the self-interaction V() leads
to soliton-like solutions of equations of motion and is an even function. Then the boson
field could be either odd (the topological charge is nonzero) or even (the topological charge
vanishes) function.

The equations of motion, following from (1.1), read:

in domain I R
109 =0, (1.2a)
p =0, (1.2b)
in domain II i _
(ia M eZQW) W =0, (1.3a)
.M, - -
9" =ig o ([, 15 €79] ), (1.3b)
and in domain III i .
(z’B ~ M, elW) % =0, (1.4a)
—¢" +V'(p) =0, (1.4b)

where { ) in Eq. (1.3b) stands for the expectation value with respect to the fermionic state
of the bag. To simplify calculations, we put further ¢ = 1, because the dependence on it
can be easily restored by means of the substitution ¢ — ¢/g. Then the spectral problem for
fermionic wavefunctions %), with definite energy w takes the form

wy, = —-ia‘l/),i. + ﬂei%v [MQII + M09111] Uy, (1.5)
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Upon taking My — oo, we get that ¢, — 0 in domain III in such a way that the term My,
in Eq. (1.5) vanishes, and the chiral boundary conditions [3, 5-7, 22] at the points -z, appear

instead: _
ii’)’]'lf)y(iiEQ) + 62‘75<P(izz)ww(:tz2) =0. (16)

In domain I, Eq. (1.5) is the equation for free massless fermions:
wir = —iay], (1.7)
while in the intermediate domain II one has
Wity = —iaah]; + BM e3Py (1.8)
The wavefunction’s continuity on the boundary between domains I and II gives

Yi(£x1) = Yu(£z1), (1.9)

while 11{£x2) are subject of the boundary conditions (1.6). At the same time, the field v in
Eq. (1.8) has to be determined self-consistently from Eq. (1.3b) with corresponding continuity
conditions at points |z| = z; 2.

2. SOLUTIONS WITH NONZERO TOPOLOGICAL CHARGE

The essential feature of this model is that the coupled equations (1.3) in the closed
intermediate domain II of finite size d = zo — x; possess simple and physically meaningful
solution, which would be unacceptable if these equations were considered in the infinite space.
In order to obtain this solution in the most consistent way, we perform first in domain II the
chiral Skyrme rotation

ww = €Xp (_1’75‘P/2)Xw, (21)

by virtue of which Eq. (1.8) and the boundary conditions (1.6) transform correspondingly into

1
(w - 5@’) Xw = —tax|, + BMx., (2.2)
+iy 'y (£22) + Xu(£22) = 0. (2.3)

It follows from Eq. (2.2) that, if we assume the linear behavior for the field ¢(x) in domain II,

namely,
@' = const = 2], (2.4)

then it becomes the equation for free massive fermions:
vx = —iax’ + BMx, (2.5)

with eigenvalues ¥ = w — A. So the fermions being massless in domain I acquire the mass
M in domain II due to the coupling to the field ¢, whence the intermediate phase emerges
describing massive quasifree «constituent quarks».
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The most important feature of Eq. (2.5) is that it reveals the sign symmetry v — —v,
which corresponds to the unitary transformation of the fermionic wavefunction

X — X =X (2.6)

while the chiral currents
Js = ipys %P = ixTynx (2.7)

coincide for these sign-symmetric states:
js = ix Tnx = ixTnx = Js. (2.8)

However, the sign symmetry of Eq. (2.5) itself cannot ensure the corresponding one for the
fermion spectrum, since it takes place in domain II only, while the latter has to be determined
from the Dirac equation on the unification I UIl. Meanwhile in domain I one has Eq. (1.8),
which possesses another symmetry, namely, w <> —w. That means that the sign symmetry
v « —v of the fermionic spectrum could hold only for some discrete values of the derivative
¢’ in domain II. These values are determined from the algebraic equation for fermionic
energy levels, which is obtained from the straightforward solution of Egs. (1.6)-(1.9) and
reads

caka M VA E) L g M iy — k)

1—e 1
) M —i(v—k) M —i(v+k)
exp (diwzy) = - - , 2.9
p( 2 1 _e—Qide+z(V - k) _GQide+Z(V+k) 29)
M+i(v+k) M+i(v—k)

where 12 = kZ + M?2. It is easy to find from (2.9) that the fermionic spectrum reveals the
symmetry v «— —v, if
42z, = 7s, (2.10)

where s is integer, since for such values of ¢’(z) in domain II the left-hand side (L.h.s.) of
Eq. (2.9) reduces to (—1)° exp (4ivz;).

When the condition (2.10) is fulfilled, the following consequence of arguments becomes
reasonable. In the right-hand side (r. h.s.) of Eq. (1.3b), which determines ¢”(z) in domain 1T,
we have the vacuum expectation value (v.e.v.) of the C-odd chiral current

1. . 1
Js =3 [, iy5 e %] = 5 X imx]_, (2.11)

with x being now the secondary quantized fermion field in the chiral representation (2.1)

X(@,t) =3 boxn(z)e ™", (2.12)

where x(z) are the normalized solutions of the corresponding Dirac equation, while by, b;"

are the fermionic creation-annihilation operators, which obey the canonical anticommutation
relations

{6205} =6y {bnsbur}s =0. (2.13)
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The average over the given bag's state includes, by definition, the average over the filled sea
of negative energy states w, < 0 plus possible occupied valence fermion states with w,, > 0,
which are dropped for a moment because their status is discussed specially below. Finally,

(JE) <J5 sea — ( Z Z ) X:i'Yan- (2-14)

wn<0  wr>0

It should be emphasized that in Eq. (2.14) the division of fermions into sea and valence
ones is made in correspondence with the sign of their eigenfrequencies w,, which differ from
sign-symmetric v,, by the shift in A:

Wn = VUp + A, (2.15)

and so do not possess the sign symmetry w «— —w. However, if we suppose additionally that
v, and A are such that for all n the signs of v, and w, coincide, i.e., after shifting by A
none of v,,’s changes its sign, then the condition w, <0 in Eq. (2.14) will be equivalent to

the condition v, 2 0. Thence

(J5)sea = 5 (Z Z) XniMXn =0 (2.16)

v <0 vn >0

by virtue of the relation (2.8). In turm, it means that Eq. (1.3b) in domain II reduces to
¢"” = 0, which is in complete agreement with our initial assumption that ¢'(x) = const in
domain II. In other words, we obtain the solution of the coupled Egs. (1.3) in domain II in

the form
2Mz — 1), x1 <z <70,

wlz) = {2,\(:5 +x1), —I2<z< I3, (217)

where A takes discrete values from (2.10), while the fermionic spectrum is determined
from the relation (2.15) with v, being defined from Eq. (2.9) after replacing the 1. h.s.
to (—1)° exp (4ivz).

There are the following keypoints that make this solution meaningful. The first is the
finiteness of the intermediate domain size d, because for an infinite domain II the solution
(2.17) would be unacceptable. In our case, however, the size of the intermediate domain is
always finite by construction, while the boson field ¢(x) acquires the solitonic behavior in
domain III due to self-interaction V(). Here the following circumstance manifests itself
again: in (1 + 1)D the chiral coupling 1 "% itself cannot cause the solitonic behavior
of the scalar field by virtue of the effects of fermion-vacuum polarization only, i.e., without
some additional self-interaction of bosons [23]. The second point is the discreteness and the
v — —v symmetry of the fermionic spectrum, which leads in turn to a reasonable method
of calculation for the average of the chiral current J; over the filled Dirac sea (2.16), as
well as for other C-odd observables like the total fermion number. After all, in the case we
consider the boson field is continuous everywhere and so is topologically equivalent to the
odd soliton that would take place in absence of fermions due to the self-interaction V(i)
only. So the topological number of the boson field does not depend on the existence and sizes
of the spatial domains containing fermions (I UII). On the other hand, the baryon number of
the hybrid bag is, by definition, the sum of the topological charge of the boson soliton and
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the fermion number of the bag interior. In our case the latter is zero (for the ground state),
hence the baryon number of the bag is determined by the topological charge of the boson
field only and does not depend on the sizes of domains I and II containing fermions, which
meets the general requirements for hybrid models. Some more details concerning the status
of this solution of Egs. (1.3) can be found in Ref. [10].

It should also be mentioned that, although the (topological) quantum numbers of such a
bag are determined by its solitonic component, it does not mean that the filled fermion levels
with positive energy could not exist at all. This would take place for small enough values of
the parameter A only. If X increases, the negative levels w,, = —|v,| + A should move into
the positive part of the spectrum. The change of sign of each such level will decrease (Q)sea
by one unit of charge, but if we fill the emerging positive level with the valence fermion, then
the sum Qa1 + Qsea remains unchanged. Analogously, the total axial current will be equal
t0 Jual + Jeea and will not change either, which ensures the vanishing r.h.s. of Eq. (1.3b)
and so preserves the status of linear function (2.17) as the self-consistent solution of the field
equations. Therefore, the existence or absence of valence fermions in such construction of
the ground state of the bag depends actually on the relation between A and |v|m;, and so
appears to be a dynamical quantity like the other bag’s parameters (the size and mass), which
are determined from the total energy minimization procedure.

Another essential feature of this bag configuration is that (2.17) ensures the self-consistent
solution of Egs. (1.3) for even values s = 2r in (2.10) only. The reason is that for odd
values s = 2r + 1 the fermionic spectrum obtained from the solution of Egs. (1.6)—(1.9)
under the condition ¢’ = 2 will always contain the nondegenerate energy level xo(z) with
zero frequency vy = 0, whereas for even values s = 2r one has v, # 0, Vn. According
to the general theory [24], such a zero mode causes fractionalization, which means that its
contribution to all C-odd observables will be given by the operator (1/2)(bg bo — bobg") with
the eigenvalues +1/2 and the numeric coefficient determined by xo(z). On the other hand, in
Eq. (1.3b) the chiral current should be averaged over its eigenvector in order to keep up the
vanishing dispersion of the r. h. s, otherwise the system of equations (1.3) would be ill-defined.
So the operator part of the zero mode contribution to the r. h.s. of (1.3b) reduces to the factor
+1/2, while xo(z) appears to be such that the corresponding chiral current in domain II does
not vanish (it is proportional to exp (—2M|z|)). Hence for odd values s = 2r + 1 the r. h.s.
of Eq. (1.3b) does not vanish, and the function (2.17) is no longer the self-consistent solution
of Egs. (1.3). However, it is easy to find the way of constructing analogous bags, where the
odd values s = 2r + 1 are allowed instead of the even ones, utilizing the specific, for such
(1 + 1)D bag models, possibility to choose in the model Lagrangian the signs of the chiral
fermionic masses M, M, independently to the right and to the left of the central domain of
asymptotic freedom. This question is worked out more explicitly in Ref. [25].

3. THE TOTAL ENERGY OF THE BAG
FOR THE NONZERO TOPOLOGICAL CHARGE

As a result, for the bag with the topological charge 1 the boson field is zero in domain I,
in domain II it is the linear function (2.17) with A = ©r/2z,, which after restoring the g-
dependence is sewn together with the odd soliton solution of Eq. (1.4b) in the bag’s exterior.
The typical behavior of ¢(z) is presented in Fig. 1. For simplicity we shall suppose that in
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domain III the asymptotic expansion of the soliton ¢
solution of Eq. (1.4b) for large |z| can be used,
—x2 —Xl xl Xz X

Psol (T) = g(l—A e™™), >0, (3.1)

with m being the meson mass in the bag’s exterior

(for < —z2, Ysol(z) is determined via oddness). Fig. 1. The configuration of the boson field
The factor 7/g means that we deal actually for a single bag with the topological charge 1

with the phase soliton with the total amplitude

being multiple of 27/g, since it is the period of the initial chiral interaction 1) exp (iysg¢)v.

The constant A is determined from the continuity conditions for boson field at points = x5,

which gives

e+ 1/m), 4=

The condition d > 0 gives rise then to an additional restriction for the size of the confinement

domain

mzy > T, (3.3)

which shows that 7 could be naturally interpreted as the index enumerating the excited states
of the bag, whose sizes increase with .
For the total energy of the boson field, one finds

2
7 r+1
E,=m———. 3.4
® gZmzs+1 (3.4)
The total energy of the bag is the sum of £, and the fermionic contribution E;:
Ebag =FE,+ Ey. (3.5)

As it follows from (3.4), the boson field energy decreases smoothly for increasing x2, so all
the nontrivial dependence of the total bag energy Ey.. on the model parameters originates
from the fermionic contribution E,, which is the sum of the filled Dirac sea of negative
energy states and positive energy valence fermions:

Ew = Eva + Esea- (36)

Bearing in mind that the charge conjugation symmetry dictates the following definition of the
Dirac sea energy [23, 26]:

Esea == Z Wn — Z Wn, (37)
wn<0 wn>0

for the ground state of the bag described above, the sum (3.6) can be reduced to a single
universal expression. If the transformation from w, to v, is sign-preserving for all n and so
there are no valence fermions in the ground state of the bag, one finds from (3.7)

E¢=Esea:%2(—un+/\)—%21/n+)\ Y v (3.8)

vy, >0 vn >0 vn >0
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If the parameter )\ appears to be large enough, the initially negative level w, = —|v,| + A
changes its sign and turns into the occupied valence state. In this case it is convenient to
calculate £ in two steps. At first, we consider the contribution from all states with |v,| > A
to Eea, which in analogy to (3.8) reads

E;ea == Z Vm. (39)
Vi >A
To this expression the energy of emerging valence fermion E., = —|v,| + A and the

contribution of the positive levels with w, = %|v,| + A to the Dirac sea energy should be
added, which gives

1
By = ~lnl + A= 5[(—lonl + X + (vl + V] + Blea == 3 vy (3.10)

va >0

i.e., the same expression (3.8) as we have got for the energy of fermions without filled
valence states.

For what follows it is convenient to introduce a set of new parameters, in terms of
which the total energy of the bag takes the most appropriate form. First, we introduce the
dimensionless quantities

a=2Mzx), B=2Md, p=2Mz,, (3.11)

and consider in more detail Eq. (2.9), which determines the energy levels v,,. This equation
has two branches of roots. The first one corresponds to real k and in terms of « and 3 can
be transformed into the following form:

x x cos Bx + sin Bz
£ ( V1 2) - Lasediy 12
anjovite Vz?2 +1 1 —cosfz + zsinfz (3.12)

where the unknown quantity is the dimensionless = defined through ¥ = Mz, so that v =
M+/1+ z2. The real roots z, of (3.12) belong to the semiaxis 0 < z, < oo, since the
fermionic wavefunctions are actually the standing waves in a finite spatial box with degeneracy
in the sign of k, while the corresponding frequencies v, lie in the interval M < v, < oc.
The second branch corresponds to imaginary k = iMz, v = Mv/1 — 12, 0 <z <1 and can
be derived from (3.12) through the analytical continuation:

T x cosh Bz + sinh Gz
t V1-z2) = . 1
an (a * ) V1 — z2 cosh Bz + zsinh Bz — 1 (3:.13)

For this branch one has 0 < v,, < M.
Thus, v, and so E, appear to be functions of two dimensionless parameters « and 3,
whose sum is the dimensionless total size of the confinement domain p:

a+B=p. (3.14)

Proceeding further, it is convenient to extract the mass of the «constituent quark» M from
the sea energy and fermionic frequencies as a dimensional factor:

En =vn/M =+/1+22, (3.15)
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hence Ey = —M ) €. Upon introducing the dimensionless ratio of the two mass parame-
ters of the model
w=m/2M, (3.16)

the dimensionless energy of fermions £, = E,,/M and analogously the dimensionless total
energy Ebag = Epag/M, for the latter one finds

7 r+1
Evar =& 0) 4+ 2u———, 3.17
b = €l 6) + 2T (317)

where the dimensionless parameters «, 3 are determined through p and p as

o= T—J:—I (p+1/p), B= pr—:{u_ (3.18)

So the total energy of the bag depends ultimately on two dimensionless parameters, p and p,
where the parameter y is fixed by the ratio of the masses m and M, while the optimal value
of the bag’s size should be found from the minimum of the total energy Eua5(p) for given p.

To study the behavior of £nag(p), first of all we have to renormalize the fermion sea
energy £y, which is obviously UV-divergent. Let us start with the asymptotics of roots of
Eq. (3.12) for z,, >> 1. Representing Eq. (3.12) as

sin(a\/1+zz> =%( 1+x2+a:)sin(a\/1+a:2+ﬁa:+5)+
+% (\/1+xi—z) sin (a\/1+x2—ﬁz—6), (3.19)

where § = arctan x, one finds

n/2+mn  (=1)""'sin[(r/2 + mn)a/p] + 1+ §/2
+
p T/2 4+ 7

en(a, B) = +0(1/n?).  (3.20)

In the expression (3.20) the first term yields the quadratic and linear divergences in ) e,
the second one produces the logarithmic one, while the term with the sine does not cause any
divergence at all. To compensate the contribution of the first term, the energy of the sea of
free fermions contained in the same «volume» p should be subtracted, while the logarithmic
divergence, proportional to §8/2, is cancelled by the relevant one-loop counterterm of the
boson self-energy [10]. The remaining logarithmic divergence, associated with the term
1/(n/2 + 7n), does not depend on the bag parameters and originates from the fermion
confinement inside the bag, rather than from some local interaction. Actually, it is the
divergent part of the energy of interaction between fermions and the confining potential (bag
boundaries). The appearance of such diverging boundary energy in £, is a specific feature
of fermion vacuum polarization in all the bag models [6,7,27-32].

In the considered three-phase model this effect acquires some additional features. First,
it takes place for nonzero size d # 0 of the intermediate phase only, while the corresponding
boundary energy is negative and diverges as (— ., 1/(n/2+ mn)). More particularly, if
a — p, then (=1)"*1sin[(7/2 4+ mn)a/p] — —1, hence there remains only the logarithmic
term 3/(n+27n) in the asymptotics (3.20). Therefore in this limit £, becomes finite just after
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subtraction of the energy of perturbative vacuum and addition of the one-loop counterterm.
On the other hand, the limit & — p is equivalent to 8/a — 0, and so the infinite energy of
the interaction between fermions and bag boundaries takes place only for d # 0 and the finite
size of the central domain (the phase of asymptotic freedom) of the bag.

So the considered three-phase bag model does not actually reveal the ability for the
smooth transition into a two-phase configuration for d — 0, although such an opportunity
exists formally on the level of the initial Lagrangian (1.1). In fact, in the case of the two-phase
bag (d = 0) the exact fermion levels are £,, = (w/2 + nn)/p, hence the single subtraction of
the perturbative vacuum energy suffices for renormalization of £,. Therefore the transition
between two- and three-phase bag configurations requires an infinite amount of energy, which
is a specific feature of such many-phase systems. Note also that in the case of the two-phase
bag (d = 0) massless fermions are reflected directly from the bag boundaries. So in the
three-phase model the infinite boundary energy of the bag is intimately bound up with the
circumstance that for d # 0 the boundaries of the bag reflect massive fermions.

Within the three-phase models we have an opportunity to demonstrate this effect in an
even more apparent way. For these purposes let us consider the (1 + 1)-dimensional analog of
a «dibaryon», i. e., the configuration with the topological charge 2. Such an object consists of
two identical topological bags of the type described above, which are placed so close to each
other that their neighboring intermediate domains overlap. The corresponding Lagrangian
takes the form

- A 1 M.
E:wlaw+ ‘2‘(6“(,9)2_ 3_ [w’ezg"vsyw}_gl —

—gmi (o= /007 + (o /90l = (B2 e 2u]_+ V() ) o, (3:21)

where 0y = 0((|z| < z0) U (z1 < [z] < 72)), 0 = 0(z0 < £z < 21), Our = 0(|z| > 2),
with the same rule concerning field variations as for (1.1).
The self-consistent solution of the model (3.21)
® corresponding to such a «dibaryon» configuration
is again constructed assuming the linear behav-
ior (2.4) for the boson field in the intermediate
_;2 _;] — " domains and taking account of the sign symme-
try v < —v as well as of the conservation of
the chiral current j5 = j; for the transformations
X — X = o2x. Omitting some straightforward,
but lengthy calculations, let us present the main
Fig. 2. The boson field profile for the results.
«dibaryon» The profile of the boson field, corresponding
to the dibaryon configuration, is shown on Fig. 2.
For the intermediate domains of this configuration, one obtains ¢’ = const = 2\, where A
satisfies the condition

I 1 I I

2da =78, a=1z; — 2. (3.22)

The latter is quite analogous to Eq. (2.10) for a single isolated bag, since the parameter 2z;
in (2.10), as well as a in (3.22), is the size of the domain of asymptotic freedom for a single
bag. However, in the case of the dibaryon there are no zero modes in the fermionic spectrum
for any values of s, hence no additional restrictions imposed on the integer s in Eq. (3.22).
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It is obvious that the (14 1)-dimensional model (3.21) cannot be considered as a realistic
model of the dibaryon to any extent. However, being simple and nontrivial simultaneously, it
turns out to be a very fruitful illustration for the study of the origin of additional logarithmi-
cally divergent terms 1/(7/2+ mn) in the UV asymptotics of the fermionic spectrum in such
three-phase bag models. The latter is again obtained from the corresponding transcendent
equation for fermion levels, which in the trigonometric form reads

sin (2(1\/1 + mz) (:r\/l +z2cos ((B+v)z+6) — zcoswv) +

+ cos (2a\/ 1+ 22) (m2 sin (B+7)xz+98) — 1+ z?sinyz + sinyzsin (Bz + '7)) +
+ (\/1 + z2 — cos(fBzr + ’y)) sinyzr = 0, (3.23)

where @ = Ma, 8 = 2Md, d = z2 — z,, v = 2Mzy, § = arctanz. The parameter
d = zo — z1 is the size of the outward intermediate domains for each of the single bags
forming the dibaryon, while 2z, is the size of their common internal intermediate domain,
i.e., the domain of their mutual interaction. The UV asymptotics of £,,’s in this case has the
following form:

5n(aaﬂa’7) = M +
p
4 (S1"Gn [(r/2 4+ 7n) 20+ 9)/) = sin (/2 o)y )41+ B2 | oo
m/2+ mn
(3.24)
where
p=2a+B+vy=M_2a+ 2d+21) = 2Mz, (3.25)

is the total dimensionless bag’s size. As in the case of a single isolated bag, the main
divergent term in the asymptotics (3.24) corresponds to the sea energy of free fermions in the
«volume» p, while the logarithmic term, proportional to (8 + v)/2, is exactly compensated
by one-loop self-energy counterterm. The change of the coefficient in this term compared to
(3.20) is caused by the fact that in the considered case the interaction between fermions and
boson field takes place in the domain of the size 2d 4+ 2xy. Besides this, there remains again
a logarithmically divergent term 1/(m/2 + nn), which corresponds to the (infinite) energy of
the interaction between fermions and the confining potential (bag boundaries). It follows from
Eq. (3.24) that on the level of divergent terms the boundary energy of the dibaryon coincides
exactly with that of a single isolated bag. So we are led to an unambiguous conclusion that it
is indeed the effect of fermion confinement in a simply connected domain, which gives rise
to the term 1/(n/2 + wn) in Eqgs. (3.20) and (3.24), since in the dibaryon configuration the
number of boundary points is just the same as in the case of one isolated bag. Note also that
the direct consequence of this circumstance is that in (1 4+ 1)D the dibaryon configuration
cannot be obtained as a result of continuous fusion of two isolated bags, since when they are
separated enough from each other, the sum of their boundary energies is twice larger than
that of the dibaryon. In other words, in (1 + 1)D the reconstruction of the bag’s boundary in
the fusion-fission processes requires an infinite amount of energy.
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After all, it follows from (3.24) that for 3 — 0, i.e., for vanishing outward intermediate
domains of the dibaryon, one gets (—1)"*'sin [(7/2 + 7n)(2a + v)/p] — —1, which com-
pensates the term 1/(7w/2 4 7n), and the infinite interaction energy between fermions and bag
boundaries disappears. This circumstance provides with one more argument the assertion,
made for a single bag by analysis of the asymptotics (3.20), that the infinite boundary energy
appears only when fermions pass through the intermediate phase just before reflection from
the bag boundaries.

As a result, for a three-phase bag with d # 0 the extraction of the finite part from £
consists actually of two separate procedures. The first one is the standard renormalization onto
perturbative vacuum with account of the one-loop counterterm, caused by virtual fermion pairs
(10]. The second one is the compensation of the boundary energy by means of an appropriate
subtraction, and both procedures suffer from an ambiguity in the choice of subtraction point.
In the «classical» renormalization scheme, this uncertainty is resolved by fixing the physical
values for a corresponding number of parameters. For obvious reasons, we avoid doing that
in our «toy» (1 + 1)D model, but consider instead the most straightforward approach to the
compensation of divergences in the sum (3.8), which keeps up the continuous dependence
of the result of substraction on the model parameters. The essence of this approach is that
we subtract from Zn &n another sum with the same summation index n, whose common
term coincides exactly with the divergent part of asymptotics (3.20). The result is the finite

quantity
. w/24+mn 1+ 3/2
Ep = — En |r6n - ( P + T2+ wn)] . (3.26)

This method requires no additional counterterms, because all the divergences are already
cancelled by the subtracted sum. Of course, to some extent the physical meaning of such a
procedure is lost. It should be emphasized, however, that it is only the (1 + 1)D case when
the theory with coupling £y = Gi(o + iysm) is (super)renormalizable and any counterterm
has explicit physical meaning. For higher space dimensions this is already not true and so
the procedure of compensation of divergences in the energy based on (3.26) should not be
considered as having no motivation. For more detailed discussion on the extraction of the
finite part from the divergent Dirac sea energy in (3 + 1)D HCBM see Refs. [30-32].

Now — having dealt with the renormalization of £, in this way — let us turn to the
study of the total bag energy

= 7 r+1
gbag = Sw(a,ﬁ) + 2}1? ;p_ﬁ (327)

as a function of the parameters p and p. The convergent logarithmic sine-term in the
asymptotic expression (3.20) gives rise to the first feature of £n,,. For these purposes we
transform this term to the form

(&), (@ =1 3 (- Snilmelolin £ 1/2) (3.28)

n>>»1 n+ 1/2

and then use the well-known relation

i(_l)nsin [2(n+1/2)]

niip Cntan(m/d+z/4), e < (3.29)

n=0
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The sums (3.28) and (3.29) possess the similar common term, while the sum (3.28) diverges
as (—In (7 — 2)) when z — 7. So for ra/p — =, which implies 8 — 0, the sum (3.29) will
show the similar behavior, namely,

(E0)10(:B) = —(1/m)In B, B—0. (3.30)

Therefore, both the renormalized fermion energy (3.26) and the total bag’s energy (3.27)
reveal the logarithmic singularity for 8 — 0, i.e., for p — r/u, which confirms the qualitative
analysis of the vacuum polarization effects in the three-phase bag, performed above. More
precisely, after the subtraction (3.26) the renormalized £, includes Y, 1/(m/2+ mn) as a
counterterm for the divergent part of the boundary energy, but the latter disappears for 5 — 0.

Evag Will also grow for p — co. In this case a/p — 7/(r + 1), so the logarithmic term
(3.28) remains finite, which means that we have to deal now with the whole sum (3.26).
However, the leading order behavior of 6.'1,, can be evaluated from (3.26) quite effectively by
virtue of the fact that for p — oo the fermionic spectrum becomes quasicontinuous, which
allows one to transform the sum over x,, into integral over dx. The analysis of distribution
of the roots of Eq. (3.12) shows that in this limit ), &, can be estimated by the following
(divergent) integral:

anﬂ;lr— dr \/1-{—?
T

1 z?

+ a —
14 z2 z2 + sin® (am)

B+

sin (a\/1 + ;1:2) cos (a\/1 + .’132) (3.31)
V1 + 22 (22 + sin? (aV1 + z2)) '
For the subtracted sum in (3.26) one finds
2 1 2 1 2
Z(F/ +7rn+ + 6/ )—»B/dm (z—{—ﬂ) (3.32)
p T/2+ TN T px

n

The integrals (3.31) and (3.32) have obviously the same £,

divergent part (1/7) [dxz(px +1/x+ 8/2z), and so their
difference yields a converging integral, in agreement with
the subtraction procedure. The leading term of the integrand

10

bag

in this difference, taken with the (correct) inverse sign, is
B/8nz>. Since B — p/(r + 1) for p — oo, this finally
leads to the emergence of the positive, proportional to p,
contribution to éd, and correspondingly t0 Epag.

The numerical calculations confirm completely such L
qualitative predictions for the behavior of £,(p) and 0 10 20 3040 50 60 70 8
Evag(p). The values of free parameters  and g are chosen p
as p = 0.25, which corresponds approximately to the ratio
mr/2Mg, and g = 1, because the energy of the boson
soliton does not have any significant influence on the main
properties of Enag(p). The results of Epag(p) calculation
for » = 1,2,3,4,5 are depicted on Fig.3 and show that the size and energy of the solu-
tion, determined from the minimum of Epag(p), grow continuously for increasing r, whereas
the curvature of Epag(p) in the minimum decreases, which supports the interpretation of
configurations with r > 1 as excited states of the bag.

S A A N 0 O

Fig. 3. The dependence of the topo-
logical bag’s energy on its size
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4. BAGS WITH ZERO TOPOLOGICAL CHARGE

For bags with vanishing topological charge the relevant configuration of the boson field
should be an even one y(x) = w(—z). The principal difference between this case and the
previous one is that for even ¢(z) the sign symmetry w < —w is a characteristic feature of
the spectral problem for fermions (1.6)—(1.9), which can be easily justified by means of the
following transformation of fermionic wavefunctions:

Yu(z) = Y-u(z) = 259 (—2). (4.1)
However, the corresponding chiral currents are related now in the following way:
3. (2) = =43 (-=), (4.2)

so there is no automatic compensation between positive- and negative-frequency terms in the
v.e.v. of J;(z). From (4.2) one can derive only the relation

<J5(x)>sea = <J5(_-'L‘)>seaa (43)

which guarantees the consistence of Eq. (1.3b) with respect to parity. The direct consequence
of such fermion properties is that the even configuration of the boson field, similar to (2.17),

o(z) = {+2/\(I—.’E1), 71 <z <z, (4.4)

=2z +x1), —-r12<7z< —71,

is not an exact solution of Eqs. (1.3), since in this case (J5(z)}sca # 0 in domain II.

Nevertheless, the configuration (4.4) plays an important role in the study of the nontopo-
logical case. First of all, for g < 1 it turns out to be a rather good approximation to the
precise solution. To argue this statement, let us note firstly that the replacement ¢ = ¢/g
removes g from Eq. (1.3a), while Eq. (1.3b) will contain g only as a coefficient in the r.h.s.,
namely,

S oM - s
' = 1927< (¥, 15 €75%9] ). (4.5)
Assuming further that the potential V() depends on g as
V(e) =Wi(gp)/g?, (4.6)

where W ( f) should be an even polynom to maintain the (anti)symmetry of soliton solutions,
for small g there appears a quite natural expansion in powers of g2 in the problem. Within this
expansion, the zero-order approximation for the rescaled boson field $(x) is the configuration
(4.4) in domain I, ¢{z) = 0 in domain I, while in domain III it is given by the even soliton
solution of Eq. (1.4b). As in the topological case, to simplify calculations we retain only the
asymptotics of this solution, which means

Feot(z) = 7 (1 - Ae—ml’f') . 2| > 7o (4.7)

Merging (4.4) and (4.7) via continuity of ¢ and ' gives rise to the following relation:

m
md+ 1

2\ = , (4.8)
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whence for the energy of the boson field one finds

wim

Bp= o (4.9)

(By returning to the initial ¢ the dependence on g in E,, is restored by adding the coefficient
1/g%)

Now let us show that the first-order O(g?) correction to the energy of the boson field (4.9)
vanishes exactly for any current in the r.h.s. of Eq. (4.5), provided the asymptotics (4.7) for
the boson field in domain III remains valid beyond the perturbation expansion in g2, which
implies that the corrections caused by the r.h.s. of (4.5) could disturb solely the value of the
parameter A. Further, we shall consider only the positive semiaxis. The contribution of the
negative one is exactly the same.

From the relation (4.7) we derive

mp(z2) + @' (xz2) = 7m, (4.10)

while in domain III
Gri(z) = @' (z2) e ™), (4.11)

which is valid beyond the g2-expansion as well. Using the virial theorem, which is also
relevant beyond this expansion, we obtain the following general expression for the contribution

of domain III to E;:
932))
Bow = [do ¢ (4.12)

11

Proceeding further, on account of the first-order correction from the nonvanishing {(J5(z))
one obtains for the boson field in domain II

@(z) = 2M(z — 1) + %G1 (z). (4.13)

At the same time, it follows from the condition @;(z) = 0 and the boundary conditions (4.10)
that
$1(z1) =0, m@i(z2) + Pi(z2) = 0. (4.14)

Then for the boson field energy in domain II with the first O(g?) correction, one finds

1 ~y -
Epp = 5 /da: @? =2) (A + ¢°@1(z2)) - (4.15)
i1

On the other hand, it follows in the same approximation from (4.12) and (4.13) that

22
Epyy = (’\ +9°¢1(z2)) - (4.16)
Returning to Eq. (4.14), one finds that in the sum E; |+ E; | the contribution of (¢, vanishes.
In other words, within the g?-expansion the corrections to the leading approximation (4.9) in
E,, caused by the nonvanishing (Js(z)), start from the second-order O(g*) only.
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At the same time, for fermions the leading order of g*-expansion is O(g®). In this ap-
proximation the spectral problem (1.6)-(1.9) leads to the following equation for the fermionic
spectrum:

1 _e—2ik+dM —i(vy +ky) 1 _ o2k JM—iv_ — k)
exp (4iwz,) = [u_ + k_} M —i(vy —k4) M—ilv_+k)
vitkil e—sz*dM—Jri(V'*' ~ky) ) _62ik_dM+i(y‘ +k_)’
M +i(vy + ki) M+i(ve — k)
(4.17)

where vy =w + A, v3 = k3 + M?. The total energy of the bag is still given by the sum
(3.5), where the fermion energy has the form

Ey=~ Y wn (4.18)

wn <0

Like in (3.8), in (4.18) the inequality w,, < 0 is strict, because for the configuration (4.4)
there are no levels with w,, = 0 for any values of z;, zs.

Finally, after restoring the dependence on g2 in F, we obtain the following expression
for the total energy of the bag:

’/'I'2 m

Epay = — —— + E, 4 O(g?), .
bag 92 md+1+ U+ (g) (419)

where the two first leading terms in E},, — the bosonic O(1/g?) and fermionic O(g%) —
are determined by the zero-order approximation for the boson field (4.4), (4.7) only, while
the corrections start with O(g?) terms, at once in the bosonic and fermionic parts of the total
energy. Moreover, the considerable simplicity of Eq. (4.17) makes it possible to analyze the
fermionic spectrum in a semianalytical way, which in turn allows one to use the configuration
(4.4), (4.7) as a trial one for a qualitative study of the nontopological bag properties for even
larger values g ~ 1.

Thus, in further analysis of the main properties of the nontopological bag we shall use the
first two terms in the total energy (4.19), which can be found directly from the configuration
(4.4), (4.7). Recalculating E,, to dimensionless variables, introduced in (3.11), (3.14)-(3.16),

one obtains

72 2u

g>uB+1’
where o, 3 are now independent parameters. So the study of the bag’s energy as a function of
its geometry becomes a qualitatively different problem of finding the two-dimensional surface
gbag(a; ﬂ)

The extraction of the finite part from £, (c, 3) undergoes the same main stages as in the
topological case, but reveals some peculiar features, caused by the independence of o, f.
After some algebra the UV asymptotics of the energy levels can be presented in the form

Evagla, B) = Ey(a, B) + (4.20)

/24 mn N (—1)"*! cos (2Ad) sin [(7/2 + 7n)a/p| + 1 + §/2

enlaB) = p /2 + 1N

FO(1/n2).
(4.21)
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From the structure of the logarithmic term in (4.21) we immediately deduce that, as for the
topological case, the renormalized via asymptotics £, and so €., acquire the logarithmic
divergence (—In g3/m) for  — 0. Besides this, gdz and &y, increase for § — oo and finite
a. Since p grows together with 3, this effect turns out to be quite similar to the increase of
f:'w and €y, for p — oo in the topological case: in the UV domain the difference between
vy and v_ vanishes and Eq. (4.17) turns into (2.9). Thereon to analyze the renormalized £~'¢,
one may use the integral approximation (3.31), (3.32), in which for 8 — oo the main term in
the integrand of g¢ is positive and proportional to S.

The behavior of £, and Enag for & — oo and finite § requires special consideration,
since in this case the logarithmic sine-term in asymptotics (4.21) becomes significant again,
but, unlike the case of 5 — 0, there appears now an additional factor cos (2Ad). Since
2Md = mufB/(uB + 1), the sign of this multiplier can be either positive or negative depending
on the current value of 5. However, in this limit another effect comes into play, namely, the
proportional to ¢« increase of the number of levels on the branches of the fermionic spectrum
that correspond to the imaginary values of k4 in (4.17), where 0 < v3 < M. Directly for
Eq. (4.17) this effect shows up in an intricate enough way due to the presence of separate
branches for imaginary &k, and k_ and therefore can be analyzed in detail only numerically,
but its essence could be understood quite simply, if we neglect for a while the difference
between k, and k_. Then we are left with only one branch with 0 < v,, < M determined
from Eq. (3.13). For a — oo the spectrum of energy levels belonging to this branch becomes
quasicontinuous with the interval between the levels of order 7/, hence Zn &, over this
branch can be approximated by the integral

1 /1 [ oz
Z en——= [ drV1—-2% |———=+
0<vn <M T Jo V1-z?
e (B+1/(1 — z?)) — sinh (Bz + v)/V1 — 22
cosh (Bz +v) — V1 — 2 ’
From (4.22) one can easily see that for & — oo the contribution of these levels to > on€n

takes the form o/2n + finite terms depending on § only. Transforming further the relevant
terms in the subtracted sum to the integral, one obtains

(4.22)

e 4

/da: (% + 1+f/2) , (4.23)

T/2

whence it follows that for & — oo the main terms in the subtracted sum should be

2
o 14 3/2
L L+8/

2mwp 0

Ina. (4.24)

The leading terms in Eqs. (4.22), (4.24) cancel each other, so in this limit after subtraction
the contribution of the branch with 0 < v,, < M to the renormalized £, becomes (1/7)(1 +
B/2)Ina + finite terms. For the case of separate branches for k; and k_ the general features
of their asymptotic behavior for & — oo remain the same. As a result, after combining



32 Sveshnikov K. et al.

Ebag
10
9
S
8 R
NHIKN
6 SR
5 ARRRTMTNRIR ke
R R R R
ARk
4 N
Rk
AR
3 R
S
1 N
07 20 a
Fig. 4. The profile of the surface £aq(x, 8)
bag
8

0 10 20

Fig. 5. The profile of the surface £y (cx, B), rescaled to observe the behavior for small 3

this asymptotics with the corresponding input of the logarithmic term in the UV asymptotics
(4.21), for the leading term in £, for @ — oo one finds

1
—(1+8/24cos2Ad) Ina, a— oo, (4.25)
™

which is definitely positive for all 8. So in this limit the bag’s energy also grows, but now
proportionally to In a.

The numerical calculation, performed for the same values p = 0.25 and g = 1 as for the
topological bags, confirms such behavior of £, and £,,,. Moreover, the calculation shows
that there is not any nontrivial minimum in the total energy for the nontopological case at all,
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while the minimal value of energy is achieved for the configuration with vanishing size of the
phase of asymptotic freedom and for finite nonzero 3, which is clearly seen from Figs.4,5,
where the profiles of the 2D surfaces Epag (0, §) are presented in different scales. So for the
bags with zero topological charge the considered three-phase model predicts that the main role
should be played by the intermediate phase of constituent quarks, which is quite consistent
with semiphenomenological quark models of mesons [9, 33].

CONCLUSION

‘This work is aimed at the construction of a three-phase version of a hybrid chiral bag,
wherein first the initially free, almost massless current quarks transmute into «dressed», due to
interaction, massive constituent quarks with the same quantum numbers, and only afterwards
there emerges a purely mesonic colorless phase. Our results show that such a model can be
formulated in a quite consistent fashion and leads to reasonable behavior of the total bag’s
energy as a function of its size, which takes the form of an infinitely deep potential well with
a distinct minimum in the topological case, whereas in the nontopological case the minimal
energy of the bag corresponds to the configuration in which the phase of asymptotic freedom
disappears.

The specific feature of this model is a substantially enhanced influence of the fermion
vacuum polarization on the bag properties. In particular, in this case the Dirac sea polarization
itself produces the infinite increase of energy at large distances. Another essential trait is
the appearance of infinite interaction energy between fermions and bag boundaries (i.e.,
confining potential) for d # 0, which means that the size of the intermediate domain does
not actually vanish, although on the level of the initial Lagrangian the formal limit d — 0
exists and describes a two-phase HCBM. In other words, such a three-phase model cannot be
continuously transformed into a two-phase one, which is the ultimate reason of its remarkably
different features.

It is worthwhile to mention once more the question of the choice of method for calculation
of the Dirac sea averages for fermion bags. The method we used is based on the discreteness
of the fermionic energy spectrum, which by means of quite obvious considerations leads
to very simple solution of coupled equations of the bag in the intermediate domain. Let
us remark, however, that, despite arguments in favor of such a method of calculation of sea
averages, we cannot completely reject alternative methods like the thermal regularization. The
question of which one is more adequate to the physics of the problem should be answered
only through detailed study of realistic models.

It should also be emphasized that by constructing such a three-phase model we have
substantially leant on the requirement of Lorentz covariance. The initial formulation of the
model, where 8 fields are restored, is a local field theory [10], and, regardless of the diversity
of classical solutions one needs to deal with, the covariance is broken only spontaneously
and so can be freely restored by means of methods of Refs. [21] based on the covariant
center-of-mass variables for a localized quantum-field system. However, such an explicitly
covariant framework requires some essential changes in the calculation techniques, since the
invariant dynamics of fields acquires a specific finite-difference form [21], and so will be
considered separately.
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The high-precision assembly of large experimental set-ups is of a principal necessity for the suc-
cessful execution of the forthcoming LHC research programme in the TeV-beams. The creation of
an adequate survey and control metrology method is an essential part of the detector construction sce-
nario. This work contains the dimension measurement data for ATLAS hadron calorimeter MODULE
No. 8 (6 m, 22 tons) which were obtained by laser and by photogrammetry methods. The comparative
data analysis demonstrates the measurements agreement within £70 ym. It means, these two clearly
independent methods can be combined and lead to the rise of a new-generation engineering culture:
high-precision metrology when precision assembling of large scale massive objects.

Jl1s ycnelHoro BuiNoNHEHHS NpeacTosieii uccneaosarensckoi nporpammel LHC na TaB-#oMm nyuke
nHeobxoaMMa BLICOKOTOYHas c60pKa KpynHOrabapHTHBIX 3KCNEPUMEHTANBHBIX ycTaHOBOK. Coinanue ane-
KBATHOIO METPOJOIM4ECKOTO MeToja 0630pa H KOHTPOJI1 — BaXHas 4acTb NOArOTOBKH CLEHAapus Co3ja-
Hus netekTopoB. Pabota conepxuT nanHbie 06Mepa Monyns Ne8 (6 M, 22 T) aipOHHOrO TaiT-KanopuMeTpa
ycranoBkd ATLAS, nonydenHsie nasepisiM M doTorpammerpuueckum Metonamu. CpaBHHTENbHBIA aHa-
7U3 JaHHBIX [OKa3bplBAET, YTO TOYHOCTb COBMANEHMS BBINOJHEHHbIX W3MepeHHH cocTasaser +£70 MxM.
D10 03HAYaeT, YTO paccMaTpUBaeMsble JIBAa HE3ABUCHMbIX MeToja MOTYT ObITh OOBEOHHEHBI AN CO3aHUs
HHXeHepHOW METPONIOrHY HOBOTO MOKONEHUS — NpeLH3noHHON cOOPKH KpynHOrabapHTHbIX, MACCHBHBIX
00BEKTOB.

INTRODUCTION

The ATLAS hadron tile-calorimeter is composed [1] of one central barrel and two extended
barrels (Fig. 1). Radially the tile-calorimeter extends from an inner 2.8 m to an outer 4.25 m
radius. Azimuthally, the barrel and extended barrels are divided into 64 MODULES. Dubna
began mass production of barrel modules in April 1999. To guarantee very high MODULES
assembly precision, we proposed, developed and practically applied a new unique laser control
system [2, 3]. The laser control system instrumentation and a brief description of the method
see in Appendices 1 and 2.
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In January 2000, the JINR and CERN groups measured the ATLAS tile-calorimeter
MODULE No. 8 dimensions by the laser and photogrammetric methods at CERN.

The photogrammetric instrumentation and method are documented in Appendix 3.

During these measurements the MODULE was kept at the same position which allowed
one to obtain the data for comparison of both methods. Clearly, these measurement methods

are fully independent.

It must be also noted that the MODULE
No.8 was measured by standard surveying
method using theodolites for industrial 3D
metrology before the application of the pho-
togrammetric method; the standard deviation
(1) according to the DIN 18723 norm is given
to 0.15 mgon (0.5°) for measurements of both
horizontal and vertical angles. See the results
on http://edms.cern.ch/document/309991/1

A small reference network was arranged
around the MODULE in such a way that the
theodolites sights were nearly parallel to the
faces: therefore, the accuracy for the coordi-
nate perpendicular to the face was given by the
high-precision angle measurements.

The survey results for both the geometric
methods and the comparisons have been docu-
mented in the reports noted in Appendix 4.

In two sets of measurements (photo and

N

A )
A B C
Ext. barrel barrel Ext. barrell

Fig. 1. The tile-calorimeter barrel and two ex-
tended barrels

laser) we had the following four measurement lines (common for both methods) on the

MODULE surface [3] (see Fig. 2):

Measurement points

Gex 1, bottom left

Girder

Bell, Bottom right

Fig. 2. Measurement lines on the MODULE surface
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------ Bottore-lelt Boe! of the laser method coincides with the bottom-left lae Gex 7 of the
photograminetric method:

------ Top-left Bae colncides with Gex 4

----- Rottoue-tighs line' ceincides with Bel 13

-~ Top-right lne colueides with Bel 4,

Comparison was made only along these lines,

In the photogrammetric method the soasnrcment poiats were located (Fig. 23 oo the sub-
rmedule (SM) sorface ar 3 distance of 1/4 » 6 from the subhmodule edge (4 §s the snbmodale

i 4 width). The MODULE height H == 1940 mm and

bigd 13 - [ AT4Y -

. its tength L == 5600 mm.

; f Prrpendicular et b . .

P the suriioe In the laser method the measwrament points
Flat surface 3 . were Josated on the submodule edges. This lo-

cation of the measprement poinls was motivated
by the presence of the submodule twist angle ¢
(Fig. 3} and, conseguently, only 2t such a post
tioning one can defect {observe) the parts, going
farthest hevoud the limits of the MODULE., We
note that the top-lines data will expectedly demon-
steate the larpest discrepancies in comparison with
the bottom- luss data 3531 is » he pareew part of
the submodule where one observes the maximsl

angic . . . g g
s twist apgles @ rcacking the valoe of 1077 yad

tabsic

Fig 3. Defluiion of submoduie madrual tedst

L COOBDINATE SYSTEMS (CS)

Requirements to the C8, When choosing T8, it secis natrad to fix if to soree oloment
of the MODULE. It should be taken into account that the dimensions and shape {form)
of such element-{sorface, edge) mway differ from its shop-drawing dimensions {sonfiat, st
strajghi-lined, twisted; ete).

As a result, sysiematic errors may arise and deteriorate fingd measuremens precision.

in this sense it seems s cnhal that the systematic ervor should be at worse comparable
with the measwrement precision, Otherwise the chaice of the CSvan give a distoned dea of
the MODULES measured.

C8 of JINR Laser Method, The chejce of the CSas determined by the Dobna techinology
of the MUODULE assembly {1} The ceatee «Op»-of the €518 chosen in-the middle of the
tottorn edge of the girder base surface from the side of submadule 1 {(see Fig. 4).

# The ¥y axis goes along the line, which contecs the point gy and point «N», which is

P

the middle (centred of the-botom base of the girder at theside of submodule 19,

ver fevking from the Sy afong

cit diighi) side of the MODULE s the side on the et oigh) of e o
DULE

“tiop o the town Ges.
town Bellegarde

TRecton 1o the
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e The Z;, axis goes along the line connecting the point 0;, and point «M» in the middle
of the edge of the narrow part of the special submodule from the side of the endplate.
e The X, axis is perpendicular to the Z;, and Y} axes.

M

Fig. 4. Coordinate system of the laser method

CS of the CERN Photogrammetric Method and Measured Points. The four extreme
corners of the girder were measured and set in the same horizontal plane within a max.—min.
of 0.1 mm with using a precise optical level (precision of a direct measurement is 30 u, then
precision of a vertical difference between 2 corners is 42 y).

The distances between the corners were measured within an accuracy of 0.1 mm using a
precise electro-optical distancemeter associated with a metrological class theodolite as men-
tioned above. Then the coordinate system for the photogrammetry is referred to the plane of
the girder, set horizontal, and to the four corners of the girder, altogether within 0.1 mm; so
that margin value is referred to the procedure of setting the four extreme corners of the girder
horizontal by using a precise optical level.

The coordinate centre «0p» is the centroid of the four bottom corners of the girder (Fig. 5).

Z,4

Fig. 5. Coordinate system of the photogrammetric method
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e The Yp axis is in the mean plane of the four corners and parallel to the girder longitudinal
axis.

e The Zp axis is perpendicular to the mean plane of the four corners.

e The X p axis is in the mean plane of the four corners at the origin and perpendicular to
the Yp axis. .

The plane Xp0pYp is horizontal within 0.1 mm, i.e., 0.02 mrad as a longitudinal tilt
angle and 0.2 mrad as a transversal tilt angle; the Zp axis is vertical within the same accuracy
along the two angular components.

Despite the accuracy of the photogrammetric process, within 50 p spatially at 1o, and in
order to include the uncertainty on the definition of the CS, all the results documented in the
reports were given within 100 g accuracy.

In fact the four corners, measured by standard precise level and metrological class theodo-
lite, were also measured by photogrammetry so that the coordinates given by that method
were directly expressed in the CS as described above.

Each submodule was equipped with 16 coded retroreflective targets (3 x 3 cm), 8 on each
side and arranged by two at four levels quoted respectively at 0.35, 0.88, 1.44, and 1.77 m
from the reference mean plane of the four corners measured and set horizontal as described
above. That regular arrangement permitted one to calculate the thickness of the module at
each level, to give the median plane at each level, i.e., the misalignment with respect to the
reference axis of the girder and then the spatial banana shape of the entire MODULE. Finally
there were 152 points measured on each side for the definition of the MODULE envelope and
its geometrical parameters, all referred to the girder as defined above.

In addition to these parameters, the best fit plane was calculated for each side as well
as the differences for each point to the mean plane so that the max. and min. values were
identified easily. The wedge angle was calculated for the entire MODULE and could be
extracted for each submodule.

Comments on the CS of the CERN photogrammetric method. 1. The girder may have the
following (compared with the drawing) distortions measured at JINR by the Dubna survey
group:

e The girder may have the «twist» angle oo (Fig.6); we measured this angle by the
minilevel: g = 1074 rad.

e The girder may have a banana shape (Fig. 7).

Nominal

Fig. 6. «Twist» of the girder
Fig. 7. Sagging («banana») of the girder

Sagging may reach a value of § = 0.6 mm. As the girder bottom surface is not flat, the
possible final effect is that the CS can be not orthogonal. It seems to us that this is practically
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impossible to take this effect into account as one cannot determine the shape of the bottom
girder base (down plane) for the already assembled MODULE.
2. The lines of the long side edges of the bottom girder base are not straight-lined and
sagging may reach 6,nax = 0.6 mm (Fig. 8).

JI 8, The difference §; # J, may lead to the
______________ T | asymmetric location of the coordinate centre
. R mJ Op.

1s, 3. As was already said, the girder arrived

from Romania with some residual «twist»
Fig. 8. Sagging of side edges of the girder bottom along the longitudinal axis and this twist may
base reach s = +2-10* rad (our data for girder
12). One can measure the twist before the
MODULE is assembled, or before submodules are positioned. After the MODULE is fully
assembled, the twist amplitude will change in an uncontrolled manner. If, however, one
assumes that this change is insignificant, one can conclude
that the vertical axis of the girder is oriented to the an- Vertical 4
gle px = £2-107% rad relative to the vertical axis of line_r— ?x
the submodule (see Fig.9). This effect (twisting of the
girder) will finally influence the photogrammetric data:
the measured «distance» (distance from the ideal MOD-
ULE surface to the nearest points of the real MODULE)
will be larger on the one side of the MODULE and smaller
on the other. In other words, the pseudo-worsening of the
photogrammetric measurement data will take place.

It must be noted at that stage that one advantage of the A
photogrammetric method is to give a full complete geo- Girder ]\BK
metrical envelope of the MODULE referred to a proper
reference attached to the object itself, namely, the girder ®c 5 Horizontal
which is the real backbone of the assembly of the MOD- A line
ULES. See the section on the measured points.

Comments on the CS of the JINR laser method. Ac- Fig. 9. Relative position of the sub-
cording to «item 3» (see above) the systematic error will module and of the «twisted» girder
appear in determination of the coordinates of the bottom-
line along the X axis. The magnitude of this error (for maximal observed ¢ = +2-10~* rad
of the girder twist) will be A = 60 pm, which is compatible with the measurement precision.
Note that following the MODULE assembling technology, the girder is to be positioned on
the base unit in such a way that its «twist» must be symmetric about horizontal line (Fig.9).

Submodule

2. DATA PRESENTATION

The results of both methods are presented in the form of the table (see Appendix 5) of
deviation of the measured points from the surface of the nominal MODULE (Fig. 10).

— Top size «A» is the size that coincides with the width of the narrow part of the master
plates in the indicated place.

— The «1-2-3-4» contour coincides with the contour of the master plates.
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B I e
‘B\,N

Fig. 10. Position of the nominal MODULE in the laser method coordinate system

For the laser method the dimensions of the nominal MODULE are:

A = 223.31 mm, top (narrow) base;

B = 408.80 mm, bottom (wide) base;

C = 1942 mm, height;

L = 5600 mm, length;

B’ = 414.16 mm, theoretical dimension derivable as a result of master plates imaginary
extension on the 1942 mm height.

The nominal MODULE must be positioned in such a way that positive maximal deviations
of both sides of MODULE became equal (sort of «symmetrization» of the positive deviations).

3. RESULTS OF COMPARISON

Transformation of the Laser Data to the Photogrammetric Data. Figure 11 presents
nontransformed (primary) data for both methods (see item 1 of the comments on the CS of
the photogrammetric method). Recall that the twist angle ¢ = 2 - 10~* was determined for
the girder of MODULE No. 10.

We find it rather logical to assume that the MODULE No. 8 twist is also ¢ ~ +1074,

If so, one may expect that (attention!) MODULE No. 8 in the laser measurements will be
turned as a whole by an angle of = 10~ rad as compared with the photogrammetric method.

This assumption is confirmed by the measurement data disposition (Fig.11). Indeed, if
one turns the laser set of measurements by an angle 6, = 0.8 - 10~ along the Y axis, the
laser data set practically coincides with the photogrammetric series.

One more disagreement between the data of both methods is clearly visible (see Appen-
dix 5). The envelope top overall size chosen in the photogrammetric method (the A value in
Fig.10) is 0.3 mm narrower than in the laser method (see Appendix 5).

Direct caliper measurements of the outer dimensions of the master plates on the narrow
part (these are the dimensions which determine the envelope top overall dimension) indicate
that the master plates were manufactured about 0.3-0.4 mm smaller than the nominal size. It
is in favor of the overall dimension chosen in the laser method (see item 3).

To reach the most complete data coincidence we turned the laser data by an angle 6y =
0.8-1074 rad with respect to Z axis and also made the overall dimension noncontradicting in
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Fig. 11. Line Bel 1 measurement data by the photogrammetric and laser bottom-right methods with no
correction applied for MODULE No. 8

Fig. 12. The same as in Fig. 11 but after correction (turn by 0.8 - 10~ rad)

both methods (Fig. 12). The value obtained for §, agrees with the above estimate correction
angle =~ 10~ rad.

In Figs. 11, 12 the data analysis shows good agreement for the shapes of the curves, too.
Appendix 6 represents a very full data set and shows that after «turning» correction (see
above) laser and photogrammetric results are in agreement with the precision quoted on the
hystogram. The o value of the distribution of Dy —Dp differences (or «distances»), measured
by the laser and photogrammetric methods is: ¢, = 65 ym for bottom lines; ; = 90 um for
top lines.

As was mentioned in the introduction, the o, value for the top lines always turns out to
be larger than oy.

All the above results confirm the quoted measurement precision. The coincidence of the
shapes of the distributions of the results obtained by both methods is enough to state that both
methods are close in precisions.

CONCLUSION

Measurements performed by both methods indicate that MODULE No. 8 is within toler-
ance (0.6 mm from the nominal size).

Impressive coincidence of both laser and photo fully independent methods has been
achieved by applying two corrections;

— turning of the laser method data by an angle 8y = 0.8-10~* rad with respect to the Z
axis;

— correction of the nominal MODULE width in the nominal MODULE top part (see item
3, size «A») chosen in the photo method; this correction is based on direct measurements of
size «A».

So the results of measuring the <sMODULE geometry» by both methods coincide with an
accuracy of about (0y + 0;)/2 = 80 um.
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All the above-said allows one to conclude that, as we understand:

It seems very important to use both methods (they are independent) for fulfilling such a
complex technical task as the precision assembly of the barrel hadron calorimeter and a much
more difficult task like final assembly of all ATLAS systems in the near future.

The joining of the JINR and CERN groups’ efforts might lead to the rise of engineering
culture of a new generation: high-precision metrology when precision assembling of large-
scale massive objects.
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Appendix 1
LASER MEASUREMENT SYSTEM (LMS)

Parts of the measurement equipment we use, are precision instruments industrially pro-
duced: CALIPERS (£20 um precision) and MINILEVEL (£10~° rad/m precision).

The special laser measurement system (Fig. 13), we have designed and constructed, has a
potential of precision of £50 um when operated over a distance of typically 6 m in length. The
gaining factor has been in the combination of this precision to an operation and manipulation
simplicity for this device.
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The LMS has been designed and constructed for the
control of the surface geometry. The LMS (Fig. 14) con-
sists of a laser and photo-detector (PhD) built up by four
independent parts; both the laser and the PhD are fixed on
special and high-precision adjustment units.

The LMS measurement principle was proposed by
the authors for an ecarlier [2] application. Its princi-
ple is based on the measurements of the distance H (1)
between the surface under control (LL’) and the axis
of the laser beam directed in a quasi-parallel way to
that surface (Fig.14). By positioning the PhD de-
tector at different positions A(i), the associated val-
ues of H(i) are determined by adjusting (using a sys-
tem of a microscrews) the centre of the photo-detector
relative to the laser beam. The full surface geom- Fig. 13. Measurement system: 1 —
etry is determined by a series of such measurements quadrant photodiod; 2 — magnetic
(Fig. 15). bases; 3 — laser

Laserray
Laser AN PhD

4

A A
_Llmoy l H()
L A(0) AQ) am T L

Fig. 14. LMS measuring principle

The measurement precision is lim-
ited by the precision of the adjust-
ment system and by the air convective
fluxes, which can be noticeably im-
proved by positioning the laser beam
inside a special telescopic dielectric
tube.

Multiple measurements done with
our LMS have shown that the standard
deviation value for individual H(n)
measurements on a 6 m long calibrated
base is 30 yum. By adding to this the
intrinsic precision, the precision of the
positioning of the LMS system on the
surface to be measured (specific sub-
modules surface), the resulting mea- Fig. 15. LMS during assembly and quality control
surement precision for the entire arca
(1.9 x 5.6 m) of the MODULE side surface is within £50 um.
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Appendix 2
DUBNA LASER MEASUREMENT SYSTEM MAIN COMPONENTS

2 8 31 6 7 1

I\
H
rs
L}
, , #
10cm 4 9 10 5
Fig. 16. Dubna Laser Measurement System main components: / — laser; 2 — power module; 3 —

adjustment module; 4, 5 — quadrant photodiode devices (4 — type I; 5 — type 1I); 6, 7 — positioning
module (6 — type I, 7 — type II); 8, 9, 10 — magnetic base (8 — type I; 9 — type II; 10 — type III);
11 — multimeters

Appendix 3
GEOMETRICAL AND PHOTOGRAMMETRIC OPERATIONS
FOR THE MODULE No. 8

Scale bars:
accuracy 20 microns

............. -1 30 x 30 mm
- Retroreflective coded target

Plug-in tripod' for setting-up
precise distancemeters and
measuring longitudinal distances

«. of the two sides of the girder:

= accuracy 100 microns

Girder: the bottom part is hotizontalized within
100 microns — accuracy 50 microns —
before any further measurements

Fig. 17
The MODULE No. 8 was measured at CERN in January 2000, first by theodolite (see the

results on http://edms.cern.ch/document/309991/1) then by photogrammetry (see the results
and the comparisons on http://edms.cern.ch/document/309987/1).

IThis tripod was also used for the first measurement by theodolite: specific targets were hold in the gap between
two successive plates so that the target was referred to the average external surface of four successive plates apart
the gap.
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CERN MAIN PHOTOGRAMMETRIC EQUIPMENT

— DCS 460 — sensor CCD => 6 millions pixels/pixels =9 m
— 18, 20, 24 mm lenses
— Rollei DPA/CDW software package

Usual retro-reflective targes  Strips and coded labels

f/16, f/22 = under-exposed photos

=> necessity of reflective targets and annular flash

=> good contrast

=> image processing precision = 1/30 pixel = 0.3-0.4 m

Fig. 18

Appendix 4
WHAT IS DIGITAL PHOTOGRAMMETRY?
«.3-D COORDINATE MEASURING TECHNIQUE

Real object
with targets

XYZ coordinates

_> ‘ - :
— Image processing «—> Geometrical —>

process

B (@) =
30 u_>;3 30

At least two images from two different locations. One cannot measure the object itself... but its image.

Geomentical process:

1. Multi-image orientation

Resection = process that enables one to know

the camera position and aiming angles

Triangulation = intersecting lines in space,
computes the location of a point in all three dimensios

=> Approximate positions and approximate coordinates
=3 translations + 3 rotations

Fig. 19
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2. Perspective rays adjustment:

interior (image system — self calibration — systematic error camera)
and exterior orientations (object system) of the camera adjusted together

Scaling photogrammetry:

= Need to use calibrated 2=
. scale bars and/or known ! M
distances on the object y
i \

Forms! Dimensions? Forms! Dimensions!

Least squares = 3D object coordinates = statistical analysis = error budget...
geometrical modeling... as built/reverse engineering...

Fig. 20

Appendix §
DEVIATION OF THE MEASURED POINTS
FROM THE SURFACE OF THE NOMINAL MODULE

The results of the LASER (Bot R, Top R, Top L, Bot L) and photogrammetry (Bel 1,
Bel 4, Gex 4, Gex 1) methods are presented in the form of the table of deviation of

Table 1

No. Right side Left side

of Distance for Distance for Distance for Distance for
submo- bottom line top line top line bottom line

dule Bell | BotR | Bel4 | TopR | Gex4 | TopL | Gex 1 | BotL
1 —-0.12 | —-0.18 0.04 | —0.28 0.22 | —0.23 0.30 | -0.18
2 —0.10 | —0.14 0.11 | —0.14 0.13 | —-0.35 0.23 | —-0.21
3 -0.12 | —-0.17 0.17 0.06 | —0.10 | —0.44 0.28 | —-0.22
4 —-0.11 | —-0.21 0.14 | -0.13 | —0.02 | -0.33 0.19 | —-0.17
5 -0.16 | —0.31 0.08 | —-0.34 0.00 | —0.22 0.18 | —0.12
6 -0.15 | —0.22 0.19 | —0.22 | -0.11 | —0.24 0.10 | —-0.19
7 —0.05 | -0.29 0.21 | —0.08 021 | —0.44 0.06 | —0.28
8 —-0.06 | —0.18 0.14 { -0.11 | -0.10 | —-0.12 | —0.07 | —0.25
9 —0.03 | -0.18 0.22 | —0.16 0.12 | —0.22 0.04 | —0.19
10 0.04 | —0.23 0.29 | —0.06 | —0.27 | —0.26 | —0.04 | —0.18
11 0.02 | -0.18 0.07 | -0.32 | —0.16 | —0.28 | —0.14 | —0.29
12 0.03 | —0.25 0.12 | —041 0.06 | —0.05 | —0.04 | —0.21
13 0.12 | —-0.21 0.08 | —0.40 0.00 | —0.01 | -0.11 | —0.25
14 0.05 | -0.21 | —0.06 | —0.54 0.06 0.18 | —0.04 | —0.19
15 024 | -0.21 | —=0.05 | —0.49 0.18 0.14 | —0.03 | —0.20
16 029 | —-0.20 | —0.16 | —0.70 0.33 0.26 | —0.06 | —0.24
17 0.23 | -0.18 | —-0.09 | —0.58 0.38 0.52 | —0.06 | —-0.17
18 0.24 | —0.24 | —0.25 | —0.86 0.33 0.35 | —0.14 | —0.22
19 024 | -0.21 | —0.29 | —0.96 0.38 0.48 | —0.16 | —0.21
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the measured points from the surface of the nominal MODULE for each submodule. The left
(right) side of the MODULE is the side on the left (right) of the observer looking from the
SM1 along the MODULE

Appendix 6
RESULTS OF COMPARISON
Deviation, mm N
0.4 a 6 b
0.3 - —A— Laser
—n— Photo Mean = 0.01 mm
0.2 4 4. Sigma = 0.06 mm
0.1 |
0.0 1
L 27
2738
K
-0.2 4
L
03 +—T—rrTrTrrrTrr T T T T T T 0
1 3 5 7 9 11 13 15 17 19 -0.1 -0.05 0.0 0.05 0.1

N RMS, mm

Fig. 21. Line Bel 1 measurements data by the photogrammetric and laser bottom-right methods after
correction (turn by 0.8 - 10™% rad)

Deviation, mm N
- 8_
0.5 a b
0.4 1 1
T Mean=-0.01 mm
0.3 ! " 6 Sigma =-0.076 mm
024 I 1
0.14 4
0.0
~0.1-
2
—0.2 1 I
-0.3
T T T T T T T T T T T T T T T T T 1 0
1 3 5 7 9 11 13 15 17 19 -0.15 -0.05 0.05 0.15
N RMS, mm

Fig. 22. Line Gex 1 measurements data by the photogrammetric and laser bottom-left methods after
correction (turn by 0.8 - 107 rad)
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Deviation, mm
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Fig. 23.
correction (turn by 0.8 - 1074 rad)

Deviation, mm
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Line Bel 4 measurements data by the photogrammetric
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and laser top-right methods after
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Fig. 24. Line Gex 4 measurements data by the photogrammetric and laser top-left methods after

correction (turn by 0.8 - 10™* rad)
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KAJIMBPOBKA ITY4KOBOI'O ITIOJIAPHMETPA
HA CHHXPO®A3OTPOHE OHUAN

JI. C. Axeupeii ¢, A. A. Xoanoe S B.H.Xuvipoe®, B.II. Jlaosieun®,
@. Jlezap ®, A. H. IIpoxogwes ®, I'. 1. Cmonemos ®

¢ O6BeIMBEHHBIA HHCTHTYT A4EpHBIX HccnenoBanui, lybna
° [erepByprekuit HHCTHTYT anepHo# ¢usuku PAH, Tarunna, Poccua
“ DAPNIA, CEA/Saclay, Gif-sur-Yvette Cedex, France

Onwucanbl pe3ynsTarsl KaTMOPOBKH NONIPHMETPA, NPeJHA3HAYE€HHOIO JUTS H3MEPEHHS BEKTOPHOH KOM-
NOHEHTHI NMOJIAPU3ALMH NydKa ACHTPOoHOB Ha cunxpodazoTpone OUAHN. Tlpusonsarcs nanusie 06 ananu-
3UpYIOLLEH CMOCOGHOCTH YNPYroro pp-paccesHus Ha yron 14° g m.c. B 06nacTu MMNyILCOB NMPOTOHOB
or 1,18 no 3,46 I'sB/c u adexruBHON aHanu3vpyowed cnocoGHOCTH paccessHHA NMPOTOHOB Ha TMOJMN-
ITWIEHOBOH MHLIEHH HA TOT X€ Yrojl NpPH HUMNYJIbCax NpoToHoB Mexay 1,4 v 2,8 I'sB/c. Tlonyyennsie
Pe3YNbTAThl UCNIONBL30BATKCH A1 M3MEPEHMs MONAPH3ALMH NyyKa JEHTPOHOB B OMNbITAX 10 H3MEPEHHIO
Pa3HOCTH TONHBIX CeuyeHH# np-paccesHus NpoAoNbEHO-NOISPH30BAHHBIX HEUTPOHA M MPOTOHA C Pa3NHY-
HbIMH OPMEHTALIUAMH CIIHHOB.

The results of calibration of the polarimeter for the measurement of the vector component of the
polarization of the deuteron beam at the JINR Synchrophasotron are presented. The data on the analyzing
power of the elastic pp scattering at an angle of 14° (lab. syst.) in the range of proton momenta from
1.18 to 3.46 GeV/c and on the effective analyzing power of the proton scattering on polyethylene target
at proton momenta between 1.48 and 2.79 GeV/c are given. The data obtained were used to measure the
deuteron beam polarization during experiment on the measurement of the total cross section difference
Ao in np transmission.

BBEJIEHHE

Hccnenosanue monsgpu3alMOHHBIX SBJICHWH B SICPHBIX pPEakUHAX Ha cHHXpoda3oTpoHe
OHAH [1-6] norpeboBaio co3maHHA MNOMAPHMETpPA AN MOHHTODHPOBAHHA BEKTOPHOH KOM-
[IOHEHTH] MOJIAPH3ALMY MYy4Ka AeHTPOHOB, MOCTABMAEMbIX HOHHBIM HCTOUHHKOM [7]. C aToi
LETbI0 HA KaHale MeIJIEHHOTO BbIBOXA CHHXPO(ga30TpoHa OBUT COOPYXEH HOJIAPUMETP, M3Me-
PAIOILAHA aCHMMETPHIO pacCcesdHHs NMPOTOHOB HA MOTHITHWICHOBON MHIIEHH [8].

[TonspuMeTp COCTOMT U3 MUILEHH W HaNpARICHHBIX HA HEE YETHIPEX TEJIECKOMOB, KaXIBIH
H3 KOTOPBIX CONEPXHT 10 ABa CUHHTWUIALUMOHHBIX cueTunka. Obe naphl TENECKOMOB ycTa-
HaB/IMBAIOTCA B TOPH30HTABHONH NIOCKOCTH (BEKTOp CMHMHA JACHTPOHOB OPHEHTUPOBAH BEp-
THKIbHO) IIOX YIVIaMM OTHOCHTENBbHO WAaJalolIero Nnyyka, COOTBETCTBYIOIUHMH KHHEMATHKE
YHPYTOro pp-paccesHus M PacCesHHOH YacTUUB! U yacTHLbl OTHaud. TakuM obpasom, YeTsl-
PEXKpaTHbIE COBHANEHHS CHTHANOB CO CUMHTHUIALUMOHHBIX CYETUHKOB MO3BOJIAIOT BHIAENSATDH
cOOBITHA, COOTBETCTBYIOLUME YIIPYTOMY (M KBa3HYIpYIOMy) Pp-PacCESHHMAM, H OXHOBPEMEHHO
PETHCTpHPOBATh CIyYad paccesHUs HanpaBO M HAEBO, ONpENEIAIOUIME aCHMMETPHIO pacces-
Hus. Bonee petanbHoe OnucaHue NONSPUMETpa NpHBOAMTCA B [8].
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OcHOBaHHEM JUIR CO3[aHUS ITOTO TOJIPUMETPA MOCHYXWIO TO, YTO, C OJHOH CTOPOHBI,
MoJIpU3aLUMsA NPOTOHOB (M HEHTPOHOB), BEUIETAIOLUMX BIEpPEN B pe3yabTaTe pa3Bala ACHTPOHOB
Ha MHLIEHM, paBHA IOIIPU3aUMH JEHTPOHHOIO INyYykKa; C APYrod CTOPOHBI, M3BECTHO, YTO
aHaTU3MPYIOLINE CTOCOOHOCTH YIPYroro H KBasUylnpyroro pp-paccesHuil B INPOKoi# o6nactu
3HEpruil oguHaxossl [9].

[TOMHMO OTHOCHTEIBHOTO MOHHTOPHPOBAHHS MOJAPH3ALNH My4Ka, MONAPUMETP MOXET HC-
M0JIb30BaThCA M 11 U3MepeHHs abCOMOTHOMH BENMHYMHBI OMSPH3ALKMH; LTS 3TOr0, OXHAKO, OH
noxeH 6biTh npokanubposan. [1pobieMe KanMOPOBKH Iy4KOBOLO NOJIIPUMETPA M MOCBALIEHO
HacTosllee COOOLIEHHE.

KAJIMBPOBKA ITOJIAPHMETPA

[IpexsapuTesibHasg KanuGpoBKa My4KOBOTO NOJIPHMETpa (T.e. OnNpejefeHHe BETMYHHBI
A(CH,) — ananusupywomei crnocoGHOCTH IS paccesHus Ha MONHITHICHOBOW MHILEHH)
6bu1a BeinoniHeHa [10] mo pe3ynbraraM M3MEpeHHs BEKTODHOH NOJSAPH3ALMH NydKa OEHTPO-
HOB B 3KCIIEPDHMEHTaX I10 ONPENEC/ICHUIO PA3HOCTH TIOJIHBIX cedeHHH Ao np-paccesHHs B
ceadcax 1995 r. {1] u 1997 r. [4]. A6conoTHad BEJTHYMHA BEKTOPHOH MONApH3AUMU TMyYyKa
6buta mosmyuyeHa B ceaHce 1997 r. mo pesynbTaTaM H3MEPEHUS aCUMMETPHH WIS Pa3HOCTH
CH;~C u u3BeCTHOI aHanU3MpyloUled CIOCOOGHOCTH pp-paccesHUs NMPOTOHOB C MMIYJIbCOM
1,48 I'sB/c Ha yron 14°. Ortciona 6bula onpegeneHa seKTHBHAd aHATH3UPYOIIas CrHo-
cob6HocTh ans paccesuns Ha CHo. [lanece, npuBa3biBasgch K 3TOH BEJMYMHE, Ha OCHOBAHHH
u3Mepenuin acummeTpiuu Ha CHo B ceancax 1995 u 1997 IT. Hamwin UMRYJIbCHYIO 3aBUCHMOCTD
A(CH2) nns paccesHus nporoHoB Ha yron 14° B unrepBaite ot 1,48 no 3,0 IaB/c. Takum
o6pazoM, aGcomoTHbie 3Hayenus A(CHo) ObUTH NOMydeHBl, NO CYIIECTBY, [10 H3MEPEHHIM MPH
OIHOM HMITyNbce AeHTPOHOB, 2,96 IB/c.

B 2001 r., B ceance maMepeHud pasHOCTH Aoy MNpeICTaBWIACh BO3MOXHOCTb IPOBECTH
6onee netanbHyl0 KanMOpPOBKY MYYKOBOTO IoJiapuMeTpa Wi pacceanus Ha CHo Ha yron 14°.
N3MepeHns acummeTpun pp-paccesHus mo pasHocTH CHo — C ObLnu BEIIOMHEHBI NpH KHHETH-
yeckHX aHeprusax mpotoHos 1,4, 1,7, 1,9 u 2,0 I'sB. Axanusupymomas cnocobHocTh ynpyroro
pp-paccesHus B MHTepecywuled Hac o61acTH ®HEPrHi NMpOTOHOB ObUIA OrpenesieHa 10 MH-
POBBIM AZHHBIM O MOJSPH3ALMH, BO3HUKAIOLICH TMPH pACCESHUH HEMOJIPU30BAHHOTO Ny4Ka
Ha HEMONIAPU3OBAHHOW MMLIEHH, M MO JaHHBIM 00 aHAIH3HPYOIEH CHOCOOHOCTH YIPYTOro
PpP-paccesHus, MOMYYEHHBIM Ha MOJIApH30BaHHON MHLIeHH. C 3TOM LENbI0 UCNOJIb30BAIHCH
PEe3yJIbTATHl H3MEPEHHIi YIJIOBBIX 3aBUCHMOCTEH MOJIIPU3ALMK B YIIPYTOM Dp-PACCESHUH B MH-
TEpBajie YINOB paccesHus ©* B c. 1. M., BKIOYawWux yron 14° B ma.c., u3 pabor [11-33],
npusenennsie B 6ase gaHHbIX [34]; nawdble 06 aHanu3upymowed cnocobHoctH Agono(pp) B
okpectHocTH 2,2 ['aB/c [35]; pesynprarsl HeAaBHHX H3MepeHHH GyHKIMH BO3OYXKICHHS aHa-
Ju3upyoilei criocobHocTH pp-paccegHud Ha yckopHtene COSY [36].

Yr1s10Bble 3aBUCUMOCTH aNMpPOKCHMHPOBATHCH BLIPAXKEHHEM

PO") =) ai(®"), (1)
=1

e a; — MOATOHAEMBIE apaMEeTPHI; YIJIOBBIE 3aBUCHMOCTH H3 6a3bl naHHbIX [34], u3MepenHble
npu uMmnynscax < 1,7 I'sB/e, dputupoBainch 10 3HaYeHHd n = 2, OCTanbHble JaHHBIE — N0
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3HaueHUs 1 = 4. VI3 yI10BbIX 3aBUCMMOCTEH Agono(pp), npusegeHHeIx B [36], MHTEpecyoHEe
Rac 3HaueHus MO yrioM 14° B 71.c. npu uMmymscax Boimie 1,910 ToB/c Gbun HalileHbl nyTeM
MHTEPIONSALAH, a HHXE 3TOr0 3HaYEHHS — NyTeM 3KCTPArnOoNIsALHH. Yro kacaercs pabor [31]
¥ [35], B KOTOPBIX M3MepeHHUs NMPOBOMWIKCH MOA YraoM 13,9° B I C., IPEANONAratocs, YTo
STH JAHHBIE MOXHO OTHECTH K yr1y 14°, DONyCTHB JiMuib He3HauuTenbHywo owubky. [lapa-
METpBl, BHIYHCIICHHBIE B pe3y/ibTaTe annpOKCHMAUHH BCEX YIOMAHYTHIX JAHHBIX BHIDAXCHHEM
(1), MO3BOIWIH HAaHTH 3HAYEHHSA MOJIAPU3ALUH P,,(14°).

HaiigeHHble 3HaYEHHs, YHCIEHHO PABHBIC aHAIM3HpYIOLIEH cnocobHoCcTH Agono yNpyroro
pp-paccesHud Ha yroi 14°, 0xa3anoch BO3MOXKHEIM aNMpOKCHMHPOBATh IU1aBHOH 33BHCHMOCTBIO
OT MMNY/bCa MPOTOHOB B MHTepBaie oT 1,185 no 3,464 [aB/c:

A(p) = (0,6658 =+ 0,0066) — (0,1236 % 0,0055)p + (0,0077 + 0,0012)p" o)

npu otHowennu x2/ndf = 270,7/142 ana 145 3navenuit nonspusauny. Jlunelinas annpok-
CHMAaUHs [AeT pe3yyibTaT

A(p) = (0,7056 % 0,0041) — (0,1605 = 0,0015)p 3)

npu oTHoweHWH X2 /ndf = 278,7/143. DKcnepHMECHTAIbHBIC JAHHBIC W PE3Y/ITAT allpOK-
cUMauMH ToKazaHel Ha puc. 1, a. Ha puc. 1, 6 mokasanbl JaHHBIE H annpOKCHUMHPYIOILad
3aBHCHMOCTb B MHTEpBaie MMIYIbcoB oT 2,7 1o 3,5 ['sB/c; 31a 06nacTh jaeT HauGONbIUMA
BKJIaJ B BEJIHYHHY X .

2.8 3 32 34
p,IB/c p,B/c

Puc. 1. 3aBUCHMMOCTh anHanusupymoluell cnoco6HOCTH YNPYroro pp-paccesHus Ha yrol 14° B 1.c. ot
MMIIYNBCA IPOTOHOB. DKCMEPUMEHTANLHEIE JaHHbIE: d) CBETNbIE KPYXKKH — [34]; remusle ToukH — [31,
35, 36]; 6) ceetnsie Kpyxku — [34]; 3Besmoukn — [31]; kBampaTsl — [35]; poM6u — [36]

Haijinennass 3asucumocTh A(p) WIS pp-paccesHHs M pe3yNbTaThl HIMEPEHHA aCHMMETPHH
wis passoctd CHo —C nossonunu onpenenuth 3(GeKTHBHYI0 aHATHIHPYIOILYIO cnocobHOCTh
s paccesuus Ha Muuend CHo npu KHHETHYECKHX SHEPIHAX MPOTOHOB 14, 1,7, 19 1
2,0 T=B.

KpoMe 3T0r0, 6bUTM 3aHOBO MPOAHATU3APOBAHB PE3YILTATH H3MEPEHUS ACUMMETPHH Jid
pasHoctd CHz — C B ceance 1997 r. 1ipu paccesHUM NPOTOHOB C HMITYILCOM 1,48 I'saB/c na yron
14°. VTouHeHHbIE 3HAYCHHA COCTABIUIM: aCHMMETPHS B pp-pacceduun ¢(pp) = 0,273 = 0,008;
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Tabauya 1. DdderTHpHBIE ananH3HpyIONMe criocobHocTH A(CH2) mns paccesHHA IMPOTOHOB HA YToJ

14°, u3MepeHHbIE MYy<IKOBBIM NOJIAPHMETPOM

pa, [3Blc | Ty, I'sB €(CHa) A(CH») PaBota
2,96 0,81 0,231 + 0,005 | 0,395 + 0,008 TMepesopm. [10]
4,28 1,40 0,156 + 0,005 | 0,301 & 0,012 | Hacroswas pa6ora
4,28 1,40 0,151 £ 0,008 | 0,275+ 0,015 | Hacroswas pa6oTa
4,72 1,60 0,168 £+ 0,003 | 0,286 + 0,009 IMTepexopm. [10]
4,93 1,70 0,121 + 0,004 | 0,225 & 0,009 | Hacrosuiaa pabora
3,14 1,80 1 0,144 £ 0,004 | 0,246 &+ 0,009 Meperopm. {10]
3,36 1,90 | 0,1134 0,004 | 0,206 + 0,013 | Hacrosuuas pabora
5,57 2,00 ! 0,103+ 0,002 | 0,187 £ 0,005 | Hacroswas pabora
6,00 2,20 0,086 + 0,003 | 0,147 £+ 0,007 Iepenopm. [10]

onpejesieHHas W3 COOTHOLIEHHA (2) aHanu3upywlas cnocobHocTs pp-paccesHus 0,466; no-
napusauus nydka P = 0,586 £ 0,017 (yro cornacyerca c¢ pesynsTatamu paborel [10]);

A(CH,)

L
2,5 3
Py I'aB/c

Puc. 2. 3asucumocTb 3¢peKTHBHON aHamu-
supytowteit crniocobuocty A(CH:) ans pac-
cesHuss Ha yron 14° B n.c. OT MMmnylsca
npoToHoB. CBeTNbIMH KPYXKaMH TOKa3aHbl
nepeHOpMHpOBaHHble naHHble paborsr [10],
TEMHBIMH KDYXKaMH M CBETJIbIM TPEYNOJIbHH-

KOM — [aHHble Hacroswed paboT

acummerpus B paccedunmn Ha CH, €(CH,) =
0,2314 £ 0,0054; adexTUBHAT aHATH3HPYIOLIAst
cnoco6HocTh npy 1,48 IB/c A(CHz) = 0,395 +
0,008.

MMepenopmupoeka 3xavennit A(CHy) mna T,
paBubix 1,6, 1,8 u 22 I'sB, Ttpebyer otaens-
Horo moscHenus. Jleso B TOM, 4TO B mpolecce
o6paborku mauHbix ceaHca 1997 r. 6buto 3ame-
YeHO yMeHbLIEHHE BEJIHYHMHBI MONAPH3ALHH MTyyKa
B Xode u3MepeHus napamerpa Aoy, M 3TO J0Ka-
3bIBAET HEOGXOAUMOCTD HENMPEPLIBHOTO MOHHTOPH-
poBaHus ronsgpusaunu. [TonyyeHHsle B mpouecce
MOHHTODHPOBAHHS 3HAYEHHUS ACHMMETPHUH B pac-
cesnun Ha CH, 3aTeM GbUTH 3KCTpanonMpoBaHbl K
«HYJICBOMY» MOMEHTY BpEMEHH B NpPEANOIOXEHHH,
4TO MOJAPHU3ALHNA B XOIE BCEIO CEAHCA yMEHbIIa-
J1ach JTHHEHHO, HMEHHO 3TH SKCTpaNOlHPOBAHHBIE
3HaYeHMs M TpuBeldeHsl B Tabn. 1 u Ha puc.l pa-
6otel [10]. Ceituac, opHako, SCHO, YTO MpPEeAnNo-
JIOKEHHE O JIMHEHHOM Jpeiice BEITHUHHBI [OJIAPH-
3aLMM B TEYEHHE BCEIO CeaHca J0CTATOYHO MPOM3-
BONIBHO, 3TOT Apeii(h XapakTepeH TONBKO IS NepH-
Ola MOHMTOPHUPOBAHHUS, MOITOMY BMECTO IKCTpa-
MOJIAPOBAaHHBIX 3HAYCHHUH CJieMyeT HCIIOIb30BaTh
H3MEDPEHHBIE 3HAYEHHA aCHMMETPHH, YKazaB BO3-
MOXHBIe cHCTeMaTHyeckue omubku. Bce nanHbie

1o 3¢ ¢eKTHBHOIT aHanu3upywouel crocobHocT mg paccesHus Ha CHo, BkI04ad nepeHop-
MupoBaHHble HaHHble paborei [10] M maHHble, monyyeuHsie B ceance 2001 r., mpuBeneHsl B
Tabsn. 1 ¥ Moka3aHbl Ha PUC. 2 B 3aBUCUMOCTH OT MMINYJIbCAa HPOTOHOB.
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Jannusie 06 3¢dekTHBHON aHaM3Upylollel criocobHocTy n1a paccesuus Ha CHo MoxHO

annpoKCHMHPOBATh 3aBUCUMOCTBIO

Aci, (p,) = (0,642 + 0,016) — (0,163 = 0,006)p,,.

4)

OtmeTeM, yTO B Tabn. 1 ¥ Ha pHC.2 yKa3aHBl YHCTO CTaTHCTHYeCKHe OIHOKH. Pasbpoc
3HayeHHH HA PUC.2 OTHOCHTEJIBHO allIPOKCHMUPYIOLIEH NPAMOH 1103BOJSET OLUEHHTh BO3MOX-

HYI0 CHCTEMATHYeCKylo owmuOKy STHX NaH-
HBIX, KOTopast cocramiser okoio 8%, kak
9TO ¥ yKassiBatoch B pabore [10]. Cnenyer
TaKXe OTMETHTh, YTO TENECHBIH Yroi Tons-
pumMeTpa B ceancax 2001 r. 6pu1 HecKONBKO
MeHblle, YyeM B ceaHcax 1995 u 1997 1T., uTo
HE CKa3a/loch Ha MONYYEeHHBIX Pe3yJIbTaTax.

Ipyroii cnoco6 KanHOpOBKH Ny4YKOBOIO
nojsgpuMetpa (WIH Xe ONpelelneHnd Nod-
pu3alMUd IMyykKa MO H3BECTHOH aHATH3HDY-
ouleil cnocoOHOCTH) OCHOBAaH Ha H3Mepe-
HMH 33aBHUCHMOCTH YHCJIa COBNAJEHHH CHIHa-
JIOB OT CUETYHKOB, PErHCTPUPYIOLIMX pacce-
SHHYI0 YaCTHIy W YacTHLy OTHa4H, OT yIJa,
O]l KOTOPBIM PacloIOKEH CONPAXEHHbIH Te-
JIECKOII.

Takne wu3MepeHus ObUIH TPOBEIECHBI
B Hione 2001 r. Ha mnyyke BEKTODHO-
HOMAPU30BAHHBIX ACHTPOHOB C HMIYJIbCOM
4,28 TsB/c. ¥Yron paccesuuss Gsul BhIGpaH
paBHbBIM 14°, mpu 3TOM yacTHUa OTIA4Y4 B
YIPYTOM pp-pacCesHHY BBUIETAET IO YIIOM
66,5°. Bonee monpoGHbie H3MEpeHHs, K CO-
XKAICHHIO, HE MOIIIH ObITh BBIMOJIHEHBI B XOJIE
9TOr0 3IKCMEPHMEHTA, OJHAKO MOJy4EHHbIE
pe3yNbTaTsl, NOKa3aHHbple HA pHC. 3, B 10CTa-
TOYHON Mepe WUIIOCTPUPYIOT OIMCHIBAEMBII
cnoco6 KanuOpoBKH.

H3MepeHHBIE YIJIOBblE 3aBHCHMOCTH all-
[POKCHMHPOBAIHCh BBIPAXEHHEM

N/monutop = Ny exp (—((© — 60)/00)?/2) + A(1 + BO).

N/monurtop

L(+)

05

0,25

0,5

0,25

Puc. 3. 3aBHCHMMOCTH OTHOILEHHA YHCa YeTbipex-
KpaTHbIX COBNaf€HHHA K 4MCIy OTCYETOB MOHHTOpA
OT YINOB, IO KOTOPLIMH DAacCll0JOXCHDbI CONIPAXKEH-
Hble TENeCKONbl OOJNIAPUMETPA, WIS Pa3sHbIX OpUEH-
Tauui CnMHA AEATPOHOB OTHOCHMTEIBHO TODH3OH-
TansHO# TiockocTH. CBeTnble M TEMHBIE KPYXKH
(Tpeyro/IbHUKH) COOTBETCTBYIOT PRCCESHUIO HAEBO
M HAIlpaBo YacTHL{ CO CTIMHOM, HalpaslIeHHbIM BBEPX
(BHM3)

&)

3peck nepBblid H BTOPOH wWieHbl NPEACTABIAIOT, COOTBETCTBEHHO, BKJIalbl OT PacCedHHs Ha
sIpax BOAOPOAA M HYKJIOHax yriepoga, cocramnsiomux mMuuens CHy. ITo 24 3sHaueHHAM 0T-
HoweHui N/MoHUTOp GUTH Ompenesiennt 11 napamerpos (napametpul ©g, o9 ¥ B 1s Bcex
YeTblpex pacnpedelieHuii 6bUTH OIHHAKOBH). TTOCKONBKY IUIOMAH Mo MHKAMH Ha pHC. 3 mpo-
NOPUMOHATEHE! TPOH3BeNeHHI0 N0, aCHMMETPHS PAaCcCCIHHs HA BOOAOPOJE NPEACTARIIETCS B
BHJIE

L*R~ — L R*

‘= L+ +L)R*+R) ©
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rne LY, L™, RT u R~ cyrb 3Hauenus napameTpoB Np, npruem L ¥ R COOTBETCTBYIOT pacce-
SHUAM HalleBO H HANpaBo, a HHIEKCHl «+» W «—» — 3HAKaM AOJAPH3ALHH.

[ToydeHHOE B 3TUX H3MEPEHHSX 3HAuYeHHE €p, = 0,2011 & 0,0082 mpuBoauT K nonspu-
3auMK nydka, pasHoit 0,550 £ 0,022. Acummetpus paccesnns Ha CHo, okasamach paBHO#
0,1512 + 0,0085, otkyna aHantusupyomas cnocodoHocts A(CHz) = 0,275 + 0,015. Dro 3Ha-
uyeHHe mpHuBeacHO B Tabu. 1 M B BHAC CBETJIOTO TPEyroJbHHKAa MOKa3aHO Ha puc.2. Bwumo,
YTO OHO COIIACYETCH CO 3HauYeHHeM, TMOJYYECHHBIM IIPH 3TOM XK€ HUMITYJIbce NPOTOHOB IAPYrHM
cnoco6oM. TOUHOCTB pe3ybTaToOB MOXHO GbUI0 OBl H NMOBBLICHTD, €CIU Obl YIAIOCH BEITOTHHUTD
H3MEPEHUS Ha KPbUIbSX YIJIOBBIX 3aBHCHMOCTEH.

3AK/IIOYEHHE

P B 3aknioyeHHe INIpHBEJEM pPE3YIbTaThl HM3Me-
pPeHHsd MOJIAPH3aLMH BEKTOPHO-II0JI1PH30BAHHOTO
L nyuka pediTpoHoe B ceance 2001 r., Bo Bpewms
0,7 M3MEpPEeHUIl pa3sHOCTH TMOJHBIX CE4YEeHHH mnp-
paccesHus Ao Ha MPONONBHO-MONSPH30BAHHbIX
My4yKe ¥ MHIICHH, MOJYYCHHBIE C TTOMOIBIO MyY-
0.6 KOBOTO MoJiipuMeTpa. M3aMepeHHs NpOBOIWIHCH
_4_ LU HayaJIbHBIX UMIYJILCOB OeiTpoHos 4,18; 4,93,
B ‘ ég i “ ‘J 5,36 u 5,57 I'sB/c. VYron paccesHus B nomnsapu-

L i — oy o
o5 f T 4 i MeTpe ObL1 BeiOpan paBHbIM 14°, W3MEPEHHS NpPO-
’ T BOOWINCHL no pa3Hoctu oT MAweHed CH,; u C,
- N HCIIOTTb30BATHCh 3HAYEHHS aHATH3UPYWIUEH Crno-
- (P)=0,528 % 0,004 coOHOCTH pp-paccesHUs B COOTBETCTBHM C COOT-
0,4 - nommenneM (1), Pe3ynbTaThl H3MepPEHNii, COOTBET-
0_ 5[0 ](;0 1510 200 CTBYIOLUME Da3HbIM 3HAYEHUAM MMIYJIbCA NIPOTO-
£ 4 HOB, B XPOHOJIOTHYECKOM MOpPAAKE MOKa3aHbI HA

puc. 4.

Puc. 4.  PesyinTaTsl H3MEpeHus BEKTOp- [Mockonsky B TeueHne GonblueH 4acTH ceaHca
HOM TIONSpM3AUMM TIyYKa NeHTpoHOB B ce- HCTOJIB30BANCA MyHOK C AByMd MOJAMH NOJpH3a-

ance 2001 r. npu pasubix UMnyascax geifrpo- UMH, Ha pHc.4 NpHBENeHb YCPEOHEHHBIE IO MO-
HOB: CBET/Ible KPyXKu — 4,28 [3B/c; Temnpie [aM TONApU3aLuu 3HayeHud. Cpenree 3HaucHHe

Kkpyxku — 4,93 TsBlc; ceemisie Tpeyron,- OAPH3ALMM B TEUCHHE YKA3AHHOTO BPEMEHH M3-
HukM — 5,36 TaB/c; TeMHble TpeyronbHukyu — MEPEHHH COCTaBHIIO (P) = 0,528 + 0,004.
5.57 ['sBlc UsMmepenns ¢ TpeMs MOIaMH MOJAPU3ALMH

MyYKa Aal0T BO3MOXHOCTh OMNpENeNUTh 3HAYCHHA

NOJIApH3ALHH, OTBEYAIOLIHE PAVTHYHBIM OpHEHTA-

UMAM CIHHA JEHTPOHOB OTHOCHTEIBHO TOPH30HTATLHOMN IUIOCKOCTH; TAKHE W3MEPEHHS TAKXe

NPOBOMWIHCH HECKOJILKO pa3 B XOfle CEaHCa. YC/IOBUSA H3MEPEHUH M NOMy4eHHbIE Pe3yabTaThl
npuseseHsl B Tabu. 2.

OTMeTHM, 4TO NpHBeNcHHbIE B Tabn. 2 nanHsle, nonydenusie 11 u 13.10.2001, B pesynsrate
yCpeNHeHUs MPHBOOAT K 3HAYEHHAM, [OKAa3aHHbIM B BHIE NMEPBOH W NMATOH TOYEK Ha puc.4.
Hamepenns 19.10.2001 r. npoBoaKIHCE C TOMOLUBIO NMOJIAPUMETPA, PACMIONOXEHHOTO B hoKyce
F3 kanana MemneHHoro BeiBoga BII-1.
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Tabauya 2. Ilonspu3auua my4Ka JeHTPOHOB ¢ MPOTHBOMOIOXKHBIMH OPHEHTAUMAMH CITHHA

Bpems Pd, | Yron pac- | MHweHb A P(+) P(-)

nsMepennid | I'sB/c CessHHUA

06.10.2001 7,6 8° CH: 0,212 | 0,533 £ 0,073 | —0,628 £+ 0,072

11.10.2001 | 4,28 14° CH:-C | 0,366 | 0,568 + 0,037 | —-0,612 + 0,037
0,544 £ 0,032 | 0,601 + 0,041

13.102001 | 4,28 14° CH,-C | 0,366 | 0,433 4 0,051 | —0,544 % 0,050
0,448 £ 0,035 | —-0,518 £ 0,032

19.10.2001 3,5 14° CH; 0,357 | 0,314 + 0,020 | 0,441 4 0,020
0,305+ 0,014 | —0,490 + 0,014
0,322 £ 0,048 | —0,495 £ 0,041

Hcenepopanust ObuUTH YacTHYHO noafepxXaHsl PoccHiickuM ¢oHIOM (yHIAMEHTATBHBIX HC-
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YOK 539.126.4

AHOMAJILHOE IIOBEJEHHE A-, t-3ABUCHUMOCTEH
1 ®A3BI IAPIIUAJILHOHN BOJHBI KOTEPEHTHOI'O
OBPA30BAHUS PATUAJIBHOI'O PE3BOHAHCA 7(1300)!

0. A. 3aiimuoopoza

O6benuHEHHbIH HHCTHTYT SAEpHBIX HecnegoBanui, ybna

CpaBHeHHe CBOWCTB KorepeHTHoro obpa3zoBanus pe3oHanca al(1260) M paasanbHOrO COCTOS-
Hus 7(1300), poxaaeMpix B OJHOM NpOLECCE, CBUAETENBCTBYeT 06 aHOMaTbHOM MOBEgeHMH A-, t-
3aBHCcHMOCTeH M (hasbl napunaIsHOM BONHBI pagHalsHOrO pesonanca m(1300).

The coherent production of resonance state al(1260) confronts with the coherent production of
radial excited state w(1300). Anomalous A-, t-dependence of production cross-section and behaviour
of phase of partial wave of radial state w(1300) have been observed.

B3auMoneiCcTBHE afipOHOB BHLICOKOH SHEPIHH C AOpPaMM C OMNpeNEIeHHON BEpOATHOCTHIO
BefeT K 00pa3oBaHUI0 TAXEJBIX PE3OHAHCOB B IPOLECCE KOTEPEHTHOTO B3aHMONCHCTBUN ma-
JaloIeil 4acTHIBl, B TO BpeMH KaK AP0 OCTAeTCHd LENbIM U B OCHOBHOM cocTosHuMH. Ecnu
nocsjie B3aHMONEHCTBHA A1IpO OCTaeTC® B OCHOBHOM COCTOSHUM, TO NPOLECC SBISETCH KOre-
PEHTHBIM, a aMILTMTYla Npolecca eCTh CyMMa HHAMBUAYAJIbHBIX HYKJIOHHBLIX aMIUTHTYd. Eciu
COCTOAHHC sApa HC H3MECHACTCHA, TO MEXAY aIpPOHOM H ANPOM MOXKET NPOHCXOOHTH OOMEHHBIH
Mpouecc ¢ KBaHTOBbIMKM 4ucyaMH Bakyyma. KorepeHTHblil nucpakUHOHHBIA NIpouece coxpa-
HACT AUCKPETHbIE KBAHTOBBIE YHCNIA: 3apad, OapHOHHOE YHCNO, CTPaHHOCTh, C-, G-4ETHOCTb.
CeueHHe npouecca UMeeT NHK B NIEPeHEM HaNpameHUH. DTO O3HAYAeT, 4YTO POXACHHAd pe-
30HAHCHAa® CHCTEMa HMeEeT Ty XE caMylo CIHpaJbHOCTb, YTO M Najarolias vactuua. M rak
KaK CpPefHHH CIMH SIpa paBeH HYJIIO, TO 3TO He BHOCHT BKJIala B a3sMMYTAIBHBIH YIJIOBOH
MomeHT. KorepeHTHoe B3aMMOIEHCTBHE aIpOHOB YCHJIMBAET POXOEHHE pPe30HaHCOB, o6pa3o-
BaHHBIX AW(PAKIHOHHO, B COOTBETCTBHH C ONpeAeIcHHbIMU NpaBwiaMi oTbopa. Tak, ceyeHue
KOTePEHTHOT0 TH(PaKIHOHHOTO 06pa30BaHHA PE30HAHCHBIX COCTOSHHH pAacTeT C aTOMHBIM HO-
MepOoM s1pa, HMes MaKCHMYyM CEYeHHs TOJl YIVIOM, PaBHBIM HY/10 rpagycoB. [IpuMepoM Takoro
COCTOSIHHS SRIISETCS POXICHHE Ha ANCPHBIX MHLIEHSX pe3oHanca al(1260).

B HacToswueit pabote npencrarieHbl 3KCIIEPUMEHTATbHEIE JaHHBIE 0Gpa3oBaHHA pe30HaH-
COB B KOTEPEHTHOM IIPOLECCE M CHEJIAHO CPABHEHME CBOMCTB POXIEHUS PAXUATBHOIO COCTOS-
nus 7(1300) u pesonanca al(1260), KOTOphIe POXIAIOTCA B OJHOM NPOLIECCE B3aUMOACHCTBUA
m-Me30Ha ¢ aapoM. KorepeHTHOe 06pa3oBaHHE MHOTOME30OHHBIX CHCTEM T-ME30HAMM C BHEp-
rueil 40 I'sB na cnextpomerpe OHSIH, Ha yckopurene ¢ sxeprueii 70 [3B B Cepnyxose
HCCIIEIOBAIOCH B COTPYAHHYECTBE C HHCTHTyTaMu ¢u3MKH Miutana, Bononed 1 EBponeiickuM

IPaGora 6bL1a fonoxena Ha EBpothusnueckoil kondepeHumnt no huauke BLICOKHX dHepruii, Tamnepe, GUHISHINA,
1999 r.
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LEHTPOM aiepHbIX HccnenosaHuii [1). Muwenn u3 Be, C, Si, Ti, Cu, Ag, Ta u Pb Gbun
HCIIOJIb30BaHBI W1 U3YYEHHS Mpollecca

r+A—wt, 7,7 + A

TlonHOe YKCIO COGBITHH, YRORIETBOPSIOUIMX KPUTEPHIM KOTEPEHTHOro 0T60pa, COCTaBHIIO
153359 co6hITHIl VIS BceX MacC. BBIMOMHEHHBIH NapUAATBbHO-BOJTHOBOH aHANM3 9TUX COOBITHH
103BOJIW ONpENETHT HHTEHCHBHOCTh M OTHOCHTENbHYIO (ha3y Kax10ro COCTOSAHUS 110 CIIHHY-
4eTHOCTH 37-cucTeMsr [3]. JIaHHbIi aHanu3 6bU1 TPOBeeH W1 CICAYIOIIHX KPHTEPHEB oT6opa:

a) 18 KorepeHTHOro HaGopa, cogepxartero cobbitus ¢ t' < t'*, e t'* — 4-MepHbIi Mo-
MEHT [epelayd HUMIyJabca — COOTBETCTBOBAN NepBOMY IM(PAaKUHOHHOMY MHHHMYMY
t'=t— tmins

6) I KQXIOro fApa OTAEJbHO C UeJIbi0 MOTydeHHs cBeneHui 00 A-3aBHCHMOCTH NapLy-
aJIbHBIX BOJIH,

B) WW1s pa3nuyHeIx o6nacTed no 4-MepHOH nepeaye Ul IPyIN AAep B MACCOBOM HHTEpBAsC
3m-cuctemsr 0,9-1,2 u 1,2-1,5 ['sB/c?.

BK/1al HEKOTEPEHTHBIX TIPOLIECCOB IO KOTEPEHTHBIM THKOM COCTABIIAET MeHee 8 %, a aM-
IUIWTY C IIepeBOpoToM criuHa — MeHee 1 % [2], moaToMy OTHOCHTENbHAS (a3a KOTePEeHTHBIX
BOJIH MOXET ObITH U3MEpeHa HANEXHO.

Hccnenosanue pe3oHaHCHbIX CBOHCTB 1T S-coctosanus al(1260) u 0~ S-cocroauus m(1300)
6bUTO OCHOBAHO HA [AHHBIX NapIUHalbHO-BOJIHOBOIO aHATH3a KOTEPEHTHOro Habopa, a Takxke
A- ¥ t-iaBucHMMOCTeil. t/-3asucuMocTH 17- u 07 -coctosuuit mia obnacteit Macc 0,9-1,2 u
1,2-1,5 B nokasansl Ha puc. 1,a, 6. Pesonanc al(1260) (posna 1%) IeMOHCTpHpYET MaK-
CHUMaTTBHOE ceyeHHe poxieHus nmpu t' = 0 u t’-3aBHcHMocTb exp (—at’), B TO BpeMs Kak
KOTePEHTHO-POXIEHHOE paanaibtioe cocTostue 7(1300) (sonna 07) uMeeT APYroe NOBeACHUE

%

%

90 a 90 6
0,9 <M, <12T>B 1,2 <M, <15T3B
70 | 70
- 1+S \. -
\ 1S
50 50
30 30 :"{"_'
. J‘OS{ ..... booons |
) ' -=s
A ¢ 4 L
1 E :&
& o
101 10-
T T T T T T
0 0,05 0,1 0 0,05 0,1
t', TaB/c? 1, TaB/c?

Puc. 1
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H CCYCHHEC 06pa3OBaHHﬂ 3TOro COCTOAHHA MOXHO

%

anmpokcuMupoBath (yHkuuei t'exp (—at’). Ha 60 1,2<M, <1,5TsB 160
pHC.2 TNpeacTaslieHa A-3aBHCHMMOCTh OOEHX BOJIH: 50'_ 15 50
1tS — al(1260) u 0-S — =(1300). Beixon : A ]

117S-cocTosHust pacTeT C aTOMHBIM HOMEPOM, B TO O a—zx ‘_40
BpeMs Kak BbIx0A 0~ S-COCTOSHHA HE PacTeT ¢ aToM- 30 430
HBIM HOMEPOM H CTPEMHTCH K yMeHbienwio. Ilo- o[ 120
BelleHHEe OTHOCHTENbHOM dassl § (115 — 07 P) 8 e ) ;

3aBHCHMOCTH OT aTOMHOTO HOMepa NpHBENEHO Ha L +] 10
pHC.3,a ¥ CBHIETETBCTBYET 00 YCHJICHHH NH(pak- 0 . '4‘0' ' L8|0 ' LL]ZIO‘ . '1150' L 00

uuoHnoro ofpa3oBaHus pe3oHanca. Ha pwuc.3,6 A
A-3aBucumocts 0~ S-COCTOAHHS IEMOHCTPHPYET TOT
dakr, uto pazdocts a3 BonH 075 u 0 P He Mens-
€TC# C ATOMHBIM HOMEpPOM. B ApOTHBONOIOXKHOCTB
noBeaeHHo BoyIHEl 175 3T0 cocTosHME He MPOSBIAET KAKOH-T1H60 A-3aBUCHMOCTH OTHOCH-
TenbHoi tasbl BotH (0~ S — 07 P).

Puc. 2

Taxum obpaioM, ysenuuenne Bbixoma al(1260) ¢ pocToM aToMHOro HoMepa f1pa, pocT
asbl al-pe3oHaHca Hapsoy ¢ yMeHbLICHHEM Bbixofa cocTosHMA 7(1300) B 3aBHCHMOCTH OT
ATOMHOTO HOMEpa Apa MUUICHU H ero creluguyeckas t’'-3aBUCHMOCTS, [10-BHIHMOMY, YKa3bl-
BAalOT Ha TO, YTO B mnpouecc NU¢PAKUHOHHOIO POXICHHA al-pe3oHaHca Ha sAOpaxX BKJIOYa-
€Tcsl JIONOJIRMTESbHBIA MEXaHHW3M. DTOT MEXaHH3M MOXeT ObiThb [BYXJTAallHbIM, TaK KakK B
BuPAKIMOHHOM DPAcCesHUM POXICHHAS CHCTEMA, MPEXNAE YeM NOCTHIHYTh KOHEYHOIO CO-
CTOSIHHS B TEYEHHE NMEPEXOJHOr0 BPEMEHH, MOXET CYILECTBOBATb B APYTOM COCTOSHHH, Ha-
npumep 7w~ — w(1300)~ —al(1260). IIpocTpaHCTBEHHO-BPEMEHHAs KapTHHA 9TOTO MpO-
uecca obcyxaanacek B pa6ote {4] 4, 10-BUIHMOMY, aleKBaTHa HabIl0dacMOMY NOBEIEHHI0 A- U
t/-3aBucHMocTe#l cocToaHMi al(1260) u w(1300).

ABTOp BhIpaxaeT GarogapHocTh WwieHaM Kowlabopauuy 3a BO3MOXHOCTb MCIO/Ib30BAHHA
pe3yNnbTaTOB HCCIIENOBAHHH.

rpaa
a [ ®ana(0°5-0°P)
Daza (1°S-07P) r .
an
® C 150} ) 4\
eoF Be+C Al+Si TI+Cu | Ag+Ta+Pb r Poxy
- + -‘- + B -8 ". i :"‘
of ++ ++ T + 100F _ 4 Eit ‘
5 R T
C + i T A A4=28
- + 2 o A=55
-60 :JH-‘P 4+ - °A=190
- + 50
1 1 [0 I | 1 1 1 . 1 1 [l 1 | 1 1 { 1 1 1
1,0 1,4 1,0 14 10 14 10 14 10 1,16 1,32 1,48
M, B M., 3B

Puc. 3
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O HEKOTOPBIX OEPATHBIX 3AJAYAX
SITEPHOHU ®U3UKHN

B. 3. Benawes ®, M. K. Cyneimarnos °
“HMucruryr reonornn Kapensckoro nayuysoro ueHtpa PAH, IerposaBoack

SQ6benuHeHHbI MHCTUTYT SfepHbIX HCCNenoBanuit, Tybua

PaccMotpeHbl HekoTopble o6paTHbie 3alaud (DU3MKM BBICOKHMX 3Hepruii u SIMP-cnektpockonuu.
Jng uX pelieHWs NpUMEHEHBl METONBI HMHTErpaibHoro npeobpasosanus ®dypee W MakCHMyMa SHTPO-
nun. HnrerpanbHple o0pashl 9KCIEPHMEHTATBHBIX pacnpefeieHHi HHOPMATHBHBL TIPH OMNpENENeHUH
NPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHK 06acTy reHepalMK 4YacTHIl U aHaTIW3e Pa3MbIThIX CIEK-
Tpos. PaboTocnoco6HOCT METONOB NPOBEPEHA TIYTEM CPaBHEHUA HX PE3yJIbTAaTOB C JaHHBIMH, TIONYYEH-
HBIMHM HE3aBHCHUMbIM 06pa3soM.

Some inverse problems of high energy physics and NMR spectroscopy are observed. The methods
of the Fourier transformation and the maximum entropy technique have been applied for their solutions.
The integral images of the experimental distributions are informative for determination of the space-time
characteristics of the particles generation domain and for the analysis of blurring spectra. These methods
have been tested in comparision with the results which have been obtained independently.

O6parHas 3amaua BO3HMKaeT TaM, Iie MCKoMas HHpopMauus He MoXeT ObITh Mmosny4eHa
NpH NIOMOIUM NPAMBbIX HU3MEPEHUH. BOIBIUMHCTBO 06paTHBIX 3aay AACPHOH (PU3UKH CBS3aHO
€ UHTEpIpeTalMeil JaHHbIX 3KCIIEPUMEHTOB [0 pacCesHHI0 4acTHIl BHICOKHX DHEPrU#l Ha MH-
wieHax. ITo kapTHHe paccesHHs ONpPENeNsioT CTPYKTYPY CTAUIKMBAIOIIHXCH YACTHUL, MOTEHLMAT
B3aMMOIEHCTBUA, NMHAMHKY MPOMCXOAALIUX TIPH CTOJKHOBEHHH IpoleccoB. B HeKOTOpBIX
cllydadx SOpO WM 4aCTHUY PACCMATPHMBAIOT KakK 30HA C W3BECTHBIMH MAarHMTHBIM MOMEHTOM,
JJTHHOH BOJIHBI, CHCTEMOH 3HEPreTHYECKHX YPOBHEH, a M0 €ro B3aMMOJIEHCTBHUIO C BEIECTBOM
H ToJieM Cy[sST O KOHUCHTpAalHH BelecTBa, 0COGEHHOCTIX Cpefsl WiM KOHGMHIYPALUM MO,
Takue obpatHsle 3anaun THNHYHBL 11 AMP- u IT'P (Mecc6ayspoBCKOii)-ClIEKTPOCKONHHM, HEH-
TPOHHOH NH(PAKTOMETPHH, AKTHBALIMOHHOIO aHanH3a, SMHCCHOHHOH TOMorpaduu M IpYTHX
NPWIOXEHUH A1epHONA (DU3UKH.

B crtathe paccMoTpeHBl HeKOTOpble oOpaTHble mMpo6aeMbl 3KCIEPUMEHTOB (DH3MKH BHICO-
KuX dHepruil {1-7]. Jlng uX pellieHHs HMCMOMNb30BaHbl (PHIbTPALMOHHBIE METOMbI, I103BOJIA-
0He nyreM ¢Qypbe-npeoOpa3oBaHHs DKCIEPUMEHTTBHBIX JAaHHBIX NONYYHTb pe3ynsTar Ge3
CKONMb-HUOYIb CyLUEeCTBEHHOTO WCMOIB30BaHHA alpHOpPHBIX OrpaHHueHHid [3-9]. Dro cBO#-
CTBO OKa3blBaeTcid OCOOEHHO BaXHHIM NIPH BbhibOpe MONENeH MpPOIECcCOB B Ciydyasx, KOTAa
BKCHEPHMEHTAIbHBIE pacnpelesiecHHs COBMECTHMBI C HCCKOJIBKMMH MOIE/IAMH, a TIPHMEHCHHE
annpoKCHMallMOHHBIX METONOB OKa3blBAaeTCd Hed(h()EeKTHBHBIM.

I[Tpu pewreHns o6paTHOH 3alayd BO3HMKAET BONPOC O JOCTOBEPHOCTH MONYYEHHBIX pe3Yilb-
tatoB. OTBET Ha 3TOT BOTIPOC MOXeT ObITh JaH NyTeM CPABHCHHA Pe3yJbTaTOB, NOJYYeHHBIX
He3aBUCHMMBIMH criocobami. Takoe cpaBHeHHe TpOBEJEHO HA NpHMEpEe PasMBITHIX CIIEKTPOB,
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pa3pelleHHe KOTOPBIX MOBLILIEHO MPUMEHEHHEM amnapaTypHbIX CPEACTB M allOCTEPHOPHO MpH
MOMOIIM MeTOAa MakKcuMyMa aHTponud (MMD) [8, 9].

Lens paboTel COCTOMT B TOM, YTOOBI MPOJEMOHCTPHPOBATH MPUMEHHMOCTb OOHOTHITHBIX
MaTeMAaTHYECKHUX H aITOPHTMHYECKHX MOAXOI0B Ha OCHOBE HMHTErPalibHBIX Npeobpa3oBaHuii K
peleHHI0 HEKOTOPBIX 00paTHbIX 3aay AaepHOH (H3HKH.

NPOCTPAHCTBEHHO-BPEMEHHBIE XAPAKTEPHCTHKH ITPOIIECCA
MHOXECTBEHHOI'O POXJIEHHA YACTHI

B nonxone Ioaropeukoro—Konbu10Ba npocTpaHCTBEHHO-BPEMEHHBIE XaPAKTEPUCTHKH 11PO-
Lecca MHOXECTBEHHOTO POXAEHUS YaCTHLL MOXHO TOJTYyYHTh, H3y4as KOPPeISLHH TOXIECTBEH-
HBIX 4acTHll ¢ Giauskumu 4-umnynscamu [1]. Bepoatnocts W(go,q) o6HapyXeHHs IByX To-
KIECTBEHHBIX 9acTHLl ¢ 4-umiyabcaMid P; = {e1,p1} u P> = {€2, P2}, HCHylIEHHBIX ABYMA
HETIOABHXXHBIMH TOYEYHBIMH MCTOYHHKAaMHM ¢ KoopnuHatamu {t;,ri} M {f2,r>}, Brpaxaiwor

thopmynoi

cos[q(r1 ~ r2) —qo(t: — t2)]
1+ (go7)?

W(QO,Q) =1+ ) (1)

e q = p1 — P2, o = €1 — €2, T — BPEMA XHU3HH UCTOYHUKOB. I TOXIAECTBEHHBIX YaCTHLL
OOUHAKOBO# 3Hepruu gy = 0 3aBUCHMMOCTD OMNpefesieHa NPOCTPaHCTBEHHOR nepemennoil R =
ry —ro:

W(q) =1+ cos(qR). (2)

Iycty f(R) — HOpMHpOBaHHOE MPOCTPAHCTBEHHOE pacrpefe/icHHe HCTOYHUKOB YacTHIl
o nepeMeHHoii R. Torna cdopmyna (2) wis BepostHoctd W(q) HMeeT BUI

W(q) =1+ /f(R) cos (qR) dR. (3)

[Ipu 3TOM B CHIy HyMEpaUWM TOXIECTBEHHBIX YACTHIl ABYMA DAaBHOMPABHLIMH CHOCOGAMH
f(R) = f(—R) dynxuus W(q) He 3aBUcHT OT 3Haka R, a uHTerpaneHoe ciaraeMoe B (3)
ssnsercs dypoe-o6pazom F(q) dyukmun f(R)

W(q) =1+ F(q). 4)
Mo skcnepuMeHTaIbHOM 3aBucuMocTH W(q) HaxonuM dypbe-o6pa3

F(q) =W(q) -1, (5)

a no HeMy nyreM obparHoro npeo6pasoBaHus Dypbe onpenenseM (yHKUHIO pacnpeaelieHuUs
f(R).

B CTOJKHOBEHHSX TOXIECTBEHHBIX YAaCTHI NPH YCJIOBHM HE3aBHCUMOCTH HCTOYHHKOB ua-
CTHLl M3 IKCICPHMEHTAIBHBIX OaHHBIX MOXHO MOJIY4UTH MH(OPMALMIO HEHOCPEACTBEHHO O
IUIOTHOCTH pAacnpeniesicHHs MCTOYMHHKOB B o6nact reHepauud p(r) [3]. Dypoe-o6paz G(q)
dyukuuu p(r) BeIYMCASIOT M0 dopMyie

G(a) = vW(q) - 1. (6)
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[Tonyuennyio o6paTHeiM npeobpasosanneM Dyphe TpexMepHy0 QyHKUHIO p(r) yno6HO mpen-
CT4BHMTH B BHIE CEYCHHH 00J1aCTH reHepalMy CHCTEMOH napajLnenbHbIX IUIOCKOCTEH WK NpoeK-
yueil 0611aCTH reHePAIMH Ha TUI0CKOCT, NEPHEHANKY/ISIPHYIO 3alaHHOMY HalpaBIeHHI0. Ycio-
se p(r) > 0 orpaHHYMBaEeT SKCICPHMEHTATHHBIE paclpenesicHHA OTPeNETEHHBIM KITacCOM
¢yHKUHHA. DTO OrpaHHYEHHE ABTOMATHYECKH CHHMAETCS, €CJIH PeKOHCTPYKUHMIO pacnpefene-
HHs HCTOYHHKOB BECTH 10 ero ¢ypre-o6pasy ¢ npumesenueM MM3 [8].

Ot60p ToXnecTBeHHBIX yacTHU ¢ q = 0 A4 onpegenenus (pyHKLUHH PAcCnpelesIeHHs Mc-
TOYHHMKOB MO MepeMeHHOi ¢ = t; — {» HEBO3MOXEH, TaK KaK MPHBOAMT K 3HaueHHI0 gp = 0,
YTO CJIEOyeT H3 YCJIOBHSA, CBA3bIBAIOILErO MAaCChl, BHEPTHH H UMITY/IbChl TOXKIECTBEHHBIX YACTHLL.

[pH paccMoTpenuu ob1ero ciydas Mbi He OyleM HakiiajbiBaTh OTPAHUYEHNH HA BEIMYMHY
qo. Bsenem HopMHpoBaHHylo ¢yHkiuio pacnpefeneus fi(R,t, 7) u npeobpasyeM ¢opmyiy
(1) ¢ y4eTOM H3BECTHOTO TPUIOHOMETPHYECKOTO TOXAECTBA KOCHHYCa Pa3HOCTH

cos (qR) cos (got)dRdtdr
1+ (go7)?
sin (qR) sin (qot)deth
+ R, ¢,
R v

Mocneanee uuTerpaisHoe cilaraemoe B popmyne (7) paBHO HYNMI0 BCHEACTBHE PaBHONPABHO-
CTH HYMEpPAalUMH 4acTHUBl B mape, yeTHocTH dynkuuu fi(R,t,7) u HeyeTHocTH cHHYca mo
nepemenHsM R u £.

B npeanofioXeHHH O HE3aBHCHMOCTU NPOCTPAHCTBEHHOrO, BPEMEHHOIO M PeJlaKCaLMOH-
HOTO pacmpefeNeHHii, ONMCHIBAEMBIX COOTBETCTBEHHO HOPMHpOBaHHBIMM (ynkuamu f(R),
x(t) u o(7), Boipaxennoit ycnosueM f1(R,t,7) = f(R)x(t)w(7), dopmyry (7) nepenumem
B BHIC

W((IO,Q) =1+ /fl(Ryta

@)

'r) dT

8
1+ qu ®)

W(qo,q) = 1+/f cos (qR)dR/ (t) cos(got)dt

Ilepsbie IBa MHTErpalbHBIX COMHOXHTENS BhlpaxeHus (8) mpexcrarnsior ¢ypbe-06paisl
F(q), X(go) npocTpaHCTBEHHOrO ¥ BPEMEHHOTrO pachpefeleHui, a TpeTHi — ¢ypbe-06pas
C(qo) Pyskuuu, pasMsiBarolieil BpeMeHHOE pacnpeleleHHe HCTOYHHKOB

Wi(go,q) = 1+ F(q)X(q)C(q0)- 9)
Hpou3ssenenne C(go)X (qp) HaxomuM no HabmoxaeMeIM 3aBucuMoctaM W(go, q), W(0,q)

Wigo,q) 1 _ Wig,q) -1
F(q) W(0,q) - 1"

C(g0)X (g0) = (10)
Myukuns C(qy) B 9KCnepUMeHTe Heu3BecTHA. BoinenuTts ¢ypoe-06pas X (go) U3 npousseneHus
Cl(go) X (qo) w naiiTh dynxkumwo x(t) ero o6patHeiM npeopasosanueM Mypbe MOXHO, BBOMSA
anpUOPHYI0 HHGOPMAHKIO O paclpeeieHHH HCTOYHUKOB YaCTHL MO BpeMeHH Xu3nd. Hanpu-
Mep, PaBHOMEPHOE pacTipeeiedHe HCTOUHHKOB ¢(7) = 1/a 1o BpeMeHH XH3HM B MHTEDBaIE
[0; a] mpuBonUT K yHKUMH

= (11)

1 dr arctg (qoa)
/ 1+ (gor)? (g0a)
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M 103BOJINET BOCCTAHOBWUTh pacnpefesienue x(¢).  Pe3ynerar 3aBHCHT OT BHOma dyHk-
und (7).

CTpykTypy pacnpenenenus x(t) Takke MOXHO OJYYHTb C MOMOLUBIO METONA YABOEHHI
KOHTDPOJHUPYEMOIo CMEILECHUS TIHKOB WIH nyTeM dypbe-riwibbepr-QuisTpatny, no3BOJsSIOLHX
pasgeanuTh NUKH 0e3 UCNob30BaHHS alPUOPHBIX cBemeHHi o ¢ynkuun o(7) [9). Tlpn aToM
npohiIK pa3ieNieHHbIX MUKOB pacnpeneseHus X (¢) cogepxar uHbopMauuo o dyHKuMH (7).

HHurerpansHelie 06pa3bl IPOCTPAHCTBEHHO-BPEMEHHOTO pacHpeleIcHHS HCTOYHHKOB YaCTHIL
MOTYT ObITb HEMOCPEACTBEHHO BBIABJICHBI NIPY CMEUHATbHOM MpPEICTaBICHUH NaHHbIX. B psne
Cly4aeB TOJIE3HBIMH OKa3bIBAIOTCA MCKYCCTBEHHDIH Mepexof OT 3KCNEePHMEHTAIbLHBIX pacnpe-
IelIeHHH K MX WHTErpalbHbIM 06pa3am M HelMHeHHble onepaudy ¢ HUMH. CyllecTByeT LeNbIi
KN4CcC TAKHX ONepauuii, NO3BONAIOWIKX Npu oOpaTHOM nepexoje Noay4uTb Gonee undopma-
THBHBIE OLEHKH JaHHBIX M0 CPAaBHEHHWIO C MCXOOHBIMH pactnipeacsieHHaMu [9].

IMNOUCK BAPHOHHBIX PE3OHAHCOB B CIIEKTPAX D®®EKTHBHbBIX MACC

IpenMeToM HCCNENOBaHHS SBAAIOTCA ABYXYACTMUYHBIC KOPPEJSMLHH NPOAYKTOB pEaKUHH
MHOXECTBEHHOTO POXKICHHS NPH BHICOKHX SHEPIHsX, MPOABIAIOLIHECS B paclpenc/icHUIX nap
BTOPHYHBIX 4acTHL no 3cpeKTuBHOM Macce Mg U Hecylide HHGOpMaLHIo 06 obpa3sylouxcs
B NpoLecce TeHepalMH YaCTHILl KOMMAayHA-CUCTEMAaxX WM Pe30HaHCaX.

I1s uccienoBaHHs AMHAMHKHM Npoilecca CTONKHOBEHUS HHTepec npeacrtasnsior A-uzoba-
psl — GapHOHHBIE PE30HAHCHI, 00Pa3ylolIHE CBA3AHHYI0 KOPOTKOXUBYLIYIO CHCTEMY H3 HY-
KIoHa M 7-Me30Ha. MHTepec obycrioBieH TeM, YTO POXIEHHE TAKHX PE30HAHCOB HA aApax B
CTONIKHOBEHHH aPOHOB C SIPaMi NMPH HU3KHX SHEPIUSIX MOXET ABIATHCS OCHOBHBIM KaHAJIOM
ynpyroro paccesuus. H306apsl MOTyT HecTH HHDOPMALINIO O B3aUMOCHCTBUH ¢ Apyrumu ¢par-
MEHTaMH 41pa U NPEeJOCTABASI0T BO3MOXHOCTh 3KCMEPUMEHTAIBHO H3y4aTh LUBETHbIE CTEHEHH
cBoboubl.

Llenbio ucciienoBanus cnektpos addexTusnbix Mace (7% p) map B 7~ p- u w1~ *2C-p3aumo-
neicteuax npu P.- = 40 I'sB/c 6pU10 onpeaenedue CTPYKTYpbl CNEKTPOB H YCTaHOBIEHHE
CBA34 MeXIy pPoxJIeHHeM CapHOHHBIX PE30HAHCOB W YaCTHBIM C/ly4yaeM MHOXECTBEHHOI rene-
pauMy aIpOHOB — KYMYJIATHBHBIM POXIEHMEM YacTHL B 7~ *2C-B3auMoaeHcTBHaAX [5].

Crekrpsl athdekTuBHBIX Macc (75p) map 6sUT MOCTPOEHB Ha OCHOBE Heynpyrux 11688
77 p- ¥ 8642 7 12C-B3aMMONEICTBHI, NONyYEHHBIX MPH aHATH3E CTEPEO(OTOCHUMKOB C IBYX-
MeTpoBOit npornaHoBoi kamepsl JIBD OHSIH, obnyyenHoil MyykoM 7~ -ME30HOB CepIyXOB-
ckoro yckopuTens [2]. Ddektupnyio Maccy (11 p) nap paccuutsisanu no dopmyne

M,y = \/m?) +m?2 + 2(E,Ex — ppp~ cos 8) (12)
C HMCIOJIb30BaHHEM MAcC MPOTOHA M T-ME30HA — M, U My, HX MOJHBIX 3HEPIHA — FE, u
E., abCOMOTHBIX 3HAYEHUH UMIYJIBCOB — Dy U pPr M YINa MEXAY UMIyIbcaMd — 6 B J1.C.

Hmnynec oToOpaHHBIX MPOTOHOB cocTaslsut oT 140 no 700 MaB/c.

JUts ycTaHORNIEHMS CBA3M MEXIy NMpOLeccCaMHu poxJeHHs A-u300ap U KyMyJNITHBHOTO HC-
NycKaHus 7-Me30HOB B 7~ ' 2C-B3aUMOAEHCTBHUAX GbUTH HCIIONL30BAHKI JIBE CXEMBI OTGOpA BTO-
PHUYHBIX 7T-ME3OHOB B COOHITHH. B mepBoif cxeMe yuuTsIBaIN BCe T-Me30HbI COOBITHS, BO BTOPO#
cXeMe MCKIIIOYAIH T-ME30H ¢ MaKCHMaILHBIM 3HaYeHHEeM MOpAAKa KyMYJISTHBHOCTH n. B CO-
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66iTHH. [TOpANOK KyMYMATHBHOCTH ONpeNessiTH B COOTBETCTBHH C ¢hopMynoil n, = y
yepe3 MOJIHYI0 SHEPIHIO F, TIPOAOJIBHEIA MMIYJILC || T-ME30HA H MACCY HYKJIOHA My . N
AHann3 CTPYKTYpHI CreKTpoB 2 deKTHBHBIX Macc (7¥p) BeSH C MOMOIIBIO IBYX METOJIOB
o6paboTky Ha ocHoBe mpeobpa3osanna Oypbe. B nepsoM Merose BBIABIAIH NEPHOIHYHOCTH
B 3aBHCHMOCTH MOIyNs ¢ypbe-00pa3a CMMMETPH30BAHHOIO CHEKTPA OT YIVIOBOH 4acTOTHI, 110
KOTOpBIM OTIpENeISUTH IOJIOKEHHS KOMIIOHEHT, COMOCTaBIseMble MaccaM pe3oHaHcos [4]. Pe-
3y/bTATHl IPUMEHEHUS METO/a N0Ka3aHbl Ha puc. 1. [lonoxeHHus BblIEJIeHHBIX 0COGEHHOCTEH
CIIEKTPOB YKa3aHbl CTpeJIKaMH, OIMOKH MONOXEeHUH — OTpe3KaMH Hall CTpe/IKaMH, 3HaueHHe

Maccel OIH3KOro K 3aJaHHOMY IOJIOXEHHI0 NMUOH-HYKJIOHHOIO p€30HaHCa — 4YHCJIOM.

3 —
(n'p)BI2C _ (mp)sniC
a 6
2 -
| )
A (1’232)A°(1,650)
'2 \\"*\
k1
E 0 T T T T T T T T T T T T T T T T T —T
=
3 N L
s (P e p | (vp) BT p
A7 (1,670) . A%(1,670) 2
2 -4
L L £%(1,650)
o AH(1,650)L
_ a0 A%1,910
1 4A77(1,232) AH1910) ——— A%1,232) ( )
0 T T T T T T T T T —T T T T T T T T T
1,0 2,0 3,0 1,0 2,0 3,0
M, T3B/c?

Puc. 1. PesynbraThl npuMeHeHHs MoOUGHUMPOBAHHOIO (byphe-anropuTMa K criekTpam 3¢pdeKTHBHbIX
macc (rtp) nap B 77 p- (s, 2) u B ™~ 2C-paanmoneiictrusx (g, 6) npn P,— = 40 [sB/c

Bo sropom Merone ObUla HCMONbB30BaHA Maes KOHTPOIHPYEMOIO DEryJIHPOBAHHS WIHPHUH
KOMIIOHEHT cnexTpa 3¢deKTHBHBIX Macc [6, 9]. YMEHbILIEHHS LIHPHH KOMIOHEHT B OLEHKE
CNEKTpa JOCTHTANH yMHOXeHHeM (ypbe-06pasa CneKTpa Ha KCHOHEHIHATBHYI0 (YHKUHUIO.
Ipu obparHoM mpeobpazoBanun Pypre Takoro obpasa nosyueHHas oUeHKa uMena Gonee BhI-
COKYI0 KOHTPAacTHOCTb IO CPaBHEHMIO ¢ MEPBOHAYANBHEIM CNEKTPOM M comepXaia 0COOeH-
HOCTH, KOTOpHIC N0 BeHYUHE 3(P(EeKTHBHONH Macchl MODIH ObITh CONOCTABIEHB GapHOHHBIM
pe3oHaxcaM [5].
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PesynbTaThl 3TOro MeTofa MpeCTaBIeHbl Ha puc.2, Ha KOTOPOM NPHBENEHbl IKCMEPH-
dN (M,q)
dM,y
7 p-napaM neppoit cxeMbl 0T60pa T-Me30HOB cobbiTHs (@, 6) U w¥p-napam Bropoi cxemsl
ot6opa (8, 2). IMaBHbI NHK BHISBJIEHHBIX MYJBTRIUIETHBIX CTPYKTYD COOTBETCTBYET Macce
1,232 'sB/c?, nomonHuTeNbHBIH MUK — Macce 1,650 TaB/c?. Hckmouenue KYMYJATHBHBIX
-ME30HOB MPHBOMWIO K PaBHOMEPHOMY MOHHXEHHIO OLEHKH CNeKTpa 3¢deKTHBHBIX Macc

nipuMepHO Ha 30 % 6e3 usMeHeHus GOPMEL.

[onyyennsle 0cobeHHOCTH B crekTpax 3(deKTHBHBIX Macc Tip-map COMOCTaBIEHSI
ATOT(1,232)-, AT*H(1,650)-, A+°+(1,670)-, AT°*T(1,910)-u306apam B T p- W
A*°7(1,232), A1oF(1,650) B 7w 12C-p3aumonelicTBuAX. AHATH3 CpefHEdl MHOXECTBEHHO-
cTH 77- M 7T -Me30HOB B m~ '?C-Blaumoneiicteusax npu P,- = 40 IsB/c ¢ yyerom chona
dN (M)

dM,g,
npuMepro Ha 30 %. DTOT pe3ylbTaT NPOMHTEPNPETHPOBAH, KaK YKa3aHHE Ha HE3aBMCHMOCTD
IPOLECCOB MOARICHUS KYMYIATHBHBIX T-ME30HOB H POXJAeHHA OapHOHHBIX pPE30HAHCOB.

MeHTIbHBIE pacrpenescHus H MONyueHHbie oueHKH f(M.g), COOTBETCTBYIOLIME

nokasaji, 4TO HCKMI4YCHHE N1060ro w-Me30Ha B COOBITHH NPHUBOOXT K YMCHBILICHHIO

L a
- —
rm
"_7"‘ v
o

fM,,)/2840

1,08 1,72 2,36 3,00 1,08 1,72 2,36 3,00
M,,, T3B/c?

Puc. 2. Cnektpsi apdexTuBrbIX Mace (w7 p) (a) u (7~ p) nap (6) {”;’(TM_;@ (0), ux ouenkn (M)

(®) o8 nByx cxem oTbopa T-ME30HOB
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CTPYKTYPA PACHPEIEJIEHHHA YACTHIY 10 BBICTPOTE

CornacHo COBPEMEHHBIM MPEICTABICHUAM O B3aHMOJCHCTBHH aJpOHOB BHICOKHX 3HEpIHii
C HYKJIOHAMH M SApaMy OCHOBHAs MOJ BTOPHYHBIX YAaCTHLl BO3HHKAET B MPOLECCE aPOHM3A-
1MH GHICTPOTO KBapK-mapToHa B cTpyio yactuu [10}. Ilpossadioiyrocs B 6MM3KOREACTBYIOMHX
KOPpessIHUAX NPOAYKTOB B3aUMONEHCTBUA CTPYHHYIO aipOHH3aliHI0 yNo6HO M3y4aTh B pacmpe-
E+p
E—p
HHEPrus ¥ MPONOJIBHbIH UMNYNIBC BTOPHYHOMN YacTHIEI), Habniofas rpyNnMpoOBKY YacTHIL OTHO-
CHTEJIBHO HECKOIBKHMX XapaKTepHBIX ObICTDOT.

1
HeJIEHHsSX NPOXYKTOB peaKIHH o GHCTpoTE Y = 2 In ( ) (E' ¥ pj — COOTBETCTBEHHO

5 a 7 6
T 4 -
=

- R

0 —T T T T T 1 1 T T T T T T T T

f)2480

] n

BrictpoTta y

Puc. 3. Pacnpenenenne m-mMe30HOB (rt (), ®~ (o)) no 6picTpore B # p- (@) U B 7" 12C-
B3aNMOAEHACTBUAX (6) 1 MX OLIEHKH COOTBETCTBEHHO (6) U (2), NonyyeHHble NPH MOMOILM (ypse-anropuTMa
PEryTMpOBAaHHS LUMPHHB! COEKTPANbHBIX JTMHHH

TunnuyneM SBJIAETCA CiTydval, KOLda pacnpeleseHHs no GBICTPOTE MNpeaCTABIMIOT ITanKue
KpuBble 63 BHAMMBIX XapaKTEPHBIX OCOOEHHOCTEHW, 4TO 3aTpYHHACT BhimelicHHE cTpyH. Jhia
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BBIIBJIEHHS XapaKTEPHBIX GLICTpOT npouecca MHOXECTBEHHOIO pOXICHHS 7T:t-M630HOB B peak-

uusx 7~ p M 7 12C npu P,— = 40 ['sB/c [7] 6611 npuMeHen paHee UCTIONb30BAHHBIH METOJ
yMEHBIIEHUS LIMPHH KOMITOHEHT pacrpegesieHuit [6, 9].

HcxonHble naHHBle W pe3y/bTaTel NPHMEHEHHA METONA MpHUBENEHBI Ha pHC.3. Pacnpene-
JIeHHs 10 GbICTpOTE TL-ME30HOB B 3THX DEaKUHsX (@, 6) CHIBHO PasMbITEL, @ HX KOHTpPacT-
Hble OLEHKH (8, 2) NeMOHCTPHPYIOT CJIOXHYIO CTPYKTYpy. B 7~ p-B3aMMONEHCTBHM OLEHKa
pacnpenenenus no GbicTpote 71-Me30HOB AB/ISETCS MYONETOM ¢ Momamu =~ 1,4 u 2,8, wma
7T -ME30HOB — TpHIUIETOM ¢ Momamu = 1,2; 2,8; 4,7. B 7~ !2C-B3auMonelCTBHIX OLEHKa
pacnipefiefieHus 1o GHICTpOTe WIS 7T -ME30HOB CONEPXHUT TPH MHKa ¢ GnicTpoTamu = 1,4; 2,8;
3,3, a WA T -Me30HOB — TpH Nuka ¢ Oeictporamu =~ 0,9; 2,5; 4,4, npuueM Bropoil mux
OKa3bIBAaETCs CUJIBHO PasMbITHIM B HHTepBate 6uicTpor 1,8-3,2.

[TonyyeHHBIe pe3yiasTaThl MO3BONSAIT COMOCTABHTH XapaKTepHbIE ObLICTPOTHI BTOPHYHbIX
7-M€30HOB B aHamazonax 1,0-1,6; 1,8-3.2; 4,0-4,4 oGnactaM ¢hparMeHTalMd MUILIEHH, Ha-
JIETAIOILEA YAaCTHIB K COXPAHEHHIO HAICTAIOLIETO T-Me30Ha, YHCIIO U 3HAYeHHA XapaKTepHbIX
OBICTPOT INPOLECCa 3aBUCAT OT MACChl MHILIEHH H 3apsSNOB BTOPUYHBIX 7T-ME30HOB.

SAMP-CIIEKTPBI TBEPIBIX TEJ

SlBneHye MAarHUTHOTO pPE30HAHCA XApAaKTEPHO Ui A4ep CO CIMHOM, OTIIMYHBIM OT HYyJd,
NOMEIIEHHBIX B MArHHUTHOE I10JIe, W TPOSBJIAETCS B NPELeCCHH MarHUTHHX MOMeHToB. He-
CYIME XHMHYECKylo, OHOU3IHYECKYI0 H MeIMUHHCKYI0 HHbopMmauubo, SIMP-cnektprl peru-
CTpHPYIOT HpH B3aHMONEHCTBHH MarHHTHBIX MOMEHTOB fIep C 3/IEKTPOMAarHHTHBIM H3/Tyde-
HHEM, COIepXaI(MM 4YacTOTHBIE KOMMOHEeHTHl BOMHM3M wactoThl JlapMopa, unu B pesynbraTe
ObICTPBIX H3IMEHEHUH OpMEHTAUMH BHEIIHEIO MArHUTHOIO MNMOJIA MOX AEHCTBHEM CNEUHAIBHBIX
110CJIEA0BATEILHOCTEH PAaMOUACTOTHBIX HMITYJIbCOB, HHULMHPYIOLIMX MNEPEXOMHBIC MPOLECCH
B cucTeMe afepHbix criuHoB [11]. [IpumeneHHe Takux nocrieNoBaTe/IbHOCTENR MO3BOMHIO 3¢h-
(heKTHBHO YCPEIHHTh CIIMH-CIIHHOBOE B3aUMONCHCTBME S€p B TBEPABIX TejlaX H IOJYY4HTh HX
SAMP-cnexTpsl, He ycTynawuue no paspeiienuio IMP-cnekTpaM xuaxocrei,

Bo3sMoxuocTs 3apeructpupopats IMP-cnekTp nmosMKpHCTa/UIHYecKoro ofpasua ¢ paziud-
HBIM pa3pelllcHHEM [103BONSET, IPHMEHAS K CEKTPY HH3KOro paspeiiesus MMD-cnoco6 Bae-
neHds npoGueIX ¢yHKUMA pasMbiTHa [9], CPaBHUTR MOJNYYEHHYIO OLEHKY CO CIHEKTPOM Bbi-
cokoro paspewieHus. B nanno# 3apade paGorocnoco6Hocts MM3-cnocob6a nposepeHa Ha
npuMepe pasMbitoro SIMP-cniekTpa OpraHM4YeCKOro COGIHHEHHS aJaMaHTaHa, WMEIOLIEro Io-
CTOAHHBIA YpOBeHb (hoHa.

Ha puc. 4 nokaszan SIMP-cnextp '3C anamaHTana (a), 3aperMCTPHPOBAHHBIH METOLIOM BbI-
HYXIEHHOH MpeliecCHU (KpHBad /) ¥ ¢ NOMOLILIO I10C/IEJ0BATENIbHOCTH HMIYIBCOB (KpHBas 2)
[11], a Takxe MM3-oueHnka (Kpusas 3) ¥ ee wTpuxauarpamMma (kpusas 4) (6), nonydeHHble
npu o6paboTke pa3MeITOro criekTpa (KpHuBas /).

IIpon3BoneHOE MONOXEHHWE [0 OCH OPAMHAT, OTCYTCTBHE HHGOpPMAaUHH O MOCTOSHHOH
cocTaBnsomWend ¢oHa 06bYHO 3aTPYMIHAKT 0OpaGOTKy M HHTEpIpETalHI0 TaKOTO CIEKTPa.
HelcTBUTENBHO, WITPUXAHArpaMMa MMDB-0OLEHKH CrieKTpa CONEPXHT UENyl0 CEPHI0 IHKOB,
GONBUIMHCTBO M3 KOTOPBIX MMeeT -(POHOBOE NPOMCXOXIeHHE. XapaKTepHbIM, OAHAKO, SBIS-
eTcd Hatu4ue 8 MMD-oueHKe IByX MHTEHCHBHBIX IIHKOB, OTPAXAIOLINX HCTHHHYIO CTPYKTYPY
3aperucTpupoBaHHoro IMP-cnexTpa BEICOKOrO pa3pelleHus.
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a 6
1
3
2
4
T T T T T T
1,0 5 20 25 30 35 k' 15 20 25 30 35 k[

Puc. 4. a) AMP-cnekrp *C anamantana, 3aperucTpHpOBAHHBIL METONOM BHIHYXIEHHO#H npeneccHu (/)
U ¢ nomousto m/2-, w-nocnenosarensHocty PU-umnynscos (2); 6) MM3-ouerka xpusoii 1 (3) u ee
wTpuxauarpamma (4)

[IpuMep ykasbiBaeT Ha HEOOXOXHMOCTb TOUHOIO ydeTa OHa Pa3MBITOTO CIEKTpa U NoJty-
YEHMS MPABWIbHBIX BBIBOOOB O €0 CTPYKTYpE, HO TAKXe AEMOHCTPHPYET BO3MOXHOCTE Olipe-
RefleHUA M0J0XeHHS Hanbonee MHTEHCHBHBIX KOMIIOHEHT PasMBITOTO CIEKTpa Jaxe MpH OT-
CYTCTBHH HH(OPMALIMH O IIOCTOSHHOH cocTaBmAonled ona.

BbIBO/IbI

1. Ha ocHoBe HHTepdepeHIHOHHOro NOAX01a OMHCAaH METOX PEKOHCTPYKIIMH NPOCTPAHCT-
BEHHO-BPEMEHHBIX XapaKTepUCTHK OGJIaCTH IeHepalMH YacTHI[ B CTOJIKHOBEHHMAX YaCTHLl BBI-
COKHMX 3HEpruil Mo HaGJI0HaeMBIM PACIpENENICHHAM Iap BTOPHYHBIX TOXIIECTBEHHBIX YaCTHII
IO Pa3sHOCTH HX UMIYJIBCOB ( W 3Hepruii qo. Pemenne oGpaTHOH 3amayy MPOBENEHO B paMKax
CTATHYECKOH MOJE/Id HCTOYHHKOB 4acTHH. B 3Toif Mopenu cBS3b 9KCMEPHMEHTATBHBIX JaH-
HBIX C MHTETpATIbHbBIMM 06pa3aMi NPOCTPaHCTBEHHO-BPEMEHHBIX paclpeleIeHHH UCTOUHMKOB
YacTHI BeIpaxXeHa HauGosee nmpocto. B Gosee peanuCTHYHBIX MOJENAX NMPOLIECCa MHOXECTBEH-
HOro poxjenus vactuu [12] sTa cB43b OCIIOXHEHA OBHXEHHUEM MCTOYHHKOB H 3aBHCHMOCTHIO
KOOpIHHAT go ¥ . CraTHCTHYeCKas 00eCIeYEHHOCTb COBPEMEHHBIX IKCIIEPUMEHTOB (PH3HKH
BBICOKHX 3HEPTHii CIOCOOCTBYET MPUMEHEHHI0 METOMA.

2. Ilpu noucke GapHOHHBIX DE30HAHCOB M XAPAKTEPHBIX OBICTPOT B peakuusx T p- H
7~ 12C-3anmoneiicteuit mpu P,- = 40 ['sB/c npuMeHeHHEe METONIOB (yphe-aHATH3Aa PA3MBI-
THIX CIIEKTPOB NO3BOJIMJIO YCTAHOBHTL OCOOEHHOCTH CTPYKTYPBI 9KCHEPHMEHTAIIBHBIX pacmpe-
JeJIeHWH W CONMOCTABHTh MX H3BeCTHHIM A-n3obapaM M obnactaM ¢parMeHTaUHH TPOAYKTOB
peakuuH B OpOCTpaHcTBe GBICTPOT. Pe3ynbTarThi, NOJMy4eHHbIE MPH aHANH3e CHEKTPOB adidek-
THBHBIX MacC 7 p-Nap ¢ HCIIOb30BAHHEM PAVTHYHBIX CXEM 0T6Opa T-ME30HOB B COOBITHH, yKa-
3BIBAIOT HA HE3aBUCHMOCTD NpoueccoB o6pasoBaHHs A-u306ap ¥ HCIMYCKaHHA KYMYTSITHBHBIX
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m-Me30HOB. JJaHHBIH MOAXOM MOXET OBbITh HCIIONIL30BAH TIPH MOHCKE Pa3HOOOpa3HbIX pe30HaH-
COB, MYJIbLTUKBAPKOBBIX CHCTEM, 9K30THYECKHX ME30HOB M YHCTO DIOOHHBIX cocTodHMi [13].

3. B ofpaTHbIX 3ama4yax NpPHUKIAAHOH SNepHOH (M3NKH, OTHOCAIIMXCH K 00JacTd Hef-

TpOHHON OudpakTOoMeTpud U SIMP, MeTolpl aHanu3a pasMbITHIX CIEKTPOB Ha OocHOBe MMD
NPHBE/IA K Pe3y/IbTaTaM, CPABHUMBIM C pe3y/IbTaTaMH annapaTypHbIX METO/IOB BHICOKOIO paspe-
wenusd. Beicokas nndopmatuBHOCTE MMB-MeTOO0B nonTeepxaeHa npy o6paboTke npocTeix
H CJIOXHBIX CHEKTPOB B YCJIOBMSAX, KOrda MH(OpMauus O NMOCTOSHHOH coctaBisiolei ¢oHa
CHeKTpa OTCYTCTBYET. '

Astophl Boipaxator GnaromapHocts B.JI.JIwobownuy u C.C.LHIumanckoMy 3a monesHoe

obcyxneHue.
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THE NUCLEAR MATTER MODIFICATION
AT INTERMEDIATE ENERGIES
VL. Penev', A. Shklovskaia?

Joint Institute for Nuclear Research, Dubna

PaccMaTpHBaeTCa MMIIOTE3a O B3AMMONEHCTBHM AIPOHOB C BELIECTBOM EP, [1e, KAK Npeanonraraercs,
Hapaly ¢ HyKTOHaMH S1pa B Ka4eCTBe MHILEHH [T HAIETAIOLIEero alpoHa MOTYT CJ1YXHTh M3BECTHbIE ua-
CTHLbI, PE3OHAHCH] H, BO3MOXHO, KBapkH. [Iposepka runotess! 6bU1a npoBeeHa Ha OCHOBE SKCIIEPHMEH-
TanbHbix AaHHbiXx 0 CC-, dC-, CTa-, pC-3aumoneiictenax npu 4,2 I'sB/c/nyknon. Kpome Toro, ananus
poxnenus A(1232) Psz-, N(1440) Pi1-u306ap 1 p-ME30HOB B 3THX Xe B3auMOJEACTBUAX 0OHapyXHBaeT
HEKOTOpOe Nofarnenne nx 06pasoBaHusd B pacCMaTPHBAEMbIX SPaX N0 CPAaBHEHMIO C B3aUMONEHCTRUSIMH
Ha HyKJIOHAX, YTO, BO3MOXHO, CBA3aHO ¢ 06pa30BaHUEM B A1pE IUTOTHOH «PE30HAHCHOH» MaTepHH.

A new hypothesis on hadron interactions with nuclear matter is discussed. It is supossed that the
well-known particles and resonances as well as nucleons might serve as a target in the nucleus. The
experimental data on CC, dC, CTa, pC interactions at 4.2 GeV/c/nucleon are used for the testing of the
hypothesis. A certain suppression of production of the A(1232) Ps3, (1440) Py, isobars and p mesons
is observed in these interactions, compared to the nucleon—nucleon interactions. It may be caused by the
formation of the so-called dense «resonance matter» in the nucleus. Special experiments with multiple
rising statistics are required to examine the hypothesis.

INTRODUCTION

During 60-70s of the last century it was accepted that the difference between the free
nucleon and the nucleon inside a nucleus is very small. Naturally, the nucleons are bound
in the nucleus, but the binding energy is not great and it may affect only the value of the
total interaction energy. A lot of models were developed to describe cascade mechanisms of
hadron interactions in the nuclear matter.

A few years later, the anomalous number of hadrons with high momentum were registered
in hadron—nucleus collisions at LHE and ITEPH, that contradicts the kinematics of the hadron—
nucleon interactions. To explain the effect, A.M.Baldin [1] supposed that some nuclei
interactions could be descended on a group of nucleons, but the nucleons do not lose their
identity in the nuclear matter. Hence, the name «cumulative» appeared for the produced
particles with «wrong» kinematics.

On the other hand, the well-known particles — mesons and resonances, realizing the
interactions between nucleons, might attend virtually in the nuclei. And, finally, the particles
deconfined in nuclei lead to [2] the presence of a small part of «free» quarks and gluons in
the nuclei. The same quarks, as well as mesons and resonances may be examined as target
objects inside the nucleus (Sec. 1).

le-mail: penev@Ihe jinr.ru
Ze-mail: alla@lhe.jinr.ru
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The problem, how the properties of hadrons in the nuclear matter change in comparison
with their free state, attracts a great deal of attention. Yet it is known that the nucleon mass
m’ in nuclear environment is not equal to my, although there is no consent about its exact
value. Quite approximately it would be accepted that in the middle of the nuclei (where
nuclear density is pg) m}; (po)/mn =~ 0.8. The remarkable consequence from this estimation
is [3] that the quark condensate has dropped by ~ 50% in the middle of nuclei. Other
particles also change their masses, and the difference between «free mass» and the «bound
mass» increases with the particle mass.

The energy E (E > my, where my is a nucleon mass) coming in the nuclei can strongly
modify the nuclear matter in some part of the nucleus, or in the whole one, changing the
particle parameters. But the search for free particles and resonances, with modified parameters,
has not been successful so far.

While the high-energy colliders try to probe the hot quark—gluon plasma at the low net
baryon density, the matter, possibly the quark-matter, may be produced at rather high baryon
density and moderate temperature on the fixed target at the Nuclotron. Reproduction of
hadron distributions on the base of central Si+ A collisions data at the AGS at freeze-out
shows baryon densities exceeding the nuclear matter density five times for a typically extended
time of about 5 fm/c [4, 5].

Intensive production or «dressing» of resonances in such conditions increase the matter
density even more. Metag [6] on the base of calculations of S. A.Bass et al. [7] and S. Teis
et al. [8] concluded that for 30 % of nucleon resonance population at 2 A-GeV, the mean
distance between separate constituents becomes ~ 2 fm attaining the boundary in strong
interactions. Thus the density of resonances is so high that they start interacting with each
other, and then we can speak about these systems as of the resonance matter.

The resonances are produced intensively in elementary particle interactions at 24 GeV,
whereas in nuclear—-nuclear interactions the resonances are hardly found at the same energies.
What is the reason? We shall try to give the answer in Sec. 2,

1. MODIFICATION OF THE «TARGET»

So, the first hypothesis for testing was the following one: inside one nucleus there are a
lot of known abjects ready to serve as a target for incident particles. So, the experimental
data {10] on CC, dC, CTa, pC interactions at 4.2 GeV/c/nucleon were analyzed.

1.1. Method of Testing. The way of target investigation was prompted by a very handy
target-mass analysis, proposed 40 years ago by N.G. Birger and Yu. A. Smorodin [9]. Fol-
lowing [9] we write the target-mass M, as:

M; =5,(E; — pini) - €o. (1)

Here, E;, pii are the energy and the longitudinal momentum of the particles produced in
the interaction; (i = 3,...(nch +2)). (e0 = E1 —p1), E1, p1 determine the initial energy and
momentum.

In the case of the moving target, M, distribution looks like a peak at

Meﬁ + <Teﬂ' - Ue >, (2)
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where Tog and U are the kinetic and potential energies of the interacting objects. The width
is determined by the target Fermi-momenta inside the nucleus p.gy, and (peg)) = 0.
The invariant target mass square is

M? = (2P - P)% 3)

Here P, and P;, the four-momenta of the initial and produced particles, were also used for
the testing.

1.2. Background Reduction

(1) Indeed, in the propane bubble chamber the distinction of protons from 7 mesons was
successful to the momentum of ~ 0.7 GeV/c only. At the higher momenta the identification
was made by the statistic weight, wy, [11]. To reduce the neutron contribution, the events
with only one well-identified proton were taken into account.

(ii) Bad measured tracks, the lost particles, as well as the events containing unam-
biguously identified particles were taken into account with the help of the corresponding
weights [11].

(iii) Obviously, the proposed consideration requires all particles to be registered thor-
oughly. To exclude the events, in which neutral particles were not registered, as well as
to share out the effect, the test of transverse momentum compensation was applied. The
request of the transverse momentum compensation means that a sum of transverse momentum
components p,; and p.; does not exceed a small value, designated as the p, and p, limits
simultaneously. Figure 1 shows transverse momenta of all charged particles produced in CC
interactions at 4.2 GeV/c [10]. The events from the narrow stripes were taken for the further
analysis.

(iv) The missing-mass method. The method was used for the separation of the events
which were suitable to the definite process kinematics. The missing mass square was written
as:

M2 = (ZP — (P + P))?, 4
or:
Mr%]is = ((El + Mtarg) - ZEI)Q - (pl - 2pi)2! (5)

where P, P, are the four-momenta of the initial particles; P; is the four-momentum of the
produced particles; also F;, p; and E;, p; are the energies and momenta of the initial and
produced particles, respectively; M., is the mass of the object, on which the interaction
took place. The width of the maximum at M2, = 0 is determined by target Fermi-momenta,
by the measured errors and, of course, by a natural width of resonance, if it occurs to be a
target.

Separation of definite reactions (CC and Cp from C-C3sHg or pC and pp interactions from
p-CsHg) was made by the weights, calculated in [11] on the base of the known inelastic
cross section and some additional criteria. Figure 2 demonstrates the spectra of some separate
channels. All necessary weights are used here and the nucleon mass is taken as Mi,,.
Further, the missing mass spectra, received in different assumptions about My,.g value:
Miarg = My, M,, M, and ~ M,, were calculated. The events having the Mr?)is values
inside the narrow region near zero of the appropriate distribution correspond to the process,
which is searched for.
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1.3. «Targets» Inside the Target, The mass—targets M, for different demands on trans-
verse momentum balance are shown in Fig.3, a, b, ¢, d. All criteria besides «missing mass»

M
N lp
L k v
[ Quarks a
20+ l D 21
i M, Entries 354
L \L L Mean 0.7294
10 r‘_ RMS 0.4342
0 Mrﬂ: el I
200 | b
- ID 21
150 Entries 2888
o Mean 0.7604
100 | RMS 0.4156
50
0 :l L1t I 1 1 1 1 |J 111 l LI 1 l 1.1 1.1 l | S I IJJ 1 2
(4} 0.25 0.5 0.75 1 1.25 1.5 1.75 2
M, GeV, withp_, p, limits
N-10?
3000 [ )
C c
L ID 24
2000 L_ Entries 297
r Mean 0.7079
+ RMS 0.5415
1000 M,
r l F_LI
0 S| JE f_l_l‘_.l*l""rl—' ! 1 I_'_L_lﬂ M i )
1500
a d
: ID 34
1000 Entries 297
F‘ Mean 0.6279
s00 [ RMS 0.3433
.
0 : 1 m 4 i y) L L 1 l L ] 1 J
1.5 2 2.5

M, GeV, withp_, p, limits
Fig. 3. Mass—target (M;) distributions with transverse momentum balance: a) AY. p,
sart (X pei)? + (2 p:4)%) = 70 MeVie; bd) AY p: = sart (X pei)? + (X p:i)?)
+140 MeV/c. C-C3Hg interactions without weights (a, b); pC (c) and pp interactions (d) from
p-C3Hg interactions with weights w;, wp, and we
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were used here. As seen from the figure, the nucleon was used as a target approximately in
30 % of the events, a lot of them (~ 20 %) have the mass—target less than a proton mass. For
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Fig. 5. Mass—target (M,) distributions of the candidates for separate reactions of protons with = mesons
(a), p mesons (b) and nucleons (¢) for pC interactions

those last events the separate groups may be identified with the ones where quarks or =
mesons, pairs 77 ~, rest from w, n mesons, or p mesons, are used as a target.

Further the missing-mass method (iv) was applied to Cp, pC, and pp interactions. The
results are shown in Figs.4, 5, 6. The groups of events where initial particles interacted with
objects having the mass equal or less than the nucleon mass, are separated clearly.

M? distributions demonstrate the same effects, but they are not so descriptive as at the

M, spectra.
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Fig. 6. The same as in Fig.5 for pp interactions

2. RESONANCE MATTER — DOES IT EXIST?

The energy of interactions puts in action the resonances, already existing in the nucleus,
or excites the new ones. If the region of the produced resonances occupies a small value,
then, perhaps, in that region the dense resonance matter is produced.

2.1. Resonance Source Dimensions. The question is: what is the dimension of the reso-
nance source R, in the nuclei determined in experiments?

Many of the particles produced can be the result of resonance decay. Thus, the measuring
radii R, or Ry, include, besides dimensions of the original producing region, the decay
range of intervening particle, the path of the particle to eventual secondary interactions, etc.
Therefore the R, or R, obtained up to now are not exact values.

The interference effect between identical particles is used to measure the source dimen-
sions. But the resonances prefer to decay into nonidentical particles.
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In the case, when one of the two identical particles comes directly from its source and
the other one comes from the decay of intervening particle (or resonance), the correlation
between these particles is determined by the intervening particle decay range L and by the
dimension R of the production region.

Proposed by Podgoretsky and Lednitsky [12] and by Grassberger [12], the method of

R, or Ry, determination with the use of decay range (L), was tested in [14] for Z-bosons
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production and decay into muons in CMS set-up. The results have shown that the interference
effects, coming from Z bosons, could be clearly determined, if the source radius of produced
Z bosons is small.

Similar research may be applicable to ¢, 7, p mesons and A resonances at the Nuclotron
energies. New putting-up of the precise experiment is necessary. A long base (~ 50 m)
would guarantee precise measurements of moments and angles of both identical particles.

2.2. Resonance Production in Nuclear-Nuclear Interactions at 4.2 A-GeV. Middle
numbers of positive and negative mesons produced in carbon—carbon interactions are nearly
two and seven times correspondingly greater than the ones, produced in proton-proton in-
teractions. Usually the increase of the charged particle multiplicity, particularly = mesons,
happens due to the plenty of resonances. They are effectively produced, apparenty in all
types of interactions considered here. So, the observation of abundance of a small 7-meson
p; momentum confirms this approval [15].
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Fig. 8. Effective mass distributions for pp quasi-interactions shared out from C-C3Hs interactions on
the base of M; spectrum and of summary charge of all produced particles analysis. a) M, +,.-; b)
M,.-; ¢) M, —. The meaning of the Mj, .+ restriction consists in the following: all two-particle
effective mass values coming from three-particle combinations «decays» having the effective mass less
than minimal mass (the boundary for the «correspondent reaction») are rejected. The «correspondent

reaction» is the reaction which produces the resonance being searched for
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The spectra of effective-mass 777~ mesons and pr™ particles indicate the presence of
the At isobars and, maybe, of p mesons in dC interactions. They disappear, however, in
CC and CTa interactions with high charge particle multiplicity entirely (Fig.7). Here the
combinatorial background prevented to observation of the resonances. To reduce the number
of bad combinations, the analysis of many-particle effective-mass spectra was applied [16].
In this case, as is seen from Figs. 8, 9, the situation improves significantly.
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Fig. 9. Effective mass distributions for CC interactions at 4.2 A-GeV/n. See description of Fig. 8 for

details

CONCLUSION

In consequence of some expounded speculations we can conclude that the hypothesis
on the presence in the nucleus of the objects other than nucleons, which can serve as the
target, has some confirmation. At 4.2 GeV/c/nucleon the results for CC interactions do not
contradict the following evidence: initial nuclear collisions between particles, having a mass
less than the nucleon one, may happen in a large part (R ~ 20 %) of all events. Many known
resonances or particles and, possibly, quarks can be used as the target. Separate groups of
such events are clearly seen.
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The production of the so-called cumulative particles [1] can be explained by the interaction
of the incident particle with heavy resonances. Heavy resonances have the great binding
energy, and it may change its mass in rather wide boundaries.

The testing of the second hypothesis — resonance production suppressing in nuclear—
nuclear interaction — has not obtained full confirmation.

But, the A(1232) P33 and N (1440) P;; isobars and p mesons are produced in the CC and
CTa interactions with the same intensity as in nucleon—nucleon interactions. Hence it follows
that some suppression exists, particularly for more «central» events (with high Npar).

The nature of this suppression is not clear so far. It is known that the secondary interactions
may suppress resonances not more than by 20-30 %. It is necessary to perform a more detailed
study of this problem. Probably, the resonance matter model with anomalously high cross
sections of the interaction between constituents in superdense matter will help to perform it.
However, obviously the development of such researches requires to enlarge statistics.
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The purpose of the project is to study three-nucleon interactions using 14—16 MeV polarized neutron
beam in conjunction with polarized deuteron target. Spin-dependent total cross-section differences Ao
and Agr will be measured in the energy range, where there are no experimental data, with sufficient
accuracy to check the contribution of the three-nucleon forces. In the test run, the obtained deuteron
vector polarizations were P = (—39.5 £ 2)% and P4 = (32.9 &+ 2) %. The proposed experiment is
the continuation of the preceding measurements of the same quantities in the np scattering at the Van
de Graaff accelerator of Charles University.

Llenbio npoekTa SBIAETCS M3yueHHE TPEXHYKIOHHBIX B3aWMOIEHACTBUM C MCIOJIb30BAHHEM IOJADH-
30BaHHOrO0 HEHTPOHHOIO nyyka c 3Heprueil 14—16 MsB cosmecTHO ¢ nonspu3oBaHHONH JeHTPOHHOMH
Muwedblo. CnuH3aBUCALIME Pa3HOCTH TOJHBIX fonepeyHblx ceyenuid Aop U Aor Oyayr H3MepeHbl
B 00nacTy 3HEeprui, CIe HeT BKCNEePHUMEHTANbHLIX AHHBIX, C TOYHOCTHIO, JOCTATOMHOM U NPOBEPKH
BK’1ala TPEXHYKJIOHHBIX CW. B MeToanyeckoM ceance GbUIM NOCTHIHYTHI 3HAUEHHS BEKTOPHO#M NONsgpH3a-
unu peitporos P— = (—39,5+2) % n Py = (32,9 2) %. IlpeanaraeMblil 3KCIIEPUMEHT ITPOXOIKAET
APENLIECTBYIOUINE HIMEPEHHS TEX XE CaMblX BE&THYKHH B Mp-paccesHHWM Ha yckopureie Bau-me-I'paadga
Kapnosa ynusepcHrera.

INTRODUCTION

It has now become possible to carry out exact experiments and perform numerical cal-
culations of the Faddeev equation for neutron—deuteron scattering using present-day NN
forces [1]. There are theoretical predictions of the Bochum—Cracow group concerning 3N
system [2]. It is proposed to measure spin-dependent total neutron—deuteron cross-section
differences with both neutron and deuteron polarized (Ao and Aop) at incoming neutron
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energies smaller than = 20 MeV. In [2] Aot and Aoy were calculated with four recent NN
potentials: AV18, CD Bonn, Nijm I, and Nijm II. As the 3NF, the 2r-exchange Tucson—
Melbourn (TM) model [8] was adjusted to the triton binding energy. It was shown that the
3NF change the magnitudes of the longitudinal and transversal asymmetries of the total nd
cross sections, and the value of the effect is large enough to be measured. The results of such
measurements will form the data basis to test the present 3NF models.

The total cross-section difference (Aoy) between parallel and antiparallel configurations
of neutron and deuteron spins was measured at TUNL [3] for incident neutron energies of
5.0, 6.9, 8.9, and 12.3 MeV. The data were compared to the theoretical predictions based
on the CD Bonn NN potential calculations, with and without the inclusion of the TM—-3NF.
The authors found that the data were greater by a factor of ~ 1.5, and noted that, «given
reasonable agreement with other nd observables, a sizable discrepancy between experimental
and calculational values would be a large surprise». The origin of this discrepancy with the
calculations remains unknown.

The experiment on the dp elastic scattering has been carried out at Ej.p, = 270 MeV in
RIKEN [4]. A discrepancy with Faddeev calculations using recent N N forces was found. This
discrepancy can be completely removed for the cross-section data and for A‘yi, by including
the TM-3NF in the calculation. In contrast, the inclusion of the 3NF does not lead to a
better description of the A;; data, in comparison with the predictions using NN forces only.
These facts clearly indicate deficiencies in the TM—-3NF spin-dependence calculations. At
RCNP the cross-sections and polarization parameters have been measured for pd scattering
at 250 MeV [5].

It is important to note that the nd scattering is interesting in view of the 3NF effects, as
there is no Coulomb interaction, and a direct comparison with a Faddeev type calculation is
possible. Such experiment on the backward nd scattering at Ej,1,(n) = 250 MeV was carried
out at RCNP [6]. The review of the present situation is contained in paper [7].

The aim of the Project is to study 3N interactions in the final state, using the 14-16 MeV
polarized neutron beam in conjunction with the polarized deuteron target (PDT).

We propose to measure Aoy and Aor in the nd transmission experiment at neutron
energies up to 16.2 MeV, where no experimental data exist. The proposed experiment
is the continuation of the previous measurements of the same quantities in neutron-proton
transmission [9, 10].

1. EXPERIMENTAL EQUIPMENT

An apparatus measuring the spin-dependent total cross-section differences has been con-
structed in Charles University. The set-up used in this experiment includes a tritium target
for the polarized neutron production, a collimator, a background protection system, a magnet
rotating neutron spins, a polarized deuteron target with the frozen nuclear polarization, and
data acquisition equipment.

1.1. Polarized Target. The authors of the Project propose to use the existing frozen-spin
target [11] for nd spin-dependent experiments used earlier for the np experiment (Fig. 1).

The target includes a stationary cryostat with a dilution refrigerator, a movable magnetic
system including a superconducting magnet with a large aperture, a superconducting solenoid,
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« detector a high-frequency generator provid-
Magnetic separator ing the dynamic polarization and a
NMR-signal detection array.

> MoV As target material, 1,2-propane-
Van de Graaff | diol C3HgO9 (volume 20 cm?) with
Deuteron| accelerator | paramagnetic Cr(V) impurity was
used. The maximum obtained po-
* Neutron beam monitor FM larization was 93 and 98 % for pos-
Neutron beam monitor BM itive and negative values, respec-
tively. The target was maintained
at a temperature of ~ 20 mK in the
> holding magnetic field of 0.37 T.
Neutron detector FD Under these conditions, the spin
Neutron detector BD relaxation time was approximately
Neutron beam 1000 h for positive polarization and

300 h for negative polarization.

The polarization direction is de-
fined by the orientation of the hold-
ing field. The experiments with longitudinal polarization are performed with the supercon-
ducting solenoid. For the experiments with vertical polarization the superconducting dipole
is used.

The target polarization measurement is carried out using a ()-meter of Liverpool type
with operating frequency of about 17 MHz. An ATT diode generator with output power of
~ 200 mW at a frequency of ~ 75 GHz is used for the dynamic build-up of polarization.

The polarized target was upgraded in order to use deuterated propanediol C3DgO,. This
target material, in the form of small balls =~ 2 mm in diameter, is placed in a teflon container,
2 cm in diameter and 6 cm long.

The test run was carried out in 2001. The following deuteron vector polarizations were
obtained: P_ = (—39.5+ 2)% and P, = (32.9 %+ 2) % (Fig.2).

As the nuclear magnetic resonance (NMR) signal from deuterons is much weaker than
from protons, it is necessary to accumulate the signals and to use a PC for registration. The
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Fig. 2. Deuteron NMR spectra for a positive polarization (a) and a negative one (b)
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upgraded polarization measurement system permits one to measure Ao and Aoy, for the nd
scattering and to increase the sensibility for other experiments.

1.2. Polarized Neutron Beam and Detection System. As in the previous Aoy r(np)
experiments, the exoenergetic two-body reaction 7T'(d,n)*He should be used for the neutron
production [12]. Unpolarized incident particles provide the transversally polarized outgoing
neutrons. Their polarization value P, depends on kinematic conditions of the reaction.

The Van de Graaff accelerator HV-2500 AN produces the deuteron beam ~ 1 mm in
diameter, with the maximum current of 30 nA at the energy of (1.820 % 0.005) MeV. The
beam strikes the production target, where tritium was absorbed on Ti, under 45°. The neutrons
emitted at the angle 6),;, = (62.0 £ 0.7)° have the kinetic energy E, = (16.2 &+ 0.1) MeV
and P, = (—13.5£14)%. ,

Neutrons, together with -~y rays, incident on the polarized target, are monitored by two
neutron detectors. Two other counters behind the target are used as neutron transmission
detectors.

The conjugate « particles, emitted with the energy E, = 3.2 MeV at 8,,;, = —90°, together
with deuterons elastically scattered at the same angle, pass through the magnetic separator
with a field of 0.5 T. They are registered by a silicon surface-barrier detector (8 x 5 mm).
The o detector was adjusted to the position corresponding to the desired a-particle curvature
in the separator magnetic field. It detected only a small amount of scattered deuterons. The
tagging of neutrons is obtained by the coincidence of a-detector signals with signals from any
neutron detector. In addition, for the background reduction, the time-of-flight (TOF) method,
with a time resolution better than 2.5 ns, is used. Typically, 2 - 10* neutrons/s in a well
collimated beam were obtained.

For the Aoy experiments, the transversal neutron beam polarization is rotated into the
longitudinal direction by the permanent magnet, having a field of 1.8 T at the length of 26 cm.

In order to increase the number of events and improve the effect/background ratio, the
neutron detectors were upgraded to discriminate against «y counts more efficiently. Several
liquid scintillator containers with high reflective ability and a reliable atmosphere insulation
have been designed and manufactured.

To increase the light collection factor, a method was developed consisting of pure alu-
minium covering of the container inner surface, with high vacuum evaporation technology.
An aging test was carried out of the counter equipped with the new-type container. Good
n/~ discrimination parameters were observed still after one year of storage. A new movable
support was used for the flat liquid scintillation counters, filled with NE-213 scintillator. The
neutron beam incident on the polarized target is monitored by two beam detectors. Two other
detectors are placed behind the target.

For the signal processing and the data acquisition the CAMAC system was used. This
system includes the fast-slow coincidence circuits and the pulse-shape discriminator (PSD).
The PCD module was constructed in order to suppress the unwanted ~ background. This
method reduces the background 40 times and enables us to set the neutron signal threshold
quite low and to reach a maximum detection efficiency.

1.3. Minimum Statistics and Estimated Data Taking Time. For the purpose of this
subsection, we treat the simplified case of Aoy r measurement using the vector polarized
deuteron target, the beam and target polarizations in one parallel and one antiparallel di-
rections. We set the neutron beam diameter to be smaller than the target diameter. The
transmission method for the total cross-section differences needs relative measurements only,
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and the knowledge of unique absolute value, i.e., the number of polarizable deuteron per unit
of the target cross section.
For Aoy, 1 we find

In (¢(parallel)) — In (£(antiparallel))
U.)Pbl)t !

Aoy = 0y
where w is the number of deuterons per unit area of the target; P, and P, are the beam and
target polarizations, respectively; and £ = Ny/Nyon, where Ny and Ny, are net counts in
the detector and monitor.

The statistical error of Ao is

2 1 1
L(JP[,Pt N mon Ny

6stat (AU) -

where  Nypon = (Nmon (parallel) + Ny, (antiparallel))/2; Ny, = (N4 (parallel) +
Ny (antiparallel))/2. For E, = 16.2 MeV and D-propanediol w = 3-107% mb~!, P, =
13.5 %, P, = 36 %, we have 1/wP,P, = 6.9-10* mb.

Demanded values for E,, = 16.2 MeV are: for Ac;6 = 10 mb, for Aord = 30 mb.

To get the statistical errors of such values, with Ny, = Ny = 100 events/s (considering
that the accelerator functions 18 hours/day ~ 65000 s), it is necessary to have a run of 30 days
for measuring Ao and a run of 4 days for Aop.

For a systematic error of Ao:

62, (A0) =83 + 63, + 6% + 82eom: 3)
or
82, (Ac) = (0.104)* + (0.05) + (0.03) + (0.01)* = (0.12)*. 4)

2. PROPOSED POLARIZED NEUTRON SOURCE

It is known that 7'(d, n)*He is a good source of polarized neutrons for deuteron energies of
less than 1 MeV [18]. The notations are taken from paper [18] (Fig. 3). Below approximately

0.5 MeV, the reaction is almost completely described by S wave J = — resonance. At

scattering angle of 0°, the outgoing n polarization for a deuteron beam polarized along the y
axis is given by

3
P
Py(n) = —*=3 - (5)
1+ §pyyAyy
+

3 . . 1 o
For pure J = 2 interaction, the analyzing power A, tends to 3 and the polarization

. 2 N
transfer coefficient Kg' tends to 3 If tensor polarization py, equals zero, p,, tends to p,.
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Fig. 3. a) Projectile helicity frame; b) outgoing reactant helicity frame

If the incident beam is polarized along the z direction,

P, sinf
Dy — 1 ) (6)
1- Z(3cos2 6—1)p..
1
P cosf
Pzr — ) (7)

1
1- Z(3C0829 - 1)p..

pyl - 0 (8)

There are severe difficulties in mounting the polarized ion source at the Van de Graaff
accelerator. These difficulties are connected with the shortage of space and energy at the high
voltage terminal. But it is possible to test the early proposal made by Zavoiskii [13] on the
ion polarization, using the capture of polarized ferromagnetic electrons in a thin foil. The first
such experiment was carried out by Kaminsky in 1969 {14, 15]. His results were confirmed
by Feldman et al. [16].

The success of the experiments made by Kaminsky is related to the use of the channeling
through a single crystal foil. The technique investigated here is to direct the incident deuterons
in one of the channeling direction of a monocrystalline nickel foil magnetized to saturation.

After passing the weak magnetic field region, the tensor polarization of the well-channeled
deuterium atoms (now polarized in electron spin and nuclear spin) can be determined by
measuring the angular distribution of the « particles emitted in the reaction 7'(d, n)*He.

In Kaminsky’s experiments the direction of magnetization was parallel to the axes of easy
magnetization in the plane of the Ni foil. Saturation is reached at fields of approximately
30 G.

The measured value of P33 was —0.32£0.01, which corresponds to a fractional population
of m;y =0, Ny = 0.440 £+ 0.003. A beam of 0.5 uA/cm2 of channeled deuterium atoms
was obtained with nuclear spin polarization (without significant lattice damage for ~ 25 h of
operating time).

It is possible to produce a relatively cheap polarized neutron source at the Van de Graaff
accelerator at Charles University [17] (Fig.4). The nickel foil should be mounted in the
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Fig. 4. Polarized neutron production: a) transversal horizontal polarization; b) transversal vertical
polarization

transversal magnetic field of =~ 500 G in the plane of the foil. Deuterium atoms with polarized
electrons are directed into the longitudinal magnetic field of the same value. The calculations
show that the electron polarization adiabatically follows the magnetic field direction. At
the length of 50-70 cm, the reversal of the magnetic field takes place (Sona transition
method [19]), and the electron polarization is transferred to the deuterons. In the ideal casé,
the vector polarization should be p, = —2/3 and the tensor polarization p,, = 0, where
the z axis is in the direction of the magnetic field of the second magnet (e.g., along the
beam direction). If the Titanium-Tritium target is mounted in a strong magnetic field, the
neutrons produced at the angle of 90° (CM) have the same value of vector polarization, but
are transversal in the horizontal plane, in the same way as the primary beam.

It it also possible to rotate the longitudinal vector polarization adiabatically into the vertical
direction by the magnetic field of an additional magnet. Then, the neutrons produced at 0° will
have, ideally, the vertical polarization equal in value to the deuteron polarization P, =~ 2/3.

As shown in paper [20], the transversal vector polarization of deuterons at an energy
of ~ 200 keV can be measured using 2H(d, p)3H reaction. The vector analyzing power of
this reaction with 200 keV deuterons at 120° lab angle of 0.224 £+ 0.017 was measured in
paper [21].

Numerical calculations have been carried out using Schrddinger equation for six-compo-
nent wave function, describing the state of the atom as a superposition of the six states at a
high magnetic field, which have a definite nuclear spin.

With the use of data known from the cited papers and the results of calculations, it is
possible to expect that the polarized deuteron current may reach 0.5 pA with an energy of
< 200 keV and the vector polarization P reaching 2/3 and P33 = 0. These values, if reached,
will allow one to upgrade considerably the parameters of the current polarized neutron beam.

The polarization of the neutron beam will be measured using ‘He(n,n)?He scattering,
where A, (0) reaches the theoretical maximum (= 1) (near § = 110° and around F, =
12 MeV) and varies slowly with the energy and angle [22].

CONCLUSION

The Van de Graaff accelerator at Charles University, Prague provides the 16.2 MeV
polarized neutron beam. In conjunction with the polarized deuteron target it is possible to
measure, for the first time, the observables Aoy r(nd) at this energy.
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It is of particular interest to compare the experimental results with the recent phenomeno-
logic predictions for the same quantities, calculated in the neutron kinetic energy interval up
to 20 MeV. Such a comparison checks a contribution of the three nucleon forces (3NF) in
the final state.

It is proposed to use equipment considerably upgraded with respect to that used in previous
Aoy, r(np) measurements.

It is planned to reduce the relative errors of measurements from 12 to 5 %, which should
help to determine a possible 3NF contribution.

It is proposed to extract polarized deuterons for the production of the neutron beam with
an energy of about 14 MeV and to increase its polarization.
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The scintillation and Cherenkov counter system of the forward detector of ANKE, magnetic spec-
trometer at the internal beam of the accelerator COSY in Jiilich, is described. The timing and amplitude
characteristics are presented as well as the capabilities to select physical processes of interest.

OnuchiBaeTC: CHCTeMa CLMHTIWUISLIMOHHBIX M YEPEHKOBCKHX CHETYMKOB MEPEIHEro OeTeKTopa
ANKE, MarHMTHOIo cnekTpoMeTpa Ha BHyTpeHHeM nyuke yckoputenss COSY B IOnuxe. IlpuBenens
MX BpEMEHHbIE H aMILTHTYIHbIE XaPaKTEPUCTHKH, a TAKXE BOIMOXHOCTH HX NPUMEHEHHS IS BblIEIeHUs
UHTEPECYIOINX (PH3HUECKHX NPOLIECCOB.

INTRODUCTION

The experimental facility ANKE [1] is in operation at COSY, the COoler SYnchrotron at
the Forschungszentrum Jilich, Germany. It is used for study of proton- and deuteron-induced
processes at intermediate energies of up to 2.8 GeV. The ANKE setup (Fig. 1) consists of a
three-dipole magnet system installed in the accelerator ring, an internal target and a set of
detector groups which select the interaction products in various kinematical regions. One of
these groups is the forward detector (FD) which provides detection of fast forward-emitted
particles with momenta from 30 to 130 % of the beam momentum in the polar angle range
0° < ¢ < 12°.

The FD acceptance covers a significant part of the phase space of secondaries produced
in nuclear interactions at COSY energies. Therefore, being used alone or in coincidence
with the other detector groups, the FD allows one to investigate a wide range of processes,
including the cumulative deuteron breakup, the w and ¢ meson production, the subthreshold
kaon production and others.

The forward detector comprises a set of fast multiwire proportional chambers and ho-
doscopes of scintillation and Cherenkov counters. We describe here the design and perform-
ance of these hodoscopes used for triggering and particle identification in experiments with
ANKE.
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Fig. 1. Scheme of the ANKE setup

1. SCINTILLATION HODOSCOPE

The forward scintillation hodoscope (FSH) consists of two planes (A and B) with eight
and nine vertically oriented counters in the planes A and B, respectively (Fig.2). The coun-
ters in the plane B are half-width shifted with respect to the A-plane counters. The length of

8 3 2 1
[ T T T ) T I——1— Plane A
80 / 60 40
9
[ T T N ) r312111PlaneB
80 / 60 50 40
Y
Fig. 2. Schematic top view of the forward

scintillation hodoscope. The numbers above
the planes are the counter numbers, those below

the planes give the widths in millimeters

counter (Fig.3) includes a linear fan-out

all scintillators is 360 mm, the width is 80 mm
for most counters and gradually decreases to
40 mm for the counters in the high-momentum
region near the beam pipe, where their occupancy
increases. The scintillator thickness is 20 mm
for the counters 80 mm wide and 15 mm for the
others. The scintillators are viewed from both
ends via lightguides with photomultipliers (PM)
of the types XP4222 and XP2972 for the 20-mm
and 15-mm counters, respectively. The counters,
designed as independent units, are assembled on
a common frame.

The front-end electronic channel for each
and a constant fraction discriminator/meantimer

(CED/MT) [2]. Hence, from each counter two analog signals (from the upper and lower
PMs) and three logical signals (two from CFDs of the upper and lower PMs and one from

MT) are available for further digitization
triggering purposes [3].

in ADC and TDC and recording as well as for
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The time resolution of the counters measured in real beam conditions is in the range o =
100 =+ 150 ps, the lower value being for the counters with thicker scintillators. This provides
the time-of-flight (TOF) measurements if the FSH is used together with one of other detector
groups or if two particles hit different counters of the FSH. (As a matter of fact, in both cases

not the TOF is measured but the relative timing of ADC
. . o o

th dete.cted particles Wthh. may_have.qmte dlfferent

trajectories. Nevertheless, this delivers informatien for

the off-line particle identification which is equivalent

to the TOF.)

Using the timing information from the CFD chan-
nels of the upper and lower ends of a counter, one .g -
can find the value of the vertical coordinate y of the Z n .
detected particle. The spatial resolution along the y 3 T}';ili%:f
direction obtained with this method is in the range
oy = 1.5+ 2.2 cm. The accuracy of the z-coordinate
measurement in the hodoscope is defined by the counter
widths. Taking into account the shift between the
planes A and B, the uncertainty of the z-coordinate is fan-out
close to a half of the counter width if the both plane sig-
nals are used (or slightly more for the inclined tracks). Fig. 3. Scheme of the electronic channel
The z and y coordinates obtained in this way are used at of an FSH counter
the first step of the track reconstruction procedure in the
forward detector proportional chambers. The achieved coordinate resolution of the FSH is suf-
ficient to define a limited track search corridor and thus to exclude most of the spurious tracks.

TDC

The amplitude information from the FSH is used in the off-line analysis for particle
identification and event selection of the processes under study. At intermediate energies the
energy losses in the counters depend considerably on the particle type and momentum. For
this reason a special amplitude calibration procedure has been developed {4]. The aim of this
calibration is to obtain for each counter the relation between the measured amplitude in ADC
channels and the real energy losses AE in the units MeV/cm.

The amplitude calibration procedure is the following. Events from several binary processes
(i.e., when all the momenta are well defined) are identified and the most probable (m.p.)
values of the corresponding peaks in the amplitude distributions are calculated. The processes
used are the pp — drt reaction at a beam energy of 0.5 GeV with detection of the forward
or backward emitted deuteron (in the c.m.s. frame) and the elastic pp scattering at a beam
energies of 0.5, 1.0 and 2.0 GeV. The m. p. values can be related to the energy losses in MeV
as the particle’s type and momentum are defined and hence the energy losses are well known.
These sets of the five m. p. values for each counter (independently for the signals of the upper
and lower photomultipliers) are fitted with polynomial functions of AE, and corrections for
the dependence of the amplitude on the coordinate are applied. The final calibration function
for a counter is an average of the two functions obtained from independent fits for both
counter amplitudes.

In Fig. 4 an example of the energy loss distribution in the counter A-3 and the correspond-
ing counter B-4 is shown. The data were collected for a hydrogen target at a beam energy
of 0.5 GeV. Among the three intensive peaks in the spectrum the lower losses correspond to
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Fig. 4. Energy loss distribution in two matching counters of the scintillation hodoscope measured at a
beam energy of 0.5 GeV with a hydrogen target

protons from the pp elastic scattering, while the medium and the rightmost peaks correspond
to deuterons from the two kinematical branches of the process pp — dn™ (the forward and
backward deuteron emission in the c¢. m. s. frame, respectively). A small peak at the left of the
distribution is due to pions which have lower AFE. The spectrum contains also the continuum
caused by detection of protons from the pion production processes in which the protons are
widely distributed over energy. So, the energy loss distribution as a whole reflects fairly well
the dominant physical processes for the given conditions. The widths (FWHM) of the peaks
in the AF distribution vary from 11 to 17 % for deposited energies from 9.6 to 2.8 MeV/cm,
respectively.

2. CHERENKOYV HODOSCOPE

Cherenkov counters in the forward detector help to distinguish between the particles of
different velocities, especially in the high-momentum region where AFE and TOF methods
become less efficient. The counters in the forward Cherenkov hodoscope (FCH) make use of
the total internal reflection of the Cherenkov light inside the radiators. The prototype of such
counters for ANKE was tested in [5].

The counter radiator made of lucite is oriented at a predetermined variable angle to the
direction of the particle flux. Particles of the same momentum but of different masses have
different velocities and, as a result, radiate Cherenkov light at different angles. Hence, one
can choose the value of the counter inclination angle such that the Cherenkov light for one
of the particles leaves the radiator, but for another one, of less mass and hence faster, part
of the light is «trapped» inside the radiator due to the total internal reflection and reaches the
photomultiplier at the counter end. This is illustrated in Fig.5 for the case of protons and
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deuterons. To absorb any but the total internal reflection light, the radiator is wrapped with a
black paper.

The FCH consists of 16 identical counters assembled as two groups placed symmetri-
cally with respect to the median plane of the forward detector (like in Fig.5). Each counter
has a lucite radiator of cross section 8 x 5 cm (w x t) and length 30 cm.
The counter is viewed by a photomultiplier XP2020 at the radiator end.
The inclination angle can be set independently for any counter. The
counters are mounted behind the forward scintillation hodoscope on
a common supporting frame and cover approximately the same solid
angle. For each counter the amplitude and the timing information are
measured. The FCH signals are not used for triggering, so the particle
identification is made in the off-line analysis.

The efficiency of the FCH to protons was investigated in a wide
momentum range from 0.5 to 2.7 GeV/c (to cover this range the
measurements were done at three beam energies). From these data the
efficiency to deuterons can be easily deduced, since deuterons with
twice higher momenta have the same velocity as protons and hence
radiate the Cherenkov light identically.

The FCH performance with respect to proton/deuteron separation
was obtained in an experiment on w(782)-meson production in the
process pd — pspdw (here pg, “is a slow spectator proton) at a
beam energy of 2 GeV. The deuterons from this reaction, detected
in the FD, have momenta in the range 1.7 < 2.3 GeV/c and should
be separated from the background of protons. The FCH detection
efficiency of deuterons in this momentum interval is equal to that of
protons with momenta of 0.85+1.15 GeV/c. The counters’ inclination
angle was set at 10°. This angle, according to Monte-Carlo simulation,

Fig. 5. Cherenkov
light propagation in the

provides the best separation between the deuterons and protons at these
momenta.

Note that the efficiency obtained in the off-line analysis depends
on the applied software cut. The Cherenkov counter amplitude is com-
pared with a software threshold and, depending on whether the ampli-

total internal reflection

counters. With a
proper inclination an-
gle the light from

a deuteron leaves the

counter, while part of
the light caused by a
proton is detected in a
photomultiplier

tude is above or below this threshold, the event is classified as «signal
is present» or «no signal». For protons the lower the threshold, the
higher the efficiency, but simultaneously the efficiency for deuterons
increases and the proton/deuteron separation becomes worse. For this
reason the threshold is chosen as a reasonable compromise between
efficiency and separation capability. The events of the type «signal is present», which include
background protons as well as misidentified deuterons, are rejected in the analysis of the
experimental data.

The dependence of the proton detection efficiency on the momentum measured with vari-
ous software thresholds Q. for one of the FCH counters is shown in Fig. 6. For each event
the track in the forward detector proportional chambers is reconstructed and the value of
momentum is obtained. The efficiency is defined as the ratio Ngsq,, /N, where Ngsq,,
is the number of entries in the spectrum with an amplitude above the threshold @y, and N
is the total number of entries. The efficiency plateau is reached between 1.5 and 1.8 GeV/c
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and its level varies from 98.6 to 94.8 % for

- Is‘};::;"c‘f‘“l:“:egl':; 15(3:0, 20,10 ch. ADC threshold setting between 2 and 30 ADC
> | | Average Cindf=5/42-4) ] channels, respectively. This efficiency corre-
8 Exp. points sponds to a proton rejection factor from about
%0_8 [ at2ch.cut 70 to 20. The maximum deuteron momen-
s | tum in the process of the w production under
Zo6f Cut level 30 ch. ADC study is 2.3GeV/c, and such deuterons are
3 detected in FCH with the same probability
%0-4 [ Cherenkov ! Cutlevel 2 ch. ADC as protons with 2 momentum of 1.15 GeVi/c.
oot threshold | Hence, the efficiency to detect deuterons in

the whole momentum range 1.7 = 2.3 GeV/c
. L is estimated from Fig. 6 to be < 10 %. These
0 0.5 1 1.5 2 2.5 3

deuterons with an amplitude above the thresh-
old are treated as protons and rejected.

The obtained results show that the
Cherenkov counters of the forward detector
provide a significant suppression of protons
at rather small deuteron losses.

Proton momentum, GeV/c

Fig. 6. Proton detection efficiency as a function of
the momentum for various values of the software

thresholds

CONCLUSION

The performance of the scintillation and Cherenkov hodoscopes of the forward detec-
tor meets the requirements of the experiments at ANKE. The developed procedure for the
hodoscope data analysis provides the particle identification and the event selection of the
processes under study.
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IIPABHUJIA OPOPMJIEHHSA ABTOPCKOI'O OPUTHHAJIA CTATBHU
B 2KYPHAJI «IIHCBMA B DHAS»

1. Opueunan cmameu NpefOCTaBIAETCA aBTOPOM B ABYX 3k3eMIiLspax. Heo6xonumo npeno-
CTaBHUTh IMCKETY C TEKCTOBBIM Gaiisiom B popmare LaTex-2e (He caexyeT BBOOHTL CBOH Makpo-
KOMaHAsl) ¥ ¢aHIaMu pHUCYHKOB, TabnMu, MOAPHUCYHOUHbIX moanHced. OpHUrMHaN JODKeH
BKJIHOYATh BCE HEOOXOAUMBIE INEMEHTHI CTAThH, HMETh CKBO3HYIO HYMEPALHIO CTPaHHUL[ U ObITh
HOAITHCAH BCEMH aBTOPAaMH.

2. Ha nepsoii cmpanuye cratby yKasplBaeTcs naaekc Y/JK, Ha3BaHHe CTaTbH, MHULHAIIBL U
(haMuMK aBTOPOB Ha ABYX A3bIKaX (PYCCKOM M aHTIMHCKOM), MECTO paboThI.

3aTeMm cnenyer annomayus Ha PycCKOM M aHITIMHCKOM fA3bIKaX, BKIIOYAIOLLAS XapaKTepu-
CTHKY OCHOBHO#A TEMbI, Le/IH padoThl 1 €€ pe3yJsTaThl. B aHHOTALMH yKa3bIBAIOT, YTO HOBOTO
HeceT B cebe AaHHas CTaThd. AHHOTAUHUA A0/KHA ObITh KpaTKoOH, 5—8 CTpok.

3. B ¢hopmynax Bce GyKBbI IaTUHCKOTO allpaBuTa, 0603HaYaOLIME PUIMUECKHE BEIHUHHDI,
HaOMparoT CBETIILIM KyPCHBHBIM wWpudToM (£, ¥V, m u Ap.). BekTops! ciienyeT HabupaTh NpaMbIM
NOYXXUPHBIM LpUTOM, O3 CTPETIOK CBEPXY.

[IpudToM npsMoro cBeTioro HauepTaHusa HabuparoT cledytoLue 0603Ha4EHNA: YMCeI No-
no6us (Ar, Re u ap.); dbyHkuuii (sin, arcsin, sh 1 ap.); yCIOBHBIX MATEMATHUYECKHX COKpPALLeHH

(max, min, opt, const, idem, lim, lg, In, log, det, exp) u ap.

JlaTunckue OyxkBel B MHIEKcaX HAOHPArOT CTPOYHBIM KYPCHBOM, KPOME COKpalleHHid, B
TOM uHciie W OT damumuii (Mx HabuparoT wpudTom npamoro HauepTauus): f,.., G, Gyy,
A or(2,B), x ., BykBbl pycckoro and)aBiTa B HHAEKCAX HCIONB3YIOT, KOTAA OTCYTCTBYIOT CTaH-
JAPTH30BAHHBIE MEXYHaPOAHbIE MHAEKCDH], H HaOUPalOT CTPOYHBIM IIPKGTOM MPAMOro Hayep-
Tanust: U , — (asHoe HanpshKeHHe; P, ~— MOILHOCTb BO30YKACHHUS.

CHMBOJIBI XMMHYECKHX 3JIEMEHTOB HaOMPaIOT LIPHQTOM MPAMOrO CBETIOr0 HAYEPTAHHS:
Cl, Fe.

4. Pucyrnxu n0MKHBL ObITh YETKUMH H KadecTBeHHbIMU. JKenatenbHo, 4yTobbl daiin pucyHka
6bu1 ToaroroBied B hopmare .eps (Encapsulated PostScript). He pexomenayetcs npenocras-
JIATE UBETHBIE PUCYHKH. PUCYHKM XOIDKHBI ObITH ORHOTO Maciutaba, HX MakCHMallbHas HUpKHHA
13,5 cM, MakcuManbHas seicota 19,5 cM (¢ yderoM noanuc). Pasmeps! HEGONBUIMX PUCYHKOB
HE J0JDXKHBI NIPEBLILIATL 7 CM 110 LUHPHHE.

He caeayet 3arpomoxaate pUCYHOK HEHYXKHBIMH AETalsMH: HaAMHCH BBIHOCATCA B HOM-
IHCh, @ Ha pUCYHKe 3aMeHATca apabckuMy uudpaMm unu 6yksamu. Eciiu pucyHok npenocras-
JIeH Ha OTAEILHOM JIUCTE, TO HEOOXOMMO yKa3aTh GaMUIIAK aBTOPOB, Ha3BaHHE CTATbH 1 HOMEp
PHCYHKa.

5. Bubnuozpagpuueckue ccolaku IPUBOAAT B KOHLE CTaTbH B [IOPSIKE X YIIOMHHAHHS B TEK-
cre nox pyopukoit «Cnucok nuTepatyphi». CCblIkd Ha Heony6/MKoBaHHbIE paboTEI He fomyc-
Karotcsa. Huxe cneaytor mpuMepbl 0popMIIEHHS:



* KHHIH:
Koxopesa JI. B. TlpoextupoBaHue 6ankos aanHeix. M.: Hayka, 1998. 241 c.

* CTaTbU M3 COOpPHHKA;
Boicmpuyrutt B. M. u dp. ViccaeaoBaHue TeMNEpaTrypHOH 3aBHCHMOCTH CKOPOCTH 00pa3zoBaHHs Me-
30M0:1eKy.1 dd|L B razoobpa3nom aelitepud // Mezonsl B Bewectse: Tp. MexayHap. cumno3. JvoHa.
1977. C. 199-205.

* CTaTeil U3 XKYPHAJIOB:
Aganacwes FO. B. u op. JlazepHoe MHHHUMHPOBAHHE TEPMOSEPHOH pEaKUMH B HEOJHOPOAHBIX cepii-
yecknx muweHax // ITucema B XKOTO. 1975. T. 21, Buim. 2. C. 150-155.
Barbashov B. M., Pestov I. B. On Spinor Representations in the Weyl Gauge Theory // Mod. Phys.
Lett. A. 1997. V. 12, No. 26. P. 1957-1968.

* NpenpuHTa U COOBILEHUS:
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Muczychka Al. Yu., Pokotilovski Yu. N., Geltenbort P. Search for an Anomalous Transmission ot Ultra-
cold Neutrons Through Metal Foils. JINR Commun. E3-98-18. Dubna, 1998. 10 p.

Boaee nonpo6ubie npaBuna opopmierHun Bbl HalifeTe Ha CTpaHMule U3AATEAbLCKOTO
otaei1a OUSAHU: wwwl.jinr.ru
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