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ANALYTIC QCD RUNNING COUPLING
WITH FINITE IR BEHAVIOUR
AND UNIVERSAL @;(0) VALUE

D.V.Shirkov, LL.Solovtsov

As is known fom QED, a possible solution to the ghost-pole trouble c:an be obtained by

imposing the Q -analyticity imperative. Here, the pole is compensated by the o nonanalytic
contribution that results in finite coupling renormahzatlon

We apply this idea to QCD and arrive at the Q analytic o (Q). This sc lution corresponds

to perturbation expansion, obeys AF and, due to nonperturbative contributic n, has a regular IR
behaviour. It does not contain any adjustable parameter and has a finite IF. limit o (0) which

depends only on group symmetry factors.
In the one-loop approximation it is equal to 47/, ~ 1.40 and turns ou: to be surprisingly

stable with respect to higher order corrections. On the other hand, the IR be iaviour of our new
analytic solution agrees with recent global low energy experimental estima es of o (Q 2).

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

AHanuTHYecKkas Oerymas KoHcTaHTa caszu KX]I
¢ koneynbiM UK nosenennem
H YHHBepcalbHOe 3HaYeHHe Os(0)

A.B.Hlupxos, H.J1.Conosyos

Kaxk u3sectHo 3 KO]JI, Bo3MoxHOe pelieHHe npobieMbl TPH3pavHOro IJIca MOXeT OBbITh
NOIYYEHO HANOXESHUEM YCIOBHA AHAMUTHYHOCTH no O 2 [Ipu 3TOM MO0 > KOMIIEHCUpYETCS
BBIpaXEHHEM, HCAHATHTHYHAIM N0 O, KOTOpOE NPHBOAUT TaKXe K KOHEYHOI! epeHOPMHPOBKE
3apsga.

Msi Henonbsyeum 3Ty vaeto ans cayvas KX v nonydaeM it o ((2) aHamuTHYECKOE Bblpa-
XeHHe. DTO pellieHHe o01agaeT CBOHCTBOM aCHMIITOTHYECKOH CBOOOIBL, a €00 peryIapHOCTE B
HHpakpacHoi obnacTH o643aHa HemepTypOaTHBHBIM BKi1agaM. OHO HE C( JEPXHT JONOIHH-
TEABHbIX N1APAMETPOB K B UHQPAKPACHON O0AACTH UMEET KOHEYHBIR Tpegen & (0), 3aBucamit
JIHIOb OT CHMMETPHHHBIX aKTOpOB.

B opHomemieBOM NpHOJHXCHHH OH paBeH o (0) = 4w / BO ~ 14C u okxassiBaeTcs
YAMBHTEJIBHO CTAGIWIBHBIM [0 OTHOIIEHHI0 K BHICIIHM IIONpaBKaM (TeM CIMbIM CXEMHO-HMH-
BapHaHTHBIM). [ToyyeHHOEe AHATHTHYECKOE pellEeHHE TaKXe CONIacyeTcd ¢ HeJaBHHUMH HHTET-
PTLHBIMH 9KCIIEPHMEHTATBHEIMH OLIEHKaMH MOBEAeHHs O (Q B HHGpakp: cHOM obnacTH.

PaGora BeinosiHena B JlaGopatopuu Teopernueckoit pusuxku uM.H.H.BoromoGosa OUSIH.
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1. We recall first some results obtained in QED about 40 years ago. The QED effective
coupling E‘(Q 2), being proportional to the transverse dressed photon propagator amplitude,

is an analytic function in the cut complex Q2 plane and satisfies the Killen-Lehmann
spectral representation. The «analytization procedure» elaborated in papers [1,2] consists of
three steps:

1) Find an explicit expression for 0tz AQ 2) in the space-like region by a standard RG

improvement of perturtative input. Continue this expression to the time-like Q 2 domain.

2) Calculate the imaginary part of & O -0 ) on the cut and define the spectral density
pRG(o, o) =Im aRG(— 5, Q).

3) Using the speciral representation with p, - in the integrand, define an analytic
@, (0).

For one-loop massless QED, this procedure produces [2] an explicit expression (see
Eq.(2.6) in Ref.[2] or analogous QCD Egq.(2) below) which has the following properties:

a) It has no ghost pole;

b) Considered as a function of « in the vicinity of the point & = 0 it has an essential
singularity of the exp (- 3n/ o) type;

c) In the vicinity of this singularity for real and positive « it admits an asymptotic
expansion that coincides with usual perturbation theory;

d) It has a finite u traviolet asymptotic limit, 0i(ee, &) = 3%, which does not depend on
the experimentally input value oo ~ 1 /137,

The same proceduie in the two-loop massless QED approximation yielded [2] a more
complicated expression with the same essential features.

2. To use the same techniqué in QCD one has to make two observations. First, since
ES(Q 2) has to be definc:d via a product of propagators and a vertex function, validity of the

spectral representation s not obvious. However, this validity has been established in Ref.[3]
on the basis of analy:ic properties of the vertex diagrams. Second, for QCD with an
arbitrary covariant gauge, the running of the coupling and gauge parameter are intercon-
nected. For simplicity, we assume that the MS scheme is used.

In the following we use the spectral representation in the nonsubtracted form

(Q)
a(Q)___ IIMG_ 1)

0+Q

The usual massles; one-loop RG approximation yields the spectral function

) . (¢}
Pre@ A)=———, I=In—, B,=11-
RG 60(12"‘752) A2

uIN

ng.

Substituting pg(); into spectral representation Eq.(1) we get
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The behaviour of the analytic running coupling cons ant
o) Eq.(2) versus Q at different A values

~1) 2, 1 1 A2 )
aan,s(Q)_B—o— anZ/A2+A2__Q2 ’ 2)

where we have used the QCD scale parameter A. The «analytic» rinning coupling Eq.(2)
has no ghost pole and its limiting value

o(0) = 4n/ B, 3)

does not depend on A being a universal constant which depends on'y on group factors.
We have become accustomed to the idea that theory supplies us with a family of
possible curves for & (Q 2) and one has to choose the «physical one> of them by comparing
with experiment. Here, in Eq.(2) the whole bunch of possible curve:. for &s(Q 2) correspon-
ding to different A have the same limit at Q 2 =0 as shown on the Figure. For ne= 3itis
equal to
o(0) = 4m /9 ~ 1.396. 4)

Another feature of Eq.(2) is the fact that its correct analytic proferties in the IR domain
are provided by a nonperturbative contribution* like exp (— 1/ aBO)

*The connection between «Q 2 analyticity» and «a nonperturbativity» has been discussed in Ref.[4].
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To investigate the stability of the result, Eq.(4), with respect to the next loop correc-
tions, we have considerzsd the two-loop approximation to &S(Q 2) in the form

2 B
—2) 1 27 _n _ 38
a2 = L=In b, = B, =102->"n
RG L+b InL)’ 20 15020 B 3
B()[ 1 n L) A BO
and
2 () —n S
Vor(C, A) = , I=In ,
kG ByR 20 + 12(1) A?
RO=1+b In (NI?+n%), I0)=m+b, arccos —~—21 ~. (5)
l1“+m

The limiting two-loop value (—x‘xz)(O) is also specified only by group factors via BO and
Bl. Surprisingly, this value found by numerical calculation practically coincides. with the
one-loop result. For the MS scheme in a three-loop approximation Zi?)(O) changes by a few
per cent. Thus, the valie '&S(O) is remarkably stable with respect to higher loop corrections

and is practically independent of renormalization scheme.

3. To fix A we use the reference point Mt = 1.78 GeV with Ex(Mtz) =0.33+0.03 [5].
Corresponding solutior s &'§I= l'2‘3)(Q 2) are very close to each other for the interval of
interest Q 2 <10 GeV“. For instance, at Q 2 =10 GeV? we have Ziil)(IO) o~ Ziﬁz)(IO) =
= 0.267, fi?)(lO) = 0.255. Here, again we used n.=3 as the average number of active

f
quarks in the spectral censity. This seems to be reasonable in the IR region.

For a more realistic description of the evolution of &J(Q 2) in the Euclidean region

3 GeV < @ < 100 GeV, one should take into account heavy quark thresholds. Using the
explicitly mass-depend:nt RG formalism [7] developed in the S0’s, a «smooth matching»
algorithm has been devised recently [6]. This can be given to correct analytic properties
while incorporating heiwvy quark thresholds.

The idea that Gx(Q 2) can be frozen at small momentum has been recently discussed in

some papers (see, e.g.. Ref.[8]). There seems to be experimental evidence indicating be-
haviour of this type fo- the QCD coupling. As the appropriate object for comparison with
our theoretical construction we use the average

k
A®) = [ dog (02 m). ©)
0
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«Experimental» estimates for this integral are A(2 GeV)= 3.52 £0.10 GeV [9] and
AQ GeV) =0.57 £ 0.10 GeV [10]. Our one-loop results in case 13q.(2) for A are summari-

zed below for a few reference values of Es(M 12).

EJ(M‘?) 0.34 0.36 - 0.38

A2 GeV) 0.50 0.52 0.55

Note here that a nonperturbative contribution, like the second term in Lh.s. of Eq.(2),
reveals itself even at moderate Q values by «slowing down» the velocity of the as(Q 2)

evolution. For instance, in the vicinity of ¢ and b quark threshclds at Q =3 GeV it con-
tributes about 4% which could be essential for the resolution of tie «discrepancy» between

DIS and z, data for Es(Q 2).

4. We have argued that a regular analytic behaviour for Es(Q 2).in the IR region could

be provided by nonperturbative contributions which can be considered as a sum of powers
of A2/Q2

Probably, our most curious result is the stability of a «long-range intensity of strong
interaction», Es(O), as well as the Es(Q 2) IR behaviour that turrs out to agree reasonably

well with experimental estimates.
*On the other hand, the nonzero ﬁis(O) value evidently contralicts the confinement pro-

perty. To satisfy this, one should have
&s(O) =0

as it has recently been emphasized by Nishijima [11] in the context of the connection
between asymptotic freedom (AF) and color confinement (CC).

It is possible to correlate this type of the IR limiting behaviour with the RG-improved
perturbative input and Q 2—analyticity by inserting a Castillejo-L alitz—Dyson zero into our
solution (see paper [12]). Such a generalyzed analytic soluticn will contain additional
parameters. In this construction there is no evident relation betwisen AF and CC. Here, CC
is provided by nonperturbative contributions.

The authors would like to thank’A.M.B\aldin, A.L.Kataev an] V.A.Rubakov for useful
comments. Financial support of 1.S. by RFBR (grant 96-02-16126-a) is gratefully acknow-
ledged.
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QUARK CONDENSATE IN THE INTERACTING
PION-NUCLEON MEDIUM AT FINITE TEMPERATURE
AND BARYON NUMBER DENSITY '

T.I.Gulamov*

The chiral condensate in the interacting pion-nucleon system,{gq)*, is i1.vestigated at finite
temperature and density. The analysis has been done within the convention:l hadron dynamics
on the base of the Weinberg Lagrangian. At zero temperature and a finite nucleon density the

interaction corrections increase the ratio (gq)" /{qq), at the level of ~ 10%. At finite value of

the temperature, the thermalized pion population tends to commpensate eve this small effect,
so that at high value of the temperature the in-medium chiral condensate be zomes close to that
in the free pion-nucleon gas.

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

KBapKoBblil KOHIeHCAT
BO B3aHMOJeHCTBYIOMEH MHOH-HYKJIOHHOH cpene
TpPH KOHEe4YHOH TeMIeparype H 0apHOHHOM ILUIOTHOCTH

T.H.I'ynamos

Kupanbslit koHnencat{gq)" HCIemyeTcs BO B3aUMONEHCTBYIOLIEH THOE -HYKJIOHHOM cpee
MPH KOHEYHOH TEMIepaType M IUIOTHOCTH GapMOHHOIO 3apsia. AHamu3 O OBEIEH Ha OCHOBE
narpanxHaHa BaiiHOepra. Yuer BiauMoselcrsus npusogut K ciabomy (nmopsmka 10%) yse-

JIMYEHHIO OTHOIIEHHS {gq)" /{4q), npu Hynesoii Temnepatype. OIHAKO NPB KOHEUHOH TeMIle-

patype 5TOT 9¢)(eKT KOMIECHCHPYETCS BCJICACTBHE NMPHCYTCTBHA TEPMATH3( BAHHBIX MHOHOB H
HX B3aHMOICHCTBHSA C HYKJIOHHBIMH MCTOYHHKaMH. IIpH BBICOKHMX TeMmepaT /pax 3Hau¢HHE KH-
PAIbHOTO KOHIEHCATa BO B3IAHMOJCHCTBYIOILEH Cpe/ie MOYTH HE OTIHYAETCA OT €r0 3HAaueHHA B
HACAUTBHOM Tra3e.

PaGota BemmonneHa B JlaGoparopun Teopetnueckoi ¢huzuxu umM.H.H.Boiomo6osa OUSIU.

1. Introduction

The investigation of hadron properties in the hot and dense nu:lear matter is an im-
portant and interesting problem of the modern nuclear physics. Very likely, the effective
hadronic parameters, the mass or decay width, could differ significantly from their values
in the free space, depending on the temperature and density of the environment.

*Physical and Technical Institute of the Uz.A.S., 700084, Tashkeni, Uzbekistan.
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Furthermore, the critica phenomena, such as formation of the quark-gluon plasma and the
chiral symmetry restora:ion, are expected to occur in the extremely hot and dense matter.
One of the modern and widely used methods to study the in-medium effects is the QCD
Sum Rules (QCD SR) [ 1], extended to the case of finite temperature and density [2]. While
being successful in describing the hadron properties in free space, the QCD SR approach is
also believed to be a u:ieful tool for the theoretical investigation of hadron spectra in hot
and dense nuclear mattzr. The reliable way is to describe the medium-nonaffected short-
range dynamics in term; of quark and gluon degrees of freedom, while the long-range and
medium-sensitive dynarnics is described by introducing the temperature- and density-de-

pendent in-medium condensates (gq)°, (G "VG‘W)‘, etc. It has been made, for example, in

Ref.[3], where the authors have evaluated, as input of the Sum Rule, the expectation values
of quark and gluon opeiators taken over the states of the free pion gas at finite temperature.
That scheme is reasonable for the investigation of hadron properties at relatively low tem-
peratures and/or densitic:s, whereas for a highly compressed and heated matter, the free gas
approximation is certairly not relevant. To extend the consideration to higher values of the
temperature and density, it is necessary to evaluate the thermal averages of the QCD opera-
tors in a strongly interacting system.

This problem is not new, in fact. The chiral condensate (gq)* in the hadronic medium
at finite baryon numbe:r density was investigated in Refs.[4]. Another case, the interacting
pion gas at finite tempe rature, was considered in Ref.[5]. In the present work, we study one
more possibility, the in eracting pion-nucleon gas at finite temperature and baryon number
density, and evaluate the thermal average of the operator gqq = uu + dd, using the con-
ventional hadron dynaniics.

II. The Model

According to the Feynman-Hellmann theorem, the in-medium quark condensate is
related to the free eneryy density (thermodynamical potential) Q(T, p)

.3
@q> - amq Q(T’ l»l),

where m, is the current quark mass. This form may be rewritten so as to separate the

vacuum and matter pars:

o9 9 -
@ = o, Q0,0) + 3~ (T, 1) - QO0, 0)) =

q
d
= qq)0 + . AQ(T, p). (3.1)
q

We' shall calculate the quantity AQ(T, p) = Q(T, p) ~ Q(0, 0) within the conventional
hadron dynamics. Therefore, ACQ(T, p) explicitly depends on the effective hadron
parameters (masses anc coupling constants) rather than on the quark mass m,. This means

that to calculate the quark-mass derivative, one should employ the «chain rule» [4]:
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2
9 My 5 om 5 dg g

STt 5 + L
amq amq oM, amq ami amq g,

Neglecting the dependence of the nucleon-meson couplings on he current quark mass, one
can write:

T

o %) 3
= — |AQ'(T,
(99 (qq)0+[0t aMN+°‘ 32 1 (LW =
. T * 1 H
= (24)y + % A (NN) +(xn5A(1t§), : (3.2)

where the symbol A (Q)* stands for a matter contribution to the statistical average (Q)" (so
that A (Q )*—) 0as T—> 0, u — 0), and N(TI) and T, are the nucleon and pion field opera-

tors, respectively. The coefficients o,, _ are defined by

N, T
om?
oM - n -
oy = amq =(Nlggl N), o —-amq =(nl7ql m),

and can be found by using the Gell-Mann—Oakes—Renner (GMOR) relation [6] and the
definition of the nucleon ZN-term [2,3,7]:

N 1 :
Oy=="7 54y O =-7@q,
N 2 0 2 0
fem, S

The final expression of the ratio RTIq = (gq)"/ @q)0 reads:

ZN ar K 1 2\
R. =1-——A{NNY-— A @) (3.3)
qq9 f2 2 2f2 a

o n

To calculate the «matter» parts of the averages (NN )* and (ni)‘, we employ the Weinberg

Lagrangian [8] that successfully combines the chiral symmetry predictions with low-energy
n — N phenomenology [9]. In this paper, we restrict ourselves t) the second order in inter-
action and keep terms up to the third order in hadronic densities and their derivatives. The
relevant piece of the Weinberg Lagrangian is of the type:

Lim=£1+£2+£3,

L N y(n xan)N
2= 4f2
~ 8N

38Mf

N Yy aNnd W (3.4)

While performing the calculations, we neglect antiparticle «tates in the nucleon propa-
gator. In this connection, we use the nonrelativistic reduction of the interaction vertices,
given in the textbook [10].
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II1. Numerical Results and Discussion

For the numerical ccmputation, we use the value of the sigma-term Z, = 46 MeV and

gi/ (4n) = 14.3. Note that the A (NN )" average in (3.3) is the scalar nucleon density, which
in the nonrelativistic limit is reduced to the nucleon number density. Since we treat the
nucleon density p as an independent variable, we replace the A (NN ) by p and concentrate

on the evaluation of the A (1t‘21 ).

Let us first consider the zero temperature limit, when the thermalized pions disappear
and the interaction exhibits itself in the nucleon-nucleon correlations. The diagram giving

b. c.

, .
, o .
] to M
-] ! i ;
. ) (] ' .
. L) +
\ SN H
. N .
. . ~ P

Fig.1. The interaction correc ions contributing to the ratio
(39)" /(q4)y,c- Solid and d:shed lines denote nucleons

and pions, respectively, anc the cross denotes the ope-
rator insertion

1.2 v .
1.0
dos |
o
X
gos6 |
04 |
0.2 : .
0.0 0.5 1.0 15

P/ Po

Fig.2. Density dependence of the ratio (7¢)" /(aq),

the different values of the tenperature. The dotted line is
the ideal gas contribution ard the solid line is the result
of the full calculations

contribution at T = 0 is shown in Fig.1
(a), and represents the gq content of
the exchanged pions. The numerical
result at T=0 is displayed in Fig.2
(upper curves), where the dashed line
represents the ideal gas contribution
and the solid line is the result of the
complete calculation. Our result is in
agreement with that of Ref. [11],
where it was obtained from the cal-
culation of the exchange Fock energy
in the static approximation. Exchan-
ged pions effectively grow the total
in-medium value of the chiral conden-
sate, but this correction is rather small
and at the saturation density p,, it does

not exceed 10% of the ideal gas con-
tribution. A

The result at T = 150 MeV is re-
presented by the lower curves in Fig.2.
It is seen from the figure that at a high
value of temperature the interaction

- effect becomes even more weak.

Recall that the contribution originated
from the thermalized pion population
is regulated mostly by the temperatu-
re. The positive contribution from
diagram (a) is partially compensated
by the contribution of diagrams (b, c),
which is expected from the compa-
rison of £ , and L 3 (3.4). Other terms

originated from the NNRn interaction
L 2 in (3.4) and diagram (d) in Fig.1)
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give a positive contribution, thus effectively increasing the total in-medium content of

(qq)". Despite these terms, the resulting behaviour of the chiral cond:nsate in the interacting
pion-nucleon medium at finite temperature and density is decreasin;; in shape.

We would like to mention the important role of other hadroric degrees of freedom
which are not included into the present consideration. Inclusion of other types of N - N
interaction (e.g., the repulsive vector-meson exchange) might alter the final results, but this
question is beyond the scope of the present paper.

IV. Summary

In summary, we have estimated the chiral condensate (gg)" in the interacting pion-
nucleon matter at finite temperature and baryon number density. Th.e calculations are per-
formed on the base of the conventional hadron dynamics up to the second order in inter-
action and the third order of hadronic densities and their derivatives. At zero temperature
and of a finite nucleon density the interaction corrections sligttly increase the ratio

(qq)" /¢ 4q9), However, at finite temperature this effect is compensa ed by the contribution

originated from the thermalized pions and their interaction with nuclizon sources. This com-
pensation is a consequence of the dynamics, based on the chiral symmetry.

Note that our results might be altered in a more realistic description. Namely, other
light mesons, as well as delta isobars in the baryonic sector, should be included into con-
sidgration within conventional hadron dynamics based on the chira symmetry. Neverthe-
less, relying on the present schematic model we are able to figure out hints for interesting
phenomena originatd from the finite temperature effects.
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Y- n° DISCRIMINATION WITH A SHOWER
MAXIMUM DETECTOR USING NEURAL NETWORKS
FOR THE SOLENOIDAL TRACKER AT RHIC '

G.L.Gogiberidze L R.R.Mekhdiyev2

This paper presents a modern approach to discriminate y — ? particles in the RHIC STAR
shower maximum detector using neural nets. At the initial energy of 30 GeV the rejection

factor, approximately 6, has been obtained for 0.
The investigation has been performed at the Particle Physics Laborator, JINR.

Pacnosznasanne y — 2’8 JeTEKTOpE MAKCHMYMa JIMBHA
s 3KcnepuMenta STAR Ha kosnarinepe RHIC

I'’J1.Tozubepuose, P.P.Mexmuee

C HCcnonp30BaHHEM METOXHKY HEHPOHHBIX ceTel B paMkax naxkera JETNIZT cMogenuposaHo
pasfieNicHHe Y — s AETEKTOpe MaKCHMYMa JiBHA ycTaHOBKH STAR. IIpH  ayaibHOH SHEPIHH

vactHubl 30 5B NOCTHIHYTO IECTHKPATHOE NOdaBIeHHE 7 no oTHomweHMH) K Y-KBaHTaM.

Pa6ora BeinonHena B JlaGopaTopuu cBEpXBHICOKHMX dHepruii OUSIH.

1. Introduction

The application of software neural network for the pattern recognition and triggering
tasks, is well known. Here we have used a standard back propagat on training algorithm
following the JETNET package [1] to study the problem of discriminition between photons
and neutral pions in the shower maximum detector (SMD) for the solenoidal tracker at
RHIC (STAR Project) [2]. This problem is especially difficult at hi;zh energies when two
electromagnetic showers initiated by photons from the 0 decay are overlapped and appear
as a single cluster in the apparatus.

This ivestigation was motivated by the needs of the STAR expzriment for the y and
¥-jet physics, to determine the kinematics of the primary quark-gluon_scattering. On the

other hand, a clean sample of 7%-mesons is important for QCD studic:s.

!Permanent address: Institute of Physics, Georgian Academy of Sciences, GE-380( 77 Thilisi, Georgia, e-mail:
goga@sunse . jinr.dubna.su

2Permanent address: Institute of Physics, Azerbaijan Academy of Sciences, AZ-37( 143 Baku, Azerbaijan,
e-mail: mehdiyev @sunse.jinr.dubna.su
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It is also interesting to investigate the ability of the neural network to distinguish two
particle types, and how this ability depends on the energy of primary particles.

2. Pattern Generat on

A sampling calorimeter constructed of lead and plastic scintillator layers, was chosen
for electromagnetic end-c 1p calorimater (EMCE) in STAR Project [2]. The shower maxi-
mum detector, a part of 13MCE, is placed at a depth of ~ SXO, between two longitudinal

segments of EMCE. Its purpose is to measure centroids and lateral profiles of the showers

to help electrons and gamma quanta to be separated from 0,

To generate patterns for training and testing, 24 strips, 1.0 cm wide, placed in radial
direction, were included t> one tower of the EMCE instead of two active plates of shower
maximum detector. The total width of the tower was about 30 cm. Particles were directed
to the central part of the tower, which is rather large and covers half of the tower. For
practical application we s1ggest that signal can be read out from all strips of the tower as
well as from the strip tha: covers the halves of the neighbouring towers. The edge effects
of the electromagnetic shower development have not been considered here.

In total, 9000 events of each particle type were generated, 3000 — at the energy of 10,
20, and 30 GeV, correspondingly; 2500 of each set of particles were used for training and
500 — for test purposes. These single particle events have been pulled through the detector
using a STAR simulation program which is close to the official version.

SMD was piaced betveen two longitudinal segments of EMCE.

The amount of material in front of the SMD was estimated as follows:

— 8.0 mm aluminum walls of time projection chamber (TPC);

— 12.7 mm aluminuin front plate;

— five layers of EMCE: 5-mm-thick lead absorber plates and 4-mm-thick scintillator
(Polystyrene) tiles; .

— 3.2-mm-thick aluminium box of the shower maximum detector.

The maximum value >f the magnetic field was 0.5 T.

%‘" 200 | ) % a
< e v |~ 200F b o
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£ 150 3 . )
50 fr 50 =
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o )-l . l i L f I i 1 L ) N o 1 1 1 l 1 1 1 I 1 i Il 1
0 0.2 0.4 0.6 0.8 6] 0.2 0.4 0.6 0.8
Ege. (GeV) Eee. (GeV)

Fig.1. The distribution of the total energy deposition in shower maximum detector for y (a) and n°
(b) at 30 GeV
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Fig.4. Profiles of e.m. shower in SMD initiated by 1 GeV (a) and 100 G2V (b) y without (full line)
and with (dotted line) magnetic field of 0.5 T

The distribution of the deposited energy in the SMD for incident y (a) and ° (b),
correspondingly, is presented in Fig.1. It is clearly seen that even for r° there is a non-zero
probability that the deposited energy disappears from the first longitudinal segment of

EMCE.
Let us enumerate possible cases when it is unachievable to resolve two photons from

the ni° decay:

* One of the photons is missed because it is outside the detector acceptance. Figure 2

shows the distribution of energy deposition depending on the distance from the
location of the SMD strip having maximum energy deposi ion.

* One of the photons has a low energy and cannot be disting1 ished from the noise. The

(E1 — E2)

. 0 .
El+ ;0 the ®° decay resulting

curve presented in Fig.3 shows asymmetry R =

in two y-s with energies E1 and E2.
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* One of photons doe; not give a significant energy deposition in the SMD due to

statistic factors (y does not convert before the SMD).

» Effective distance between two photons is small, compared with the transverse size

of the electromagnetic shower.

The last effect strongly depends on the thickness of the matter before the SMD and the
magnetic field which turns irajectories of the charged particles and therefore spreads out the
electromagnetic shower. Figure 4 shows the averaged profiles of the e.m. shower in the
SMD strip layers without (fall line) and with (dotted line) magnetic filed of 0.5 T for y with
incident energy of 1 GeV (1) and 100 GeV (b), correspondingly.

Only these particles which give the energy deposition in the SMD not less than 40%
on the average, are considered further. About 8% of events were rejected using this cut in
the paper.

3. Network Traininyg;

The task to separate y and 7° is reduced to determining the correspondence between
selection of the X, input alues and Y output values whose true meanings are known

beforehand.

Our strategy was not to use sophisticated variables as, for example, in [3] but just the
energy deposition in strip for input nodes. It is significant, that this method can be used not
only for an off-line analysi:, but also for a triggering, of course, with necessary hardware.

The architecture of the network employed in the present study is a conventional one,
i.e., a network of the feed forward type with two hidden layers.

In this paper we do no! intend to determine the best architecture, where the number of
the hidden nodes is considured optimal. We have used two layers of hidden nodes. These
results were obtained with the 24-16-8-1 architecture. The increase of the hidden nodes
number does not improve t1e situation much, but dramatically rises the training time.

Due to the high nuiber of connécted weights in the neural network the principle of
mirror symmetry has been used. We have prepared ordinary and «inverted» patterns with
an equal probability, where strip number i was replaced by strip number 24 — i + 1.

This is done to meet the ordinary requi-

0.3 rements for neural nets: the number of pat-

terns should be more than the number of the
connected weights by 10 times.

The network starts with random weigths,
the training vector (normalized energy depo-
sited in strips) feeds into the network through;
the output vectors 0, (dimensional in our case)

error

0.25

IIIIII

T

i B o

are calculated and compared with target vec-
tor ¢. If the pattern is v, then ¢ is equal to 1, if
o Dol edina i1l pot — s equal to zero. When k events are
0 50 1OOE' 1?\0 220 presented to the network, the weights are
poch number updated by minimization of the summed

Fig.5. Mean square error E vs. epoch number square error E for all patterns k:
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—
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Weights were updated using the Langevin learning procedure which includes the Gaus-
sian noise (0.2 of learning rate in our training). This procedure was repeated every k events.
Our choice was k = 10.



mmm e Ve ey e L

77}
.1

3 .
g r
® o8fF

0.7

0.6

O.S ) I ! F I . | j it 1
0] 100 200 300

Esoch number

Fig.7. Neural network respoise (threshold € =
= (.5) for training (solid line) and testing (dash
line) sets in dependence on th¢ epoch number

Gogiberidze G.L., Mekhdiyev R.R. Y - 7° Discrimination with a Shower

Presentation of the number of patterns
equal to their quantity in the test set accor-
ding to the adopted terminology is called
epoch. The decreasing of a mean square
error during the network training is shown
in Fig.5. For each epoch the percentage of
the correctly classified patterns is computed
by means of threshold € = 0.5, classifying an
input as v, if the output is greater than €, and
as pion — in another case. It must be
emphasized that various € thresholds can be
used for practical purposes. The neural net
recognizes patterns using shapes of energy
deposition in the SMD strips with different
results: (a) well identified; (b) partially
identified and (c) hardly or misidentified 7y

and n° with the incident energy of 30 GeV
(Fig.6).

The increase of netwcrk response (threshold & = 0.5) for training and testing sets in
dependence on the epoch number is presented in Fig.7. The difference illustrates adaptation
of the neural net to the training set. This can be improved by a significant increase of the
training set, but, at present, this way is costly due to CPU time.

4. Results

The set of test events used for checking the neural net response is completely inde-
pendent of the training ev:nt set. Figure 8 presents the distribution of e.m. shower width
for the events initiated by photons and pions of 10 GeV (a) and 30 GeV (b) initial energy.

Shower width is defined as follows: W = % 2 (Rk)2 X Ek for v (solid line) and ° (dashed
k

line), where R, is the distance between the center of the shower and strip number &, E, -

energy deposited in the strip. Using this information we can reject y from 7° for the 10 GeV
initial energy, but for 30 CieV the difference is small. With about 10% of 7 loss, the cut on

the shower transverse size can reject only 45% of .

Figure 9 shows the output signal for showers initiated by y and 7° for the 10 GeV (a)
and 30 GeV (b) initial energy, correspondingly. As is seen, at the initial energy of 30 GeV
the neural network can rej:ct about 66% of 70 with Y losses less than 10%.

To determine a possib lity of improving the neural net response using a complementary
information for 30 GeV events, we have combined the EMCE and the SMD information.
Three ddditional input var ables have been used:

* Maximum energy ir the tower of the first longitudinal part of EMCE divided by the

total energy deposition in this first part;

* The same for the second longitudinal part;
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Fig.9. Neural net output for y (dashed) and n° (solid) of 10 GeV (a) and 30 GeV (b) initial energy

» Total energy deposition in the first longitudinal part is divided by the total energy
deposition in the EMCE.

We have also rejected the events with a small energy value {10% in average) deposited

in the second hidden layer (less than 1% of all events). The 27-20-10-1 architecture and

large number of training epoch (5000) have been used. The discrimination results on

Y- 7° made in the neural net at the initial energy of 30 GeV ate given in Fig.10.

Let us define the rejection factor as the ratio of the number of signal gone through
some conditions — to the number of background events also gone through the same con-
ditions. With losses of y less than 50%, the rejection factor, asproximately 6, for 7° has
been obtained.

In Ref. [3] it is written that with the energy increasing the 1elative efficiency of neural
network algorithm for vy — 0 separation is better, compared with other algorithms. In our
investigation the efficiency of neural network algorithm does not deteriorate with the
energy increase.

It should be also noted, that despite the fact that the use of the information from EMCE
decreases the mean square error as defined in (1) from 0.14 to 0.12, still it does not



24 Gogiberidze G.L., Mekhdiyev R.R. v — n° Discrimination with a Shower

Nev

70

60

50

40

30

llII‘ITTTTIllJl‘lI]’Tl’l[lllll]lllIll

S e t Tl el HI . . b .. poali e [HPSH -
BT N G o SHPL B & A Pt o
E Hia P I LT -

FS] tagadttt il

e i PN o i AT VSO SN AT ORENT ANURTR N i e A

0.1 02 03 04 05 06 07 08 08 1
Neural net output -

|
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drastically improve 7y - n° separation. This can be explained in the spirit of [4]. Let us
y

consider the border patterns;, those where the neural net output is close to the border be-
tween the classes, e.g., is about 0.5. Adaptation of the neural net on the training set happens
due to the number of the border patterns in the training set approximately equal to the

number of connected weigths ~ 103. Additional training of the neural net on these border
patterns (but independent of the initial training set) can improve the situation, but to
generate the patterns requir:s huge CPU time resources.

5. Conclusion

Back propagation neurzl network is a powerful tool to study y and n° separation in the
STAR detector. Training an1 testing were performed with the Monte Carlo data. Results are

presented for «poor» (one layer of strips) SMD choice. Rejection factor against n° equal to
6 at 53% y-efficiency is achieved for the initial particle energies of 30 GeV.
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OFF-SPECULAR NEUTRON REFLECTION
FROM MAGNETIC MEDIA .
WITH NONDIAGONAL REFLECTIVITY MATRICES

D.A.Korneev, V.I.Bodnarchuk, V.K.Ignatovich

The reflection of neutrons from magnetic substances is described using the reflection mat-
rix with nondiagonal, in general, matrix elements which determine neutron spin reverse. In
external field the spin reverse is accompanied by changes of the neutron kinetic energy and
reflection angle. The particular case of reflection from a magnetic mirror with magnetization
noncollinear to the external field is considered. The probability of spir reverse and a deviation
of reflection angles from the specular one are calculated. The experiment to observe this effect
is described and its results are reported.

The investigation has been performed at the Laboratory of Neutro1 Physics, JINR.

He3epxa.mmoe OTPpaXkKecHHE HCl"iTPOHOB OT MarHUTHLIX Cpeld
C HETHArOHAJIbHBIMH MATPHIIAMH OTPAXCHHMA

.A.Kopuees, B.H.Boonapuyx, B.K. Hznamoeuu

OTpaxecHHe HEHTDOHOB OT MATHHTHBIX CpEN ONHCHIBAETCA MitTPHIIEH OTPaXCHHA C
OTVIHYHBIMM OT HYJA, B OOLIEM Cllyyae, HeIHaroHalbHbIMH KOMIIOHEHTaMH, KOTOPBIE ONpeness-
10T BEpPOATHOCTb NEPEBOPOTa CMHHA. BO BHEILIHEM NOJe NepeBOpOT CIIHHA NMPHBOAMT K U3Me-
HEHHIO KHHETHYECKOH HePIHH HEHTPOHA H yIIa oTpaxeHHd. B paboT: paccMaTpuBaercs vac-
THBIH CTy4ail OTpPaXEeHHA OT MaTHHTHOTIO 3€PKala, HAMArHMYEHHOCTH K )TOPOro Hemapaie/ibHa
BHEIIHEMY NOJMo. BerucnseTcs BEpOATHOCTL MEPEBOPOTA CIIMHA U BeJl {YMHA OTKIIOHEHHS yria
OTPaXEHHS OT 3ePKaILHOTO. [IaHO OmHCcaHHe 3KCIEPHMEHTA M €0 Pe3ys bTaToB N0 HaGII0AEHHIO
JaHHOrO athdexTa.

PaGora BrinonHeHa B JlaGoparopuu HeHTpoHHO#H (uznku OHUSIU.

1. Introduction

Since the time of the first works by Hughes and Burgy [1] specular reflection has been
used to polarize neutrons. With polarized neutrons one can investigate, for instance, mag-
netization profiles of films and multiayered systems [2—6]. It wes pointed out [7—13] that
reflection from films with noncollinear magnetic structures is inore complicated than re-
flection from films with collinear ones. In noncollinear case the reflection is characterized
by the reflection matrix:
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A
with nonzero elements R__ and R__. To measure all matrix elements in R is the main goal

of polarized neutron reflect>metry.

In the next section, the: angular characteristics of reflection with spin-flip in external
fields are considered. In thz third section, the matrix elements of R and the intensities of
constituent beams for the :ase of reflection from a magnetic mirror with magnetization
noncollinear to the external field are calculated. In the fourth section, the experiment to
observe the off-specular reflection is described.

2. Angular Splitting of the Reflected Beam

The reflection of neutrons from an interface in an external magnetic field can be. off-
specular (though coherent) if it is accompanied by spin flipping [7,9]. In general, the
incident beam after reflection undergoes triple splitting, as shown in Fig.1. It contains the
middle part which is specilar and two side lobes which are off-specular and perfectly
polanzed The mtensmes o’ the side lobes are determined by the matrix elements R _and

, of the matrix R and by incident beam polarization. If the incident beam is perfectly

polanzed, one of the side lobes vanishes. If the incident beam is nonpolarized, two side
beams in weak external fields have almost equal intensities. The splitting of the beam takes
place because of spin flipping, energy conservation and the conservation of components of
neutron momentum parallel to the interface.

Let us denote k = (k" k l) the wave vector of the incident neutron with the k L kII
being its normal and parallel to the surface components. In the external field B the neutron
has the potential energy — /B, where B is measured in K /2mp (m, | are the neutron mass

Fig.1. Following the reflection from a magnetized mirror with the
magnetizati>n M noncollinear to the external magnetic field B

the nonpol:rized incident neutron beam with a wave vector k;
splits into three beams. Two off-specular beams with the wave

vectors k* zand k™ are ideally polarized. The splitting of the beam
gives the distribution over height & of the reflected neutrons and
it can be m:asured by a moving or a position sensitive detector
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Fig.2. The relative angular splitting of 10 A=6
spin reversed beams in dependence on )
A (in Angstroms) and the external =5
magnetic field for ¢ = 4.2 mrd. The 06 ]
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and magnetic moment, respectively) and G are the Pauli matrices. On spin reverse the
potential energy changes in magnitude by * 2B. Because of enerzy conservation it changes

the kinetic energy: k> = k* + 2B. In the reflection from an interface the components k" ,

are,also conserved. Thus the change of the kinetic energy mean:: the change in the normal

component k : k, — kf = Vki + 2B, and as a result leads to change in the reflection

angle. It is not difficult to calculate the angular deviation of shifted beams. For a small
grazing angle ¢, = 102 + 107 we have

+ AT
% =_ki=\h +2B/i2 - 1 =1+ 147107 322 /02 - 1.
0 1

Here the neutron wavelength A is measured in Angstroms; B, in Gauss; and ®,» in radians.

The dependence of relative splitting A(I)i / ¢, on A and B is shown in Fig.2.

If the external field is sufficiently large, spin reverse is forbidden for A < 0.

A
3. Matrix R

Let us find the solution of the Schrodinger equation in th: presence of the external
magnetic field B and a magnetized reflecting mirror:

(A - uB(z > 0) + oB(z) + k%) y =0, (3.1)

where u is an optical potential of the mirror, which is suppcsed to fill the half space
z>0, 0 is a step function equal to unity when the unequality in its argument is satisfied
and to zero in the opposite case,
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B(z) = B8(z < 0) + B,6(z > 0),

and B, is the magnetic indiiction of the mirror. We consider the case when B, is unparallel

to B,. The solution is: y(r) = exp (ik|| r, ) £(2), where
E(z) = Nz < 0) [exp (i;c\Iz) & + lexp (- i;c\Iz) ﬁéo] +

+8(z < 0) exp (ii”iz) '7\‘&,0, (3.2)

A A A A,
R, T are reflection and trar smission matrices, ki" = Vki +oB, ki" = Vki ~uzoB,and §

is the spinor state of the in:ident particle. For simplicity in the following, we shall omit the
subscript L.
Matchmg of the wave function at the interface z = 0 for arbitrary &0 gives two equa-

tions forRand T A A A A
I+R=T, kK(U-R=
The solution of these equaions can be represented as follows:

A A 1 A A, A A Ay
=k +kDT R -k, T=@t+kHT!

Here we shall consider in detail the matrix R only:
It is possible to get rid of the matrices G in the denominator by representing R in the
form l\_ A, l\+ A, A
=k +k)K -kH/N=A/N, (3.3)

where, N is the number an1 it is useful to calculate it as a matrix element:
AT LA AT Py,
N=& 1K+ bk +k kK +kk71+),
where | £ ) represent the eigen states of the matrix oB,: fBj| +) = + B | +). Evaluation

gives

=K+ kN K +ED) =K =k & = k) sind(/2), (3.4)

where &t = sz o B0 and kKt = \‘k2 -ux B1 are the c-numbers now, and y is the angle

between vectors B0 and Bl. The numerator of (3.2) can be reduced to the form:
. A 2. 2. A AI AI_Af
A=Kk =K kY + Kkt -k K" =
+1- - , — TRPATREY "+ — P ~
=kk —kk +Q,/2)*k +kNWK -k)Y-(1/2) —k_)(kcb1+o'b1k+),

where the first two terms Jo not contain the o matrices at all, and bl is the unit vector in

the dlrectlon of B

Now we are to calculate matrix elements of A

(% Al + Y=k KD F LD 2K - KK+ k) sin®(/2),
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(:Flﬁu):—(k’*—k")k*sinx.

A
In the case of ¥ =0 (and similarly for ¥ = m) the matrix R becomes diagonal with the
elements:
R =(k" —kH/(K'+k%, R =( -k)/( +k).

A
For the general case the final expressions for the matrix elenients of R are:

(k- kD) (kK + kD)
k+k) K +kH

1 (A S YN
R+¥=E -— sy
® k" +kH &+

1
Res=CiRe ¥

sin (x/ 2) ]

AR S YY)

* +E7) K+ &
These formulas are useful to calculate the beam splftting, but the notations are not ap-
propriate for an experiment, because both spin states in the incident beam are characterized

c=1 sin? (. /2). (3.5)

by the same wave vector k' = k™ = k with a given normal component k. Thus, if we con-
sider the splitting of the part of the beam initially polarized along the field, we must replace

k* - B, by &* which means shifting of all & in (3.5) by + B,. Ttus, k* for that part of the

beam becomes, k" = Nik? + 2B , and kKt = \/k2 —ux (B, £ B). For the part of the incident
0 1 0

beam polarized in the opposite direction we must take k* = k and then, =V - 2B, and

KE=VI2— (B, ¥ B).
It is easy to estimate the intensity of reflected beams in the case when the inside field

is strong enough to make kK~ be imaginary, and leave k" to be real. In the first appro-
ximation with respect to B, / k? the denominator can be replaced by 1, and the intensity of
the off-specular beam become proportional to '
K-k 2 YB, sin’ %

R 1P=# siny | = :
o &+ kY K +K) 2u + B))

whers y= |2k/(k+ KM% = 1.

4. Experiment

The experiment was performed at the time-of-flight reflectorieter of polarized neutrons
at the IBR-2 reactor in Dubna.

The sample was a thin anisotropic FeCo film on a glass stbstrate. The external field
was applied either parallel to the anisotropy axis in the film plare (% = 0) or at an angle of
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Fig.4. The wavelength dependence of N R, +
+ N_R_ in the specular direction ¢ = ¢, for =0
and % =76 deg and of |R_,|? for x = 76 deg in

the off-specular direction (A¢ = 0.7 mrd.). a) B =
= 6.3 kGs, b) B =3.2 kGs

0.01 + 7°kGs. The polarizec neutron beam with a wide Maxwellian spectrum was incident
on the film at a grazing angle ¢, = 4.2 mrd. The polarization of the beam P(A) was a

monotonous function decreising from P =0.98 at A = 1.84 to P =0.5 at A = 7A. The de-
tector with a cadmium slit of 0.5 mm width was placed at 2.68 m from the sample. Thus,
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the angular aperture of the detector was 8¢ = 0.18 mrd. To detcrmine the reflection co-
efficients the intensities of the incident and reflected neutrons were measured at different
orientation and magnitudes of the external field B.
For 3 =0 the dependence of N.R_+ N_R_ on the wavelenjth was measured. Here
N j:(7\.) are proportional to the intensities of the incident neutrons with two spin projections
on the external field, and R . are the squares of modules of the rela ed reflection amplitudes.
For i = 76 deg, the angular distributions of the reflected neutrons were measured for

two magnitudes of the external field: 0.2 and 6.3 kGs (Fig.3). In the field H = 6.3 kGs,
off-specular neutrons were observed at ¢ > ¢, To determne the dependence of

A¢ = ¢ — ¢, on lambda the energy range of counted neutrons was “estricted to two intervals
A, and AA, around A, = 2.6A and A, = 3.5A, respectively. The measured ratio of the
magnitudes A9 (A,) and A¢,(A,) (Fig.3b) satisfies the relction AQ,(A))/Ad,(A,) =
=/ ?\.2)2 with the precision better than 5%, and corroborates the quadratic dependence of

A¢ on A. The measurements of Ad at fixed A and different B corrcborate the linear depend-
ence A¢ xB. For the fixed position of the detector at Ap = 0.7 mud and two magnitudes of
the external field: B = 6.3 and 3.2 kGs the spectral dependence of the square modules of
R, , R, _and R__ were measured (Fig.4). The spectral interval of the measurements was
determined by the angular detector aperture ¢ = 0.18 mrd. The probabilities IR + :F(l)lz
were also measured at 8¢ = 1.06 mrd for two magnitudes of th: external magnetic field
(Fig.5). The position and spectral width of the functions R . :F(?») corroborate the expected

theoretical dependence Ad oBAZ. It is evident that measurement of nondiagonal elements

0.20
x=76° Ad=1.06 mrd
R ¢=42md 5¢p=0.18mrd
0.15 —
0.10 —

Fig.5. The dependence of IR +IZ on A for

A¢ = 1.06 mrd and two fields: B = 5.1 kGs, 0.05 —
and B = 3.2 kGs. The shift and broadening
of the spectral interval for the weaker field

corroborate the dependence Ad BAZ. The
bell shaped forms of both spectra are rela-
ted to the small aperture 8¢ = 0.18 mrd of 1
the detector

Wa selength, A
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IR ¢ q:(2.) |2 in a wide spectral interval of A and in the off-specular direction requires detec-
tor with wide angular :perture contrary to the measurement of the sum N R _.(A)+

+ N_R__(M) in the specular direction.

5. Conclusion

The obtained experirnental data demonstrate that the reflectometry in high external
fields (B > 2 kGs) from noncollinear structures with nondiagonal reflection matrices reveals
strong angular dispersion of the reflected neutrons with reversed spins. For the case of
nonpolarized incident beam the observation of this dispersion gives the opportunity to
measure the nondiagonal clements Ri q:(2.) in the off-specular beams and the sum

1/2R, +(2.) + R__(A)) in the specular one. It also gives the opportunity to get information

on the distribution of magnetization in films using nonpolarized neutrons.
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MOLECULAR CYTOGENETICS
OF RADIATION-INDUCED GENE MUTATIONS
IN DROSOPHILA MELANOGASTER

I1.D.Alexandrov, M.V.Alexandrova,
I.L.Lapidus, A.L.Karpovsky

The classical paradigm of spatially unrelated lesions for gene mutatins and chromosomal
exchange breakpoints induced by ionizing radiations in eukaryotic cells v-as re-examined in the
experiments on the mapping of gamma-ray- or neutron-induced breakpcints in and outside of
white (w) and vestigial (vg) genes of Drosophila melanogaster using the: in-situ hybridization
of the large fragments of the genes under study with the polytene chromusomes of the relevant
mutants. The results for the random sample of 60 inversion and trarslocation breakpoints
analysed to date have shown that (i) 50% of them are mapped as the hot spots within big
introns of both the genes, and (ii) 21 of 60 breaks (35%) are located outside of genes. It is
important to note that 26% (16/60) of the breakpoints analysed are flanked by the deletions,
the sizes of which vary from the quarter to a whole of the gene. It was found that the deletions
flank both the inversion and translocation breakpoints and arise more often after action of
neutrons than photons. An unexpectedly high frequency of the multiple-damaged w and vg
mutants that have the gene/point mutation and additional, but separate, chromosome exchange
(the so-called double- or triple-site mutants) has shown that the gene ic danger of ionizing
radiation is higher than usually accepted on the base of single gene/point mutation asses-
sements.

The investigation has been performed at the Department of Radiation Safety and Radiation
Researches, JINR.

MounekynsipHas HTOTeHETHKA
PaIHALMOHHO-HHAYLHPOBAHHBIX TeHHBIX MYTAIIHH
y Drosophila melanogaster

H. /1. Anexcanopos u op.

[Mapagurma x1acCHYECKOH palHALMOHHOH TEHETHKH O Pa3HBIX «MHUIEHAX» I TEHHBIX
MYyTalHid ¥ abeppalliOHHBIX Pa3pLIBOB MPH HAC/IeXyeMbix 0OMEHaX XpOMOCOM B OGUTyueHHBIX
KJETKax BBICUIHX OPraHH3MOB 3KCNIEPHMEHTANILHO MOKa HE O6OCHOBara, MOCKOJIBKY NMPAMOH
aHaJIM3 PacNpele/ieHHs TaKuX Pa3pblBOB BHYTPH H BOKPYr I'eHa IO CHX 10p He ObUI MpoBeneH.
Bocnonuss 3toT mpobesi, MBI MPOBOXHMM Takoil aHAIH3 ¢ MOMOLILK 4€TOZA MOJEKYISPHOM
panuon3oTonHoi ru6puausaunH in situ (RIISH) reHoMHbIx dparvenToB ayx reHos Drosophila
melanogaster (w H vg) ¢ NOMHTEHHBIMH XpPOMOCOMaMM Ha Oosbinoi BeOOpKe raMma- M HEHT-
POH-HHIYLIHPOBAHHBIX MYTAlMH 3THX [EHOB, LIHTOTCHETHYECKH accoU 1HPOBAaHHBIX ¢ HMHBep-
CHOHHBIMH M TPaHCJIOKALIMOHHBIMH pa3pbiBaMH. Pesynbrarsl mis 60 nplaHaTM3MpOBaHHBIX Ha
CErOOHAUIHME IeHb TAKHX Pa3phIBOB MOKA3bIBAIOT, YTO 1) MONOBHHA M3 {HX HAXOOHMTCH BHYTPH
H3YYEHHBIX TEHOB, KJIaCTEPH3YSCh B HX OOMLIINX HHTPOHAX, 2) 35% (21/60) paspriBoB pacro-
JIOXEHBI 32 NPEeRE/IaMH 3THX reHoB M 3) 26,6% (16/60) paspbieoB (uiank UPYROT AesieuuH (NoTe-
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PH) wacTH WIH Bcero reHa. CyLIECTBEHHO, YTO AeJieuHH HaGMIOJaloTCd NpH BCEX H3YYEHHbIX
oOMeHax ¥ BHAaX HUIyYCHMs, HO Yallle rnocie AeHCTBHE HeHTpoHoB. HeoxuaanHo BhiCOKas
yacTota (35%) KOMIUIEKCHBIX MYTaHTOB C TOYKOBOH MYTallHEH IeHa H COMYTCTBYIOLIHM He-
IABHCHMBIM a0EpPaliHOHHEIM OGMEHOM (Tak HA3WBAEMBIC MYTAHTH C ABYX-TPEX-CaTOBLIMH NO-
BPEXACHHAMH Ha NEHO M) M0Ka3LIBAET, YTO NEHETHYECKAN ONMACHOCTh HOHH3HPYIOWMX HATyYeHHH
ropasfio BHILIE, YEM Pi CCUHTHIBAEMAd Ceifuac MO BRIXOMY MPOCTHIX EHHBIX MYyTauUMil.

Pa6ota BhnonHeH:: B Oraene paqHaUHOHHOH 6€30MaCHOCTH H PalHALIHOHHBIX HCCJIEIOBa-
Hui OHSH.

One of the paradigms in the classical radiation genetics claiming that the different and
spatially unrelated «targets» or «sites» of initial damage promote the gene mutation and
chromosomal break-rejoiing in eukaryotic cells irradiated by ionizing radiation [1] has not
been experimentally substantiated since the direct and systematic analysis of breakpoint
distribution in and outside the gene has been not carried out yet. The relationship between
gene mutation and breakpoint observed at times on the cytological level has been treated as
the «position effect» or ¢s the result of gene damage by the same particle that induces the
break in close proximity to the gene [1].

The current version of paradigm that the radiation-induced chromosomal exchange
breakpoints were predominantly located within the moderate repeats of DNA neighbouring
to gene is founded theorctically [2,3] rather than experimentally since the immediate ana-
lysis of the broken repea's and genes has not been performed once again [4].

Thus, the two related and crucial for foundation of paradigm questions as to whether
the chromosomal rearrangiements with the breakpoints located within the gene are the con-
stituents of the spectrum of gene mutations induced by ionizing radiation and, if so, what
are the distribution patterns of breakpoints on the molecular gene maps, remain unresolved
as a matter of fact.

To answer questions, the specfrum of gene mutations induced by gamma-rays (5—

40 Gy) or fission neutrons (2.5—20 Gy) at the white* (w*") and vestigial® (vg*) genes of
Drosophila melanogaster was at first studied by the conventional genetic and cytological
analysis. Using of the genes which are differring from each other in both the fine exone-
introne structure and the location in genome (Fig.1) permits the general and gene specific
features to be ascertained in the action of radiation on the gene level.

According to the data obtained to-date, one of the general conclusions based on the
results for the two genes studied is that the spectrum of gene mutations for any Drosophila
gene damaged by low- or high-LET radiation consists of the three main subclasses:
(i) cytologically point matations, (ii) single- or multi-locus deletions and (iii) exchange
mutations (inversions, traaspositions, translocations) with gene specific phenotype. The last
come to almost the third >f all radiation-induced heritable gene alterations [5,6].

Therefore, the chronosomal exchanges modifying the gene expression are the
important and constant part of spectrum of gene mutations induced by different quality
radiation. What are the di: tribution patterns of the chromosomal breakpoints for the exchan-
ges score?
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Fig.1. A genome (the polytene chromosomes) of Drosophila melanogaster and

localization of w' (X chromosome) and vg+ (2R chromosome) genes (A).
(a) and (b) denote the schemes of the physical maps (in kb = 1000 base pair of
DNA) and the fine exon (black boxes) — intron (broken lin¢s) structures, res-

pectively, for w* (B) and vg* (C) genes

The cytological analysis of the mutant w and vg polytene chromosomes has shown that
each of the genes recombinates to form exchange with the specific sites of its own or
heterogenous chromosome to give rise to the inversions and t-anspositions or the trans-
locations, respectively (Fig.2a,b and Fig.3a,b). However, the second breakpoint of the ex-
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Fig.2. Genomic (a and b) and intragenic (c) localization of the chromosomal exchange breakpoints
underlying the inversions (In’' and translocations (T) induced by gamma-rays (y) or neutrons (n) in
Drosophila sperms and scoreid as the w gene mutations. (a) and (b) denote the schemes of the third
and X polytene chromosomes, respectively. (c) showes the physical map of 6 kb w’ gene and
adjacent regions covered by wh and wf fragments with the relevant EcoRI and BamHI sites, exons
(black boxes) and introns (broken lines). The location of the breakpoint «hotspote» is depicted by
the black arrows. The sizes ot deletions accompanying the breakpoints are shown by the black boxes
below the map. The genomic sites with which the w gene interacts are noted by the thin arrows (for
inversions) or the numbers w th letter in parentheses (for translocations).
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Fig.3. Genomic (a and b) and intragenic (c) localization of the chrom osomal exchange breakpoints
underlying the inversions (In) or transpositions (Tp) and translocations (T) induced by gamma-rays
() or neutrons (n) in Drosophila sperms and scored as the yg gene mutations. (a) and (b) denote the
schemes of the third and second polytene chromosomes, respectively, he «hotspots» on which were
shown by the numbers in parentheses (the amount of independent hits for given site). (c) shows the
physical map of 16 kb vg gene and adjacent regions covered by OR8 and OR2 fragments with the
relevant BamHI and Pstl sites. For all the rest designations see Fig.2

changes was found to be closely associated always with the sites of cytological localization
of the genes under study (3C2.3 band for w", Fig.2b and 49D3 sand for vgt, Fig.3b).

Since such breakpoints are accompanied by the gene-specific phenotypes it may be
presumed, if the classical notions are bearing in mind, that these breaks are lying in close
proximity to the genes and the mutant phenotypes were brought about by «position effect»
or by direct gene lesions accompanying the chromosomal break:.

To detect precisely the position of the breakpoints around the: genes of interest, the state
of gene structures and of their neighbouring sequences was studied by in situ radioactive
isotope hybridization technique (RIISH) [7] and using the sets of gene fragments covering
the genes and adjacent sequences (Fig.2c and Fig.3c). In particular the cloned in pUCI9

distal (L+, 7.5 kb) EcoRI-BamHI and proximal (R *8.0 kb) EamHI-EcoRI fragments of
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genomic DNA covering th: wh gene and the 3.5 kb DNA stretches from each side of this
gene were used for analysi:. of the exchange w mutants, and the cloned in EMBL3 proximal

(ORS8, 16.5 kb) and distal (OR2, 21.5 kb) genomic fragments of the vg+ locus were em-
ployed for analysis of the vg re-arrangements. It is of importance to note that the couples
have got the BamHI sites in common lying in the big introns of the genes (Fig.2c and
Fig.3c). When using these tagged fragments we have suggested that localization of the
whole fragment or its parts visualized as hybridization site at full intensity or labeled sites
at less than half full intensity, respectively, on the mutant polytene chromosome will be
determined by a seat of brcakpoint in or outside the gene.

The data for the 60 w and vg exchanges examined to-date show that 35% (20/60) of
them have the breakpoints ocated outside the genes under study (Fig.2c and Fig.3c). There-
fore, the w and vg phenotyoes for a large proportion of cytologically visible exchanges are
not directly founded by th: breaks and seem to result from the «position effect» or inde-
pendent damage of gene. To choose between these alternative explanations, the relevant
experiments are under way.

A new and important finding is that more large part of the exchanges studied (50%)
have the breakpoints lyin;; inside both the genes since the transferences of any whole
fragment (the breaks are pissing through the big introns near BamHI site) or only unequal
parts of OR2 (the breaks are located in the second big intron of the vg gene) are observed
in such cases.

These results show thzt although the initial (preaberration) lesions were distributed by
a chance through the gene¢ volume only those of them which are situated in the certain
(«target») intron sequence: have a high likelihood to be realized as the chromosomal ex-
change breakpoints. The s udy of the molecular nature of these «targets» is an important
task in hand for our resear:hes. .

Other new and important result of the work performed is that a considerable part
(26.6% or 16/60) of the v and vg exchanges analysed is found to be the mutants the
breakpoints of which are eccompanied with the molecular deletions of varying sizes (7—
38 kb or even more) (Fig.2c and Fig.3c). Thereby, as is seen, all partial deletions are
begining within the big introns also. It is of importance to note too that the deletions
accompany both the inversion and translocation processing independently of quality
radiation, but more frequer tly after action of neutrons.

Thus, the results outlined above enable one to note the following new molecular fea-
tures of exchange processirg in the irradiated eukaryotic cells: (i) the exchange breakpoints
are regularly located with n a gene; (ii) the breaks are clustered within the certain and
relatively short sequences of the big introns, and (iii) almost the third of breaks are flanked
by the molecular deletions the sizes of which vary from 7 to 38 kb (i.e., the whole gene).

Among the others tw> our findings require some comments. Firstly, the exchange
break/deletion combination (each of them are usually independent events) shows that the
radiation-induced chromos)mal exchanges are formed by more complex mechanism than
one based on the genetic tecombination as such [8]. Our data allow the suggestion to be
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made that such exchanges are promoted by the local clustered and recombinogenic damages
over several topologically drawn closer to one another chromat n molecules with subse-
quent mis-rejoining by «illegitimate» recombination either «slippage» or by both the pro-
cessings, simultaneously. The increase of severity of DNA-relat:d damage, for example,
after action of high-LET radiation must rise both the likelihood of deletion formation and
its size that is really observed in the experiments with neutrons (Fig.2c and Fig.3c). The
sequencing of DNA at the exchange breakpoints without the del:tions detected by RIISH
technique should answer the important question as to whether the deletions attend any
radiation-induced break-rejoining processing.

Secondly, the data obtained for the two genes studied show ‘hat exchange breakpoints
are often situated outside the gene and accompanied nevertheless >y gene inactivation. This
inactivation for gene which was transferred to centromeric heterochromatin (euchromatin -—
heterochromatin rejoining) may really result from the «position effect» [9] (it is all our
cases where the genes under study recombinate with the :9, 40, 41, 80 and 81
heterochromatic regions of the polytene chromosomes, Fig.2a,b and Fig.3a,b). However,
this effect is not typical for euchromatin-euchromatin rejoin ng [9]. Therefore, gene
inactivation in such exchanges (all our the rest cases) is obviously broght about by inde-
pendent point (?) damage of gene itself. Thus, the genome of such mutants containes two
(or more) heritable mutations simultaneously (the so-called comglex or double, triple, etc.,
mutants).

_ The property of ionizing radiation to induce such complex mutants proportionally to
dose has been already noted earlier on the base of cytological [10)] and genetical [11] data.
Confirmation of these observations on the molecular level is anotier important result of our
work which has had a great theoretical and applied significance showing that a new
approaches need to assess the genetic risk of ionizing radiation tte genetic danger of which
is proved to be higher than accepted on the base of single gene/point mutation assay.
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