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IDENTIFICATION OF EVENTS WITH A SECONDARY VERTEX 
IN THE EXPERIMENT EXCHARM 

A. Yu.Bonyushkina, V. V.lvanov, Yu.K.Potrebenikov, 
T.B.Progulova, G. T. Tatishvili 

A simple algorithm for identifying events with secondary vertices (signal events) is 
suggested. The differences Rx , RY between the largest and the smallest impact parameters D; 

of the tracks belonging to each of the events analysed are used in establishing the identification 
criteria for signal and background events. An effective JV.ethod for identifying the tracks 
associated with a particular secondary vertex in an event is developed. The method is based 
on the differences between the asymmetries exhibited by the sets D; (or individual signal 

events and background events. The algorithm has been tested using simulated data. 
The investigation has been performed at the Laboratory of Computing Techniques and 

Automation, JINR. 

H!leHTHc)HK3QHJI co6:LITHH CO BTOpWIHOH sepWHHOH 

B 3KcnepuMeHTe 3KCliAPM 

A.IO.EoHIOUI.KUHQ u op. 
llpeJVIaraeTCJI npoCTOH aJJropHTM H,lleHTH!IJHJCai.(HH C06biTHH CO BTOpH'IHOH BepWHHOH 

(curnaJJbHbiX co6biTHii) . .llmi KJiaccH!pHICai.(HH CHiliaJJbHbiX H <jJoHOBbiX co6biTHH ucnOJib3YIOTCJI 
nepeMeHHbie Rx H RY , npe.u:cTaBJIJIIOWHe co6oii pa3HOCTb MeJKJty HaH60JibWHM H HaHMeHbWHM 

3Ha'!eHHJIMH npoMaxoB TpeJCOB D; B XOZ- H YOZ-npoeiCI.IHJIX JVIJI JCaJKJtOro aHaJIH3HpyeMoro 

C06biTHJI. Jl.rrll BbUieJieHHJI TpeJCOB, OTBe'!aiOWHX BTOpH'IHOH BepWHHe, pa3pa60TaH 3<jJ­
cpeiCTHBHbiH MeTO)J;, OCHOBaHHbiH Ha aCHMMeTpHH Bbi6opOIC {D; ). YJCa3aHHble anropHTMbl an-

po6HpOBaHbl Ha MOJJ;eJibHbiX JJ;aHHbiX. 
Pa6oTa BbinOJIHeHa B Tia6opaTOpHH Bbi'IHCJIHTeJibHOH TeXHHICH H aBTOMaTH3ai.(HH QlUJH. 

Introduction 

The experimental set-up EXCHARM is intended for investigation of the production and 
decay mechanisms of charmed particles and for searching for exotic multiquark states at the 
U-70 accelerator in the 50 GeV neutron beam*. As such processes have small cross 
sections, it is necessary to develop fast and efficient algorithms for their identification 
taking into account the specific features of the concrete physical set-up (see, for instance, 

*The construction of the neutron channel at the U-70 and the EX CHARM set-up are described in papers [ 1,2,3]. 



6 Borwshkina A. Yu . et a/. Identification of Events 

Refs. [5,6,7]), and to construct a specialized trigger. permitting classification of detected 
events in the real time o f the experiment [8] . 

A characteristic feat ure of the processes indicated is the presence of primary and secon­
dary (due to the decay of a neutral meson) vertices separated in space. The authors of paper 
[5] make use of the information on track coordinates in passing to the variables D - the 
impact parameter* - and the angle q> between the direction of a track and the beam and 
suggest calculating the moment functions on the basis of the entire sets D. and q> . for an 

I I 

individual event and, then. inputting them to a three-layered perceptron for the discri­
mination of background events . 

This approach with various modifications has shown its efficiency in a number of 
experiments [5,7,9] . But our efforts to implement it in the EXCHARM experiment have 
yielded no positive resu lt (see sec .2) . In the present work, a new algorithm for identifying 
events with secondary vertices is considered. Moreover, a method is suggested which per­
mits singling out the charged particle tracks departing from the secondary vertex. 

I. Experiment · 

The basis of the EXCHARM spectrometer [I ,2,3] is a spectrometric magnet, used for 
analysing the momenta of secondary charged particles. The centre of the gap between the 
poles of the magnet is taken for the origin of «right-handed» Cartesian coordinate system 
(XYZ), with the OZ-axis directed along the beam. and the OY-axis coinciding with the main 
component of the magnetic field . Proportional chambers are used as coordinate detectors to 
register the linear segments of charged particle trajectories before and after the analysing 
magnet. 

Figure I presents (in the XOZ-projection) the layout of the target, of the analysing 
magnet and of those . coordinate d~tectors. which are placed between the target and the 
magnet. 

In developing the algorithms for classifications of signal and background events, data 
obtained with the help of a simulation program SSIMUL were used [4]. The program 
SSIMUL was developed on the basis of the GEANT package [I 0], and it permits simulating 
various physical processes taking place within the EXCHARM set-up during the real 
experiment. With the he lp of thi s program, interactions between the primary neutrons and 
the target nucleons were -;i_mulated, the particles produced were traced through the detectors 
and the known magnetic field taking into account Coulomb scattering, energy losses, etc . 
Secondary unstable part icles were made to decay in accordance with their lifetimes and 
decay probabilities via different channels; the decay particles were also traced through the 
spectrometer. 

The SSIMUL code was used for generating two types of reactions, and the relevant 
information was recorded in two respective files . The first file contained the data for a set 

of 2300 events involvin !! A~ production (signal events) with secondary vertices: only 5-

•The impac l paramcln o f a !rack 111 I he plane pa" in!! lhrou!!h 1he ccnler of the targel and perpendicular to the 
he am . 
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Fig. I. Layout of target M, analysing magnet and coordinate detectors (XOZ-projection). 
Decay scheme of secondary short-lived particle 
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track events were taken into account. The second file contained 2300. background events 
corresponding to reactions without the production of short-lived particles: the number of 
secondary particles was required to exceed 3. 

2. Algorithm for Event Classification 

The algorithm considered here, as well as the one described above [5], is based on the 
coordinate information for the trajectories of secondary particles detected by the set of 
proportional chambers placed in front of analysing magnet. 

Using the parameters of linear tracks, we shall determine the variables D- the impact 
parameter of a track in the plane passing through the centre of the target and perpendicular 
to the beam - and the track angle <p (see Fig. I). In accordance with Ref. [5], we shall 
calculate the moment functions on the basis of the entire set of variables D and <p for each 
individual event, as follows: 

N 

lloz=~ L (D;-Dl. 
i= I 

Here N is the number of tracks in the event, D and (ji are the mean values of D. and <p. [5]. 
I I 

These variables have behaved very well, for instance, in the investigation of processes 

involving the production and decay of B-mesons [5,9] and A0-s [7]. But in our case the 
distributions of the variables 11

02 
and 11

11 
for the background nd signal events are 
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Fig.3. Two-dimensional distributions (cp, D) for typical signal (a) and background (b) events in 
XOZ-projection 

practically indistinguishable (see Fig.2) owing to the large transverse size of the target (its 

radius equals 3 em) and to the neutron beam not being focused. Therefore, we have tried 

to find another approach to the solution of the problem considered. 

Comparison of the background and signal events in cp- D space reveals the impact 
parameters D for all the tracks of a background event to be grouped within a quite narrow 

corridor, while certain individual tracks of the signal event have impact parameters 

differing significantly from the other D values of the set {D. }. Figure 3 presents examples 
I 

of the distributions in cp - D space for typical signal (a) and background (b) events. 
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Thus, to identify events with a secondary vertex we may take advantage of the 

b h . D max d · · D min · h {D } difference etween t e maxtmum, , an mmtmum, , values m t e set i , 

i = 1, ... , N. For the XOZ- and YOZ-projections these values are: 

R =Dmax_Dmin 
X X X ' 

R = D max _ D min. 
y y y 

The complete distributions of the variables R for the background events (empty 
X 

histogram) and for the events involving A +-production (shaded histogram) are presented in 
c 

Fig.4,a. The respective distributions can be seen from the figure to dtffer significantly*. The 
same distributions in the region of small R values are shown in Fig.4b. 

X 

2.1. Classification of Events by a Neural Network. To classify the events in the space 
of the variables R and R a multilayer neural network with a feed-forward architecture from 

X y 

the JETNET3 package [11] was used. A three-layered perceptron comprising two input 
neurons, ten units in the hidden layer and one output neuron was adopted as a working 
model. The random variables R and R transformed to the interval [- 1, 1] were supplied 

X y 

to the input neurons. At the training stage the back-propagation algorithm [ 12] was used 
for minimization of the error functional. 

, 
*Distributions of the random variables Ry have the same character 
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All the events, compnsmg 2300 background events and 2300 events with A+. were 
c 

mixed and divided into two sets with the same number of events. The first set was used for 
training the neural network and the second for estimating the network performance. 

During testing of the network an event was classified by the value of the output signal 
y : if it does not exceed the chosen limit value y , the event is considered to be a 

II 

background event. otherwise it is a signal event. Figure 5a shows the results of the network 

test; the dependence of the distribution function Flv ) = P (y < y ) for events with A+ and 
II r g c 

the dependence I - F(vg) for background events against the chosen threshold are presented 

in Fig.5b. 

For a threshold yg = 0. the fraction of correctly identified events from the mixture was 

90%; in this case, the error of the I st kind (the fraction of background events classified as 
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signal events) amounted to 7%, and the error of the 2nd kind (the fraction of events with 

A+ classified as background events) was 12%. 
c 

3. Identification of Tracks Associated with a Secondary Vertex 

As it was mentioned above, certain individual tracks in the signal events have impact 
parameters, differing significantly from the other D values of the set {Di }. The distri-

butions of the impact parameters D (a) and D (b) for a typical signal event are presented 
X y 

in Fig.6. An analysis of tracks with «falling out» D has revealed such tracks to be 

associated with the decay of a neutral particle (K 0
, A0

, A0
). 

Hence, to single out such tracks we can make use of the asymmetry of the set 
{D., i = 1, ... , N} corresponding to the current event: 

I 

m3 
Gl=~· 

"'Vm~ 
where m2 and m3 are sampling central moments of the distribution considered: 

N 
--:;; 1 ~ ";:\T 

mr = (x-x1 = N "'-' (xk -x1 , r=2, 3. 
k=l 

and N is the number of tracks in the event. 

(1) 

(2) 

In accordance with expressions (1) and (2), the asymmetries of the sets {D~} and 
I 

{D(l (corresponding to the individual event) for projections XOZ (G;) and YOZ (G{) were 

2 2 - ··· 

1.75 
a ) 

1.75 r- ···· ... . . ......... ~.L. 
1.5 1.5 t- ··· 

1.2 5 1.25 r- · ····:··· · · · · · · · ········ · ·-:· ··· · ····· · ···· 

1 t- ··· ···· ····!· ········· ··· ··· ···· 

0 .75 0 .75 1- · 

0.5 0 .5 - ··· 

0 .25 0 .25 - ··· 

0 
- 4 -3 -2 

0 
-1 0 0 2 3 

Fig.6. Distribution of random values D (a) and D (b) for typical event with secondary vertex 
X y 
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Fig.7. Distributions of random values G(' (a) for background (empty histogram) and for events 

with secondary vertex (shaded histogram); distribution of values G(' (b) for events with secondary 

vertex after exclusion of track with the largest G(' absolute value from sample under consideration 

calculated. In Fig.7a, the distributions of asymmetries for the signal (shaded histogram) and 
background (empty histogram) events in the XOZ-projection are presented. It can be seen 
that events with secondary vertices are characterized by a well pronounced asymmetry* . 

The clearly seen difference between these distributions permits us to propose the 
following procedure for identifying tracks associated with a .secondary vertex. 

An asymmetry Gt > 0 indicate!t the distribution has a long «tail» on the right, and in 

this case the track with the largest impact parameter most probably belongs to the secondary 

vertex. If the asymmetry G; < 0, the track associated with the secondary vertex is 

determined by the smallest impact parameter. Therefore, using the G; value one can point 

to the XOZ-projection of the first track belonging to the secondary vertex. 

Applying a similar procedure for analysing the asymmetry G{. we can single out the 

YO.~·projection of the track sought. If the XOZ- and YOZ-projections selected belong to 
different tracks, the problem is solved, and we have two tracks composing the secondary 
vertex. In the opposite case, the D value corresponding to the selected track is excluded 
from the set (D. }, and further analysis is performed on the basis of the cut set (D~ } . 

I I 

The distribution of random variables G; constructed on the basis of the set 1n; } is 
presented in Fig.7b. It can be seen from the figure that after exclusion of the first trac,k the 
character of the indicated distribution did not change, on the whole. In searching for the 

*The distributions of random variables G { have the same character 
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second track associated with the vertex, preference is given to the projection, for which the 
absolute value of asymmetry is larger. 

· In the analysis of 2653 events with A+ the first track of the secondary vertex was • c 

correctly identified in 25 L4 cases; and the second track, in 233 cases. So, tracks were 
identified correctly for 88% of the events. 

Conclusion 

A simple algorithm for identifying events with a secondary vertex is developed. For 
classification of events the variables R and R are used. R and R are the differences 

X y X y 

between the largest and the smallest impact parameters {D. } of tracks in the XOZ- and 
I 

YOZ- projections. Application of a neural network for identification of signal events in the 
space of the indicated variables permits significant suppression of background events. An 
effective method, based on the asymmetries of sets {D. } differing for signal and back-

' 
ground events, is proposed for singling out tracks associated with the secondary vertex. 

The considered algorithms have been tested for simulated data Comparison of the new 
algorithms with algorithms applied at present by the EXCHARM collaboration and their 
tests with real experimental data is of certain interest. 
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O.II.FaBpulllyK, O.M.FoJty6uqKuu, E.H.Fycr,KoB, P.B.EpeMeeB, H.r.KocapeB, 
H.A.Ky3bMUH, M.fP.JluxarteB, A.H.MaKCUMOB, ~.II.MuxaJteB, II.B.HoMOKOHOB, 
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B.H.renrteB 
Hncmumym JlOepHblX uccJteOo8aHuu u JlOepnou 3HepzemuKu EAH, CofjJu.Jl 

X.X.rym6poo, E.KoJt6, M.IlypUlKe 
FCH, ~apMUlmaom, FepMaHU.Jl 

P.Ka.MepMaHc 
YmpexmcKUU YHU8epcumem, Ympexm, roJlJlaHOU.Jl 
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XapbK08CKUU ynu8epcumem, YKpauna 

B.r. CenrtuUluH 
Hncmumym «MonoKpucmaJlJl», XapbKOB, YKpauna 

OnHcaH nyqKOBbiH anpoHHbiH KarropHMeTJl, HcnOJih3yeMbiH s sKcnepHMeHTe W A-98, Haue­

neHHOM Ha HCCJie,!lOBaHHe Pb-Pb-B3aHMO,!leHCTBHH npH 3HepmH Jl,!lep CBHHI.{a B nyqKe 

157,7 · A ThB ~ 32,8 TsB . CneKTpOMeTJl npe.!lHa3HaqeH llJill H3MepeHHJI sHepmH qacTHI.l s 

OMaCTH !flpaiMeHTai.{HH nyqKa. KarropHMeTp COCTOHT H3 35 MO,!lyJieH, HMeiOlUHX nonepeqHOe 

ceqeHHe 15 X 15 CM
2 

H paCnOJIOJKeHHbiX B 5 CJIOeB no 7 MO,!lyJieH B KaJK,!lOM. KaJK,!lblH MO.!lYJib 

CO,!lepJKHT 158 CJIOeB CBHHel.{ - CI.{HHTHJIJIJITOp. TOJIIllHHa CBHHI.{OBOH nnaCTHHKH - 10 MM, 

Cl.lHHTHJIJIJII.lHOHHOH - 2,5 MM. 3<Jxl>eKTHBHaJI llJIHHa KarrOpHMeTpa pasHa 9,4 A-;.1_. Cl.lHH­

THJIJIJITOp H31"0TOBJieH MeTO,!lOM JIHTbJI nO,!l ,!laBJieHHeM H3 rpaeyJIHpoBaH 01"0 nOJIHCTHpOJia C 

ao6asKaMH PTP H PO POP, a TaKJKe CTa6MH3aTopa, noBbiillaiOmero panHai.{HOHHYIO CTOHKOCTb. 

CseToc6op ocymecTBJIJieTCJI c noMOillbiO nosepxHOCTHO oKpameHHoro KYMapHHOM-7 cseTosona 

H3 opraHHqecKOI"O CTeKJia ,!lJIHHOH 2,3 M H TOJilUHHOH 3 MM. 3aryxaHHe CBeTa B CBeTOBO,!le 

KOMneHCHpyeTCJI COOTBeTCTByiOlUHM H3MeHeHHeM TOJilUHHbl KpaCHTeJIJI 110 ,!lJIHHe CBeTOBO,!la. 

TaKHM o6pa30M .!lOCTHmyTa llJIHHa 3aryxaHHll nopll.!lKa 10 M. B uqeCTse !f!oTOYMHOJKHTeJieH 

HCnOJib30BaHbl cJ>3Y -84-3 C HH.!IHBH,!lyaribHbiMH ynpaBJIJieMblMH HCTOqHHKaMH nHTaHHJI Ha 

OCHOBe cnei.{HariH3HpOBaHHOH MHKpOCXeMbl anpecyeMoro l..(All H reHeparopa KoKpo!f!Ta -

YOJITOHa. KarropHMeTp OCHalUeH CBeTO,!lHO,!lHOH H Jia3epHOH CHCTeMaMH MOHHTOpH30BaHHJI H 

CHCTeMOH a6COJIIOTHOH aMnJIHTY.!lHOH npHBJI3KH Ha OCHOBe a - HCTOqHHKa 
239Pu C KpHCTaJIJIOM 
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OpTOaJIIOMHHaTa HTTpHJI 3HepreT1NecKall JaBHCHMOCTb pa3peWeHHJI KaJIOpHMeTpa B "HHTepsane 
3Heprnif OT 40 f38 llO 32,8 T38 onHCbiBaeTCll Q>opM)'llOH (47,6 ± 1,1)%1 £(Th8) $ 
$ ( 1,94 ± 0,20)%. HJMepeHHall BeJJINHHa OTHOWeHHJI e I h pasHa 1,02 ± O,Ql. 

Pa6oTa BbiOOJ!HeHa B na6opaTOpHH BbiCOKHX 3Hepll!H OH51H. 

Zero Degree Calorimeter for CERN W A-98 Experiment 

V.A.Arefiev et al. 

The Zero Degree Calorimeter (ZDC) used in WA-98 CERN experiment is described. The 
goal of the experiment is to study Pb-Pb interactions at the Pb beam energy of 
157.7 · A GeV ~ 32.8 TeV. ZDC is intended to measure the particle energy in the beam 
fragmentation region. ZDC consists of 35 identical modules arranging 7 x 5 matrix. The cross 

dimensions of the module are equal to 15 x 15 cm2
. Each module contains 158 layers of Pb 

and scintillator tiles . The thickness of the Pb tile is I 0 mrn, that of the scintillator tile is 
2.5 mrn. The effective length of the module equals 9.4 ~nt: The scintillator tiles are made of 

granulated polysterene with p-terphenyl and POPOP as the dofants by moulding under high 
pressure method. The scintillator is also doped with special stabilizer to increase its radiation 
hardness. The Wave Length Shifters (WLS) are used for the light collection. The WLS are 
made of lucile with the surface painted with kumarin-7 . The length of WLS is 2.3 m, its 
thickness is 3 mm. To compensate the light absorption the thickness of the painted layer is 
varying along the WLS . Using this method the equivalent light attenuation length is obtained 
equal to about 10 m. FEU-84-3 are used as the PMTs. They have individual remote controlled 
power supplies based on specially developed addressed DAC JC and Cocroft-Walton gener­
ator. ZDC is equipped with the LED and nitrogen laser monitoring systems and absolute 

amplitude calibration system based on 239pu a-source with the yttrium orthoaluminate crystal. 
Energy dependence of calorimeter resolution in the energy region 40 GeV through 32.8 TeV 
is described by formul a (47.6 ± 1.1)% 1 --JE[GeV] $ (1.94 ± 0.20)%. Measured value of the 
e I h ratio is equal to 1.02 ± 0.0 I. 

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

1. Bse.r.eHHe 

nyqKOBbiH anpOHHbiH KariOpHMCT}J (nAK) npeAHaJH3'1CH JJ.JUI HCnOnb3083HIDI B 3KC­

nepHMCHTe· W A-98 [I] Ha cynepnpoTOHHOM CHHxpoTpoHe UEPH (SPS) s Hccne.r.osaHIDJX 

MPO-MepHbJX CTOnKHOBeHHH npH 3Hepnm Mep E = I57,7 ·A f3B. 3KcnepHMeHTaribHasJ 

ycTaHOBKa WA-98 (pHc.I ) pacnono)J(eHa Ha KaHane HI s JananHOM nasHnboHe SPS. Ka­

nopHMeTp ycTaHOBneH Ha OCH ny'IK3 llOA yrnoM 0° Ha paCCTOliHHH 29I6 CM OT 

MHlliCHH H 2588 CM OT M3rHHTa «fOJIH3QJ». nepeA ll}"'KOBbiM KariOpHMeTpOM pacnonO)J(CH 

anpoHHbiH ET-KanopHMeTp , npe.r.HaJHa'leHHbJH Anll H3MepeHHll «nonepe'IHOH» 3HeprHH co-

6biTHll (2], KOTOpblH HMCCT UCHTparibHOe OTBepCTHe pa3MepOM 61 X 23 CM
2 

,!lnll npOXO)J(­

ACHHll nyqKa MCp H BTOpH'IHbiX '13CTHU, neTlllUHX nOA yrnoM, 6nH3KHM K 0°. nAK HMCCT 

nonepe'IHbiC pa3Mcpbl 105 X 75 CM
2 

H nonHOCTbiO nepeKpb183CT anepTypy UCHTparibHOrO 

OTBepcTHll B ET-KanopHMeTpe. OH liBnlleTCll C3MnnHHr-KanopHMeTpOM, T.e. C3HABH'IeM co 

CnOliMH CBHHU3 H CUHHTHn nliTOpa, B KOTOpOM HCnOnb3YCTCll CBCTOC6op C llOMOlUbiO nnOCKO-
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ro CBeTOBOAa-nepeH3JJ)"'aTeml CUHHTHJimii..{HOHHOrO CBeTa, H npeAHaJHalJeH AJISI H3MepeHHSI 

IIOJIHOH :;meprHH KaJKAOH IIa,llalOIUeH lJaCTHUhl Il)"'Ka HJIH lJaCTHU, poJKAeHHbiX B MHUieHH H 

HcnycKaeMbiX non yrnaMH, orpaHHlJeHHbiMH ueHTpaJibHblM oTBepcTHeM B ET-KanopHMeTpe. 

UenhiO aKcnepHMeHTa W A-98 SIBJIS!eTcSI Hccne.uosaHHe aKcTpeMaJibHO B036)')K.!{eHHOH 

IIJIOTHOH Sl,llepHOH MaTepHH, CTeneHH TepMaJIHJaUHH H B03MO:JKHOrO cpa30BOrO nepexona B 

KBapK-rJIIOOHHYIO nJiaJMy. IlAK HCIIOJlbJyeTCSI B W A-98 B KalJeCTBe «TpHrrepHOrO» ,lleTeK­

TOpa KaK AJIS! oroopa C06hiTHH C MHHHMaJibHOH IIOTepeii aHepnm HaJieTaiOI..Uero S!Apa (nepH­

cpepHlJeCKHe B3aHMOAeHCTBHS!), TaK H UeHTpaJibHbiX B3aHMOAeHCTBHH, B KOTOpblX :;meprHS!, 

pemcTpHpyeMaSI B HeM, Mana wm 6nHJKa K HYJIIO. KpoMe aToro, c ero noMOI..UhiO HJMepS!eT­

CSI aHeprHS!, yHOCHMaSI lJaCTHUaMH B HanpaBJieHHH «Bnepen». 

Jlng peUieHHSI aTHX 3a,llalJ KaJIOpHMeTp AOJI:JKeH o6Jia,llaTb CJieA)'IOI..UHMH CBOHCTBaMH: 

I) 6h1Tb crroco6HhiM pa6oTaTh npH JarpyJKax no I 0
6 

S!Aep/c npH aHepmH S!Aep CBHHUa, 

paBHOH EPb ~ I57,7 X 208 = 32,8 TaB; 

2) pa6oTaTb B KalJeCTBe OAHOrO H3 aJieMeHTOB 6biCTporo «TpHr repa» npJ.t AJIHTeJibHOCTH 

BOpOT He 6onee 60 HC; 

3) HMeTb OTHOCHTeJibHOe pa3peUieHHe riO aHepmH B AHanaJOHe aHepmH OT 40 faB AO 

33 TaB Ha yposHe a(E)/E ~ 50%/.VE[faB]. 
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3TH xapaKTepHCTHKH KaJlOpHMeTpa cyiUeCT8eHHO 3a8HCliT OT panHaUHOHHOH CTOHKOCTH 

OnTH'JeCKHX 3JJeMeHT08 KaJIOpHMeTpa, .llJIHTeJJbHOCTH cpopMHp08aHHll C8eT03JJeKTpH'IeCKOro 

cHrnana H cpnyKryauHii noCJJeJlHero. 

2. MollellHpo8aHHe xapaKTepHCTHK KanopHMeTpa 

XapaKTepHCTHKH ny'I K08oro KanopHMeTpa .llJill 3KcnepHMeHTa W A-98 6biJJH oueHeHhl c 

noMOlUhJO MOlleJJHPYJOIUero naKeTa GEANT [3]. PeJynhTaThl MOlleJJHpo8aHHll onHcaHbl 8 

pa6oTe [4], 8 KOTopoii p aJpewaJOIUall cnoco6HOCTb KanopHMeTpa onpelleneHa 8 8Hlle 

O(E)/E=aj..J£(f38] $ b. HaiilleHO, 'ITO a=(49,2± 1,0)%, 8eJJH'IHHa KOHCTaHTbl «b» 
3a8HCHT OT np03pa'IHOCTH C8eT080lla If MeHlleTCll 8 npelleJJax OT 3,15% llO 1 ,89% C 

Y8eJJH'JeHHeM .llJIHHhl npOJp a'IHOCTH C8eT080ll08-nepeHJnyqaTeneii OT 5 M llO 10 M. Pac'JeT­

HOe OTHOWeHHe 8eJJH'JHH CHniaJ108 KaJlOpHMeTpa OT 3JJeKTPOMarnHTHOfO If allpOHHOro 

JJH811eH, o6paJo8aHIIhiX qacTHUaMH c OllHHaK080H 3HeprHeii (e /h), pa8HO 1,02 ± 0,02. 

noKaJauo, 'ITO MaKCHMaJlbHall panHauHOHHall llOJa, KOTOPYJO nonyqaT CUHHTHJlllli­

UHOHHbJe nnaCTHHbl 8 o6n aCTH MaKCHM)'Ma llllepuoro JJH8Hll, COCTa8HT OKOJJO 2,3 Mpa.n. Ja 

120 CYTOK o6ny'leHHll KaJlOpHMeTpa llllpaMH C8HHUa C 3HepmeH OKOJJO 33 T38 If HHTeH-

CH8HOCTbiO 10
6 

llllep C8HHUa Ja UHKJJ pa60Tbl ycKOpHTeJJll. 0pH 3TOM ueHTPaJlhHbiH C8eT0-

80ll-nepeH3liYIJaTellb nony'IHT panHaUHOHHYJO llOJY 8 164 Kpan. TaKall panHaUHOHHall JarpyJ­

Ka OnTH'JeCKHX 3lleMeiiT0 8 MOJKeT CKaJaTbCll Ha 3HepreTH'JeCKOH pa3pewaJOIUeH cnoco6-

HOCTH KaJlOpHMeTpa, 'ITO JJe06XOllHMO YIJHTbl8aTb 8 npouecce 3KCnepHMeHTa Ha OCH08aHHH 

noKaJaHHH CHCTeM KOHTpOllll Ja pa60'IHMH xapaKTepHCTHKaMH KaJlOpHMeTpa. 

bblll H3roTOBJJeH npOTOTHn MO.UYJJll KanOpHMeTpa H3 80 CJJOe8 C8HHeU- CUHHTHJJJiliTOp 

H HJMepeHbl ero xapaKTep HCTHKH ua ny'IKe 1t--MeJOH08 c 3Heprneii 39 f3B Ha cepnyxo8-

CKOM yCKOpHTeJie. 0pJ1 3TOM nOJJY'ieHO OTHOCHTeJJbHOe pa3peweHHe nO 3HeprHH, pa8HOe 

(8, 7 ± I ,0)%, 'ITO uaxo.unTCll 8 xopoweM cornacHH c peJynhTaTaMH Mo.uenHpo8aHHll . 

3. KoucTpyKUHll n HcnonueuHe 

061Uall KOHcpHrypaUHSI If npliHUHn noCTpOeHHll KaJlOpHMeTpa 8bi6paHbl C yqeTOM Tpe-

6o8aliHH 3KcnepHMettTa W A-98, TeopeTH'JeCKHX Hapa6oToK H npaKTH'JeCKH HJroToBJJeHHbiX 

KaJ10pHMeTp08 8 .Upym x 3KCnepHMeHTaX (5], a TaKlKe Ha OCH08e peJyJJbTaT08 MO­

lleJ1Hp08aJJHll H .uamtbiX, n onyqeuJJbiX ua npoTOTHne KanopHMeTpa. 

KanopHMeTp COCTOIIT HJ 35 MOllyJJeH 15 X 15 CM
2 

C 06IUHM Ce'JeHHeM 105 X 75 CM
2 

8 

nJJOCKOCTII, nepneJJ.UHKYJJ SipiiOH HanpaBJJeiiHIO nylJKa 'JaCTHU . .il.nHHa KaJlOpHMeTpa 8.!l0llb 

OCH nyqKa COCTaBJJlleT OKOJIO 9,4 llllepllbiX .llJIHII (A. ). KalK.!lbiH MOllYJJb COCTOHT HJ 158 
mi. 

cnoes nor.11onneJ1b - CUIIIITIJJIJJliTOp. Bb16paHHall KoucpHrypaUHll o6ecne'IH8aeT norno­

menue oKono 99o/c anpo nnoro JliiBIIll B o6beMe KanopuMeTpa npH 3HeprHH nanaJOIUHX 

lJaCTIIU 160 f38/uyl\.JIOII . 
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PHc.2. 06wHii BH.!l n)"'KOBoro a.npoHHoro KanopH eTpa 

Ha pHc.2 noKaJaH o6mHH BH.D: KanopHMeTpa. 35 Mo,n;yneu pac nono:lKeHbi B miTh cnoes 

no ceMb Mo.n;yneu B Ka:lK.D:OM cnoe. C6opKa Mo.n;yneu paJMemeHa a no.n;cTaBKe, noJBOl!stiO­

meu nepeMell{aTb BCIO KOHCTPYKUHIO OTHOCHTenbHO n)"!Ka B ropH30HTaJlbHOM H BepTHKaJlb­

HOM HanpasneHHSIX. ropH30HTaJlbHOe nepeMelL\eHHe B nonepettHOM HanpaBneHHH OTHOCH­

TenbHO n)"!Ka ocymeCTBnsteTCSI no penbCaM C nOMOll{biO ttepBsttJ 0-BHHTOBOrD MeXaHH3Ma, 

npHBO,Il;HMOfO B ,ll;BH:lKeHHe Bp)"!HyiO. llHanaJOH ropH30HTaJlbHOrD epeMell{eHHSI COCTaBnsteT 

±500 MM OTHOCHTenbHO OCH n)"!Ka. B BepTHKaJlbHOM HanpasneHHH KaJJOpHMeTp nepeMema­

eTCSI C nOMOlL\biO tteTbtpex ,ll;OMKpaTOB C 3neKTponpHBO,Il;OM. fipe,n;enbl BepTHKaJlbHOfO nepe­

MelL\eHHSI COCTaBnstiOT ±350 MM OTHOCHTenbHO OCH n)"!Ka. 

KOHCTPYKUHSI Mo,n;ynst KaJJOpHMeTpa nOKaJaHa Ha pHC.3 . finaCTHHbl CBHHUa H CUHHTH~­

nstTOpa H CBeTOBO,D;-nepeHJn)"'aTenb pa3MelL\aiOTCSI B KOpnyce H3 nJ ICTOBOH CTaJlH TOnll{HHOH 

1,4 MM C KpblWKOH H3 TOro :lKe MaTepHana. )l(eCTKOCTb KOHCTPYKUHH npu,n;aiOT WeCTb CTaJlb­

HbiX nnaCTHH TOnlL\HHOH 20 MM, pa3,D;enSIIOll{HX BHYTpeHHHH ofue MO,n;yml Ha nstTb CeKUHH. 

fiepe,D;HSISI H 3a,D;HSISI nnaCTHHbl npHBapeHbl K KOpnycy, BHYTpeHH e nnaCTHHbl KpenstTCSI C 

llOMOlL\biO BHHTOB. 3a,n;HSISI nnaCTHHa HMeeT C'beMHYIO TeKCTOnHTOBYIQ HaKna.n;Ky C 

OTBepCTHeM, ttepe3 KOTOpOe BbiXO,Il;HT UHnHH,Il;pHtteCKast ttaCTb CBeTOBO,D;a. K 3TOH HaKna,D;Ke 

KpenHTCSI CTaJlbHOH KO:lKyX, B KOTOpOM pa3MelL\aeTC.st QJOTOYMHO:lKHTenb C ,n;enHTeneM. 

HanHttHe C'beMHOH HaKna,D;KH nOJBOnsteT npH He06XO,Il;HMOCTH H3Bnettb CBeTOBO,Il; H3 MO,n;ynst 

6eJ paJ6opKH nocne.n;uero . BbtnOnHeHue c'beMHOH HaKna.n;KH HJ HJOnstuHOHHOro MaTepuana 
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Puc.3. Koucrpyx:UHll Mo.uynll nyqKosoro a.upouuoro KaJiopHMeTpa. C.ll - cse­

TOH3JI}"'aiOIUHe .UHO.Ubi; KOB - Ksapuesoe onTH"'ecKoe sonoKuo 

ycTPaH.IIeT aneKTpH'IeCKHH KOHTaKT KO)I(yxa $3Y c KopnycoM Mo.uyn.11, 'ITO noJsonuno 

YMeHhiUHTb cJ>ouosble uaso.UKH ua ano.UHbiH cuman cJ>oTOYMHO)I(HTen.ll. 

Ha nepe.uueif cTanbuoif nnacTHHe HMeJOTC.II .usa oTsepcTH.II. O.uuo H3 nux npe.uuaJuaqe­

uo ,IJ;Jl.ll npHCoe,II;HHeHH.II OnTH'IecKOfO SOJIOKHa Jla3epHOH CHCTeMbl KOHTpOJISJ, .upyroe - ,IJ;JlSJ 

nepeXO,IJ;HOH BTYJIKH C pa3beMOM H CSeTO,IJ;HO,IJ;OM CSeTO,II;HO,IJ;HOH CHCTeMbl KOHTpOJUI. Ha 3a.Il­

ueif CTaJibHOH nnaCTHHe. HMeJOTC.II TpK OTSepCTHSJ - O,IJ;HO ,IJ;Jlll OnTH'IeCKOfO SOJIOKHa H ,IJ;Sa 

,IJ;Jl.ll CBeTO.UHO.UOs. B .usyx SHYTPeHHHX CTaJibHbiX nnaCTHnax HMeJOTCSJ OTBepcTHSJ c pe3h6oif 

,IJ;Jl.ll KpenneHH.SJ C'beMHbiX TaKeJia)I(HbiX pb1M-60JITOB. 3TH OTSepcTHSJ CMel..l.leHbl K npOTHSOnO­

JIO)I(HbiM rpaHSJM MO.UYJISJ, 'ITO ycTPaHSJeT ue)l(enaTenbHble Kone6auHSJ H pacKa'IHSaHHll Mo.uy­

JISJ npH ero nepeMemenHH. 

154 CJIOSJ CSHHeQ - CQHHTHJIJI.IITOp JanOJIHSJJOT 'leTbipe CeKQHH Ka)I(,IJ;Oro MO.UYJISJ. 

TOJII..l.lHHbl nnaCTHH CSHHUa H Cl.IHHTHJIJISJTOpa OTHOC.IITCSJ KaK 4:1, 'ITO o6ecne'IHSaeT non­

HYJO KOMneucaQHIO Ka:IIOpHMeTPa (5] , H paSHbl COOTSeTCTSeHHO 10 MM H 2,5 MM. lJeTblpe 

CJIOSJ COCTaBJI.IIJOT CTaJibHbJe nnaCTHHbl, 'ITO npaKTH'IecKH He BJIHSJeT Ha xapaKTepHCTHKH 

KaJIOpHMeTPa. 1130fHYTaSJ 'l aCTb CSeTOSO,IJ;a-nepeHJJIYlJaTenSJ npOXO,IJ;HT qepe3 nSJT)'IO - nyc­

TYJO ceKQHJO Mo.uynH. CseT H3 Cl.IHHTHJIJISJTOpa nona,naeT s nepeuJJiyqaTenb 6e3 onTH'IecKoro 

KOHTaKTa. 

$oTOYMH0)1(HTeJib C ,IJ;eJIHTeneM noMel..l.leH S ,IJ;Sa KO)I(yXa H3 MSJrKOH CTaJIH, MarHHTHO 

H30JIHposaHHble ,11;pyr OT ,11;pyra naryHHbiMH KOJibQaMH. B Ka'leCTBe ,IJ;OnOJIHHTeJibHOH 3al..l.lHTbl 

$3Y OT MarHHTHbiX noneH HCnOJib30SaH 3KpaH H3 OTO)I()I(eHHOfO nepMaJIJIOSJ, :meKTpH'IeCKH 

H30JIHposaHHbiH OT SHYTPeHHero KO)I(yxa. }lng QeHTpOSKH KOHQa CSeTOSO,IJ;a OTHOCHTeJibHO 

cJ>oTOKaTO,IJ;a HCnOJib3YJOTCSJ KOJibUa H3 neuonnacTa. 
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Huxe npuae~eHbi OCHOBHbie KOHCTPYKTHBHbie xapaKTepucTHK H KarropuMeTpa. 

honepetiHbie paJMepbi 105 x 75 cM2 

TionepetiHrui cerMeHTaJJ,H~ 

06mee KOJIH'IeCTBO CJIOeB 

nOrJIOTHTeJib - CUHHTHJIJI~TOp 8 MO~yne 

8 TOM 'IHCJie: CB~iHeU - CUHHTHJIJI~TOp 

• :lKeJieJO - CUHHTHJIJI~TOp 

TOJIIUHHa CBHHUOBbiX nJiaCTHH 

TonmuHa CUHHTHJIJI~UHOHHbiX nnacTHH 

TonmuHa caeToBo~a-nepeHJJiyqaTeJI~ 

,UnuHa caeToBo~a-nepeHJJiyqaTeJI~ 

,UnuHa aKTHBHOH tiaCTH MO~YJI~ 

TIOJIHrui ~HHa MO~YJI~ 

Bee o~oro MO~JI~ 

06muii sec KarropuMeTpa 

3.1. OnTHtiecKoe C'IHTbiBaHue 

7 X 5 MO~yJieH 

158 

154 

4 

10 MM 

2,5 MM 

3,0 MM 

2,3 MM 

193 CM ( -9 ,4Aint) 

2,6 M 

400 Kr 

14,5 T 
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3HepreTH'IeCKOe pa3peweHHe C3MflJIHHr-KaJIOpHMeTpa cymeCTBeHHO JaBHCHT KaK OT 

cnoco6a BblflOJIHeHH~ OnTH'IeCKOH CHCTeMbl C'IHTbiBaHH~, TaK H OT ee Ka'leCTBa, nputieM 

K~biH 3JieMeHT CHCTeMbl (CUHHTHJIJI~TOp, CBeTOBO~-nepeHJJiyqaTenb, <1>3Y) BHOCHT CBOH 

BKJia,!{ B BeJIH'IHHY pa3peweHH~. TI03TOMY npH COJ~aHHH KaJIOpl i MeTpa OC06oe BHHMaHHe 

y~en~JIOCb Bbi6opy H KatieCTBeHHOMY H3fOTOBJieHHIO K~Oro H3 nepetiHCJieHHbiX 3JieMeH­

TOB. 

3 . 1 . 1. CUHHTHJIJI~TOP 

fJiaBHbiMH Tpe60BaHH~MH K CUHHTHJIJI~UHOHHbiM nJiaCTHHaM 6bUIH O~HOpO~HOCTb CBe­

TOC6opa no flJIOIUa,!{H nJiaCTHHbl H BbiCOKrui p!l,AHaUHOHHrui CTOHKOCTb CUHHTHJIJI~TOpa. ,Un~ 
ynyqweHH~ O~HOpO~HOCTH CBeTOc6opa 6bUIO npHMeHeHO «MaCKHpOBaHHe» CUHHTHJIJI~UHOH­
HbiX nnaCTHH - 6JIH:lKH~~ K CBeTOBO~y tiaCTb nJiaCTHHbl (OKOJIO 1/4 tiaCTH nJiaCTHHbl) 6bUia 

o6epHYTa qepHoH 6YMaroii, a ocTaJibHrui tiaCTb - MeTaJIJIH3HpOBaHHbiM MawnapoM. TaKHM 

cnoco60M Y~aJIOCb ~06HTbC~ O~HOpO~HOCTH CBeTOC6opa CO CUHHTHJIJI~TOpa Ha ypOBHe 98%. 
,Un~ HCCJie~OBaHH~ pa,!{HaJ..I,HOHHOH CTOHKOCTH CUHHTHJIJI~TOpa 6blJIO H3YtJeHO nOBe­

~eHHe 10 o6pa3UOB paJJIH'IHblX CUHHTHJIJI~TOpOB Ha OCHOBe nOJIHCTHpOJia npH o6nyqeHHH 

HX y-KBaHTaMH OT HCTO'IHHKa 
137

Cs C MOIUHOCTbiO ~03bl 260 Kpa.u/'1. liJMepeH~ npO­

BO~HJIHCb ~~ ~OJ 1,3 u 5 Mpa.A. XapaKTepucTHKH o6nyqeHHbiX CUHHTHJIJI~Topoa uccne~o-

BaJIHCb TOKOBbiM MeTO~OM C nOMOIUbiO <X-HCTO'IHHKa 
239Pu C 3Hep rueif <X-tiaCTHU 5,5 M3B. 

B peJyJibTaTe 6biJI Bbi6paH CUHHTHJIJI~TOp, HJrOTOBJieHHblH Ha OCHOBe nOJIHCTHpOJia 

TICM-115 MeTo~oM JIHTb~ no~ ~aBJieHHeM, o6Jia.AaiOIUHH HaHBbiCJ.UeH pa,!{uauuoHHOH CTOH­

KOCTbiO no cpaBHeHHIO C ~pyrHMH [6) . ,Un~ nOBbiWeHH~ p a.AHaJJ,HOHHOH CTOHKOCTH 
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CUHHTHJIJUITOpa 8 ero COCTa8 6bin 88e,[leH CTa6HJJH3aTOp 8 KOJIH'teCT8e I% (7). 8 UeJJOM 

COCTa8 CUHHTHJIJiliTOpa CJJe.UyiOlUHH: 

nCM-11 5 + 1,5%p-terphenyl + 0,03%POPOP + I% CTa6. 

HeO,[lHOpO.UHOCTb C8eTOC6o pa C He06JJytteHHOrO CUHHTHJIJiliTOpa COCTa8JJlleT 2%, CO 

CUHHTHJJJiliTOpa, o6JJytteHHOrO .U030H nopli.UKa 5 Mpa.u- OKOJJO 6%. 

3.1.2. C8eT080.U-ne p eH3JJyttaTeJJb 

llJtll onTHtteCKOH CHCTe Mbl C'tHTbJ8aHHll 6biJIH 8b16paHbl nJJOCKHe C8eT080,[lbl HJ oprcTeK­

JJa C n08epXHOCTHbiM OKpaillH8aHHeM nepeH3JiyttaTeJJeM, T.K. ,[lOCTynHble 8 HaCTOlllUee 8peMll 

nOJJHCTHpOJJbHble 80JIOKHa C nepeH3JiyttaTe.UeM HMeiOT He.UOCTaTO'tHYIO JJ.JIHHY 3aTyxaHHll 

(-I M), KpOMe TOro, 8 CUHHTHJJJJliUHOHHbiX nJJaCTHHaX He06XO.UHMO ,[leJJaTb KaHa8KH JJ.Jlll 

YKJJa,[I.KH 80JJOKHa, '!TO 3Ha<fHTeJJbHO y.uopo:lKaeT npOH380,[1CT80. nnoCKHe C8eT080,[lbl HJ opr­

CTeKJJa C 06'beMHbiM nepeH3JiyttaTeJJeM HMeiOT xy.urny10 pa.uHaUHOHHYIO CTOHKOCTb. 8 Katte­

CTBe nepeH3JiyttaTeJJll 6biJI n pHMeHeH KyMapHH-7 CO cpe.uHeH JJ.JIHHOH 80JJHbl nepeH3JiytteHHll 

OKOJJO 500 HM. 

llJtll Ka)I(,[I.Oro MO.UyJJll KaJJOpHMeTpa HCnOJJb308aJJCll O.UHH nJJOCKHH C8eT080,[1-nepeH3Jiy­

ttaTeJJb pa3MepOM 2300 X 147 X 3 MM
3

, KOTOpblH pacnoJJaraJJCll C O,[I.HOH H3 60K08biX CTOpOH 

MO.UYJill. llJtll yMeHbilleHH ll pa.uHaUHOHHOH 3arpyJKH C8eT080,[108 OHH 6biJIH pa3Me1UeHbl 

CHMMeTPH'tHO OTHOCHTeJJbiiO OCH nyttKa (CM . pHC.2, Ha KOTOpOM nOJJO:lKeHHe C8eT080,[108 

nOKaJaHO :lKHpHbiMH JJHHHl"IMH) . 0.UHH KOHeU C8eT080,[la C80,[1HJICll Ha cpOTOKaTO.U cpOTOYM­

HO:lKHTeJJll MeTO.UOM C80patt H8aHHll 8 HarpeTOM COCTOliHHH. 

C8eT080.U OKparnH8aJJCll nepeH3JiyttaTeneM MeTO.UOM norpY:lKeHHll 8 8epTHKaJJbHOM nono­

:lKeHHH 8 TepMOCTaTHp08aHHYIO 8aHHy, 3anOJJHeHHYIO CnHpT08biM paCT80pOM KyMapHHa-7. 

llJtll KOMneHCaUHH 3aT~aH Hll C8eTa J.t nonytteHHll O.UHOpO.UHOrO OTKJIHKa no JJ.JIHHe MOAYJJll 

TOJilUHHa CJJOll KpaCHTeJJll Ha n08epXHOCTH C8eT080,[la H3MeHl!JJaCb nO 3aKOHy, o6paTHOMY 

JaKOHY OCJJa6JJeHHll CBeTa, '!TO .Ut'lCTHfaJJOCb no.u6opOM CKOpOCTH H3BJJetteHHll CBeTOBO.Ua HJ 

paCTBOpa. OJJaro.uapll 3TOMY 6hlna AOCTHrHyTa 3cpcpeKTHBHal! JJ.JIHHa 3aTyXaHHll C8eTa OKOJJO 

I 0 M. nocne 3aBeprneHHll n pouecca OKpaCKH C8eT080.Ubl nO,[l8epraJJHCb OT:lKHI)'. 

3.2. <l>3Y H 8biCOK 0 80JibTHOe nHTaHHe 

8 KaJJOpHMeTpe npHMe HeH cpOT03JJeKTpOHHbiH YMHO:lKHTeJJb THna <l>3Y-84-3, T .K . OH 

I) Y:lKe 6bJJI HCnbJTaH 80 MHOrHX .upymx KaJJOpHMeTpax; 

2) HMeeT npHeMJJeMyiO K8aHT08YfO tty8CTBHTeJJbHOCTb; 

3) 06JJa.uaeT 60JJbillHM .UHHaMHtteCKHM ,[1Hana30HOM; 

4) ,[I.OnycKaeT pa6oTy CO cpe.UIIHM TOKOM .UO 5 MA H n03TOMY npHrO,[leH JJ.Jlll HCnOJJb30-

BaHHll npH BbiCOKHX Jarpy3Kax; 

5) BbJ.Uep:lKH8aeT 6e3 HaCbllUeHHll 3aC8eTKy C o6paJ08aHHeM ,[10 J06 
cpOT03JJeKTpOHOB; 

6) .UOCTynell, 1103TOMY npe.UOCTaBJJl!JJaCb B03MO:lKHOCTb OT06paTb <l>3Y no MaKCHMaJJb­

HOH KBaiiT080ii 'IY8CT811TeJJ biiOCTII II MHIIHMaJJbiiOii 3a8HCHMOCTH K03cpcpHUHeHTa YCHJJeHHll 

OT 3arpyJKII. 
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PHc.4. EnoK-cxeMa BbiCOKOBOnbTHoro nHTaHHll Cll3Y. HIIH - HCToquuK IlOCTOliHHoro uanpll­

)l(eHHll, HOH - HCToquuK onopuoro uanpll)l(eHHll, DAC ...:_ HC anpecyet.ioro UAII c IlaMliTbiO 
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)ln.sJ flHTaHH.II <1>3Y 6bUJ pa3pa6oTaH nporpaMMHO-ynpaBII.sJeMbiH HCTOqHHK uanp.siXeHH.II, 

B KOTOpOM He06XO.l{HMbie Hanp.si:lKeHH.II AII.II .l{HHO.l{HbiX npOMeXyrKOB <PopMHpyJOTC.II HenO­

cpe,nCTBeHHO ua nnaTe .ne.nHTeJI.sJ, a AII.sJ .nsyx · nocne.nuux .nuuo.nos o6ecneqeuo nHTauue OT 

HCTO'IHHKOB UOCTO.IIHHOro uanp.si:lKeHH.sJ. llpHHUHfl UOCTPOeHH.II HCTO'IHHKa uanp.si:lKeHH.II 

onucau B pa6oTe [8], aero oco6euuocTb JaKJIJO'IaeTc.sJ B npHMeneHHH cneuuanHJHposauuoi-i 

HHTerpanLnoi-i MHKpocxeMLI a.npecyeMoro uu<Ppoauanorosoro n peo6paJoBaTe.n.sJ c Ja­

noMuuauue~ BXO.l{HOro KO,na. JleJIHTe.Jib 06Jia,naeT CJie.l{YJOIUHMH CB HCTBaMH: 

1) KOMflaKTeH, UOTpe6JI.sJeT ManbiH TOK; 

2) nOJBOJI.sJeT nponycKaTb qepeJ <I>3Y cpe.nuui-i TOK .no 5 MA, H no3TOMY npuro.neu AII.II 

pa6oTbi npu JarpyJKax 6onee 106 
.sJ.nep/c ; 

3) o6ecne'IHBaeT CTa6HJibHOCTb Hanp.siXeHH.II OKOJIO 10-4; 
4) ynpaBII.sJJOIUHe CHrHanbi H HHJKOBOJibTHbie Hanp.si:lKeHH.II n o,naJOTC.II ua BCe <1>3Y C 

flOMOIUbiO nOCJie,noBaTeJibHOH MarHCTpanH HJ 10 WHH; 

5) ,neweBIIe CTau.napTHbiX nporpaMMHO-ynpaBII.sJeMbiX HCTO'IHHK OB llHTaHH.II. 

YnpaBII.siJOIUHi-i 6noK ua 256 Kauanos H HHTep<Pei-ic BLmonueu 1 B CTan.napTe KAMAK. 

EnoK-cxeMa BbiCOKOBOJibTuoro nHTaHH.sJ <I>3Y npuse.neua ua puc.4. 

4. CncTeMa tcouTpon.sJ 

Jl;I.11 KOHTPOJI.II CTa6HJibHOCTH xapaKTepHCTHK KanOpHMeTPa n pHMeH.sJeTC.II HeCKOJibKO 

paJJIH'IHbiX CHCTeM. B HX Ja,naqy BXO.l{.IIT KaK npOCTa.sJ nposep Ka pa60TOCI10C06HOCTH 

OT.l{eJibHbiX MO.l{yJieH, TaK H OTCJie:lKHBaHHe HeCTa6HJibHOCTeH, CB.sJJaHHbiX C BpeMeHHbiM 

,npei-i<PoM napaMeTPOB H HX HJMeHeHH.IIMH BCJie.l{CTBHe BOJMO:lKHbiX pa,nHaUHOHHbiX llOBpe:lK­

,neHHH CUHHTHJIJI.IIUHOHHbiX llJiaCTHH H CBeTOBO.l{OB-CMeCHTeJieH cneKTpa. B npouecce KOHT­

pOJI.II HJMep.sieTC.II KaK OTHOCHTe.JibHa.sJ CTa6HJibHOCTb xapaKTepHCTHK, TaK H a6COJIJOTHa.sJ 

KanH6pOBKa 3HepreTH'IeCKOH WKanbi KanOpHMeTpa. 
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4.1. CseTO.IlHO.IlHa ll CHCTeMa KOHTponll 

.[THI Hana.IIKH KanOpHMeTpa H npe.llBapHTenbHOH KanH6pOBKH pa3pa6oTaHa H H3fQTORile­

Ha nporpaMMHO-ynpaRillleMrul CHCTeMa KOHTpOJJll Ha OCHOBe CBeTOHJn}"'aJOlUHX .llHO.IlOB C 

KpacHbiM cneKTpOM HJnyqeHHll. Bee cseTO.IlHO.Ilbi pa3.1leneHbi Ha TPH rpynnbJ. ,llHO.Ilbi nep80H 

H BTOpOH rpynn pa60TaiOT 8 HMnyJJbCHOM pe)I(HMe. CHrHan OT 8HeWHero 3a.llaJOIUero reHe­

paTopa, c!J>opMHp08aHHbi H no .llflHTeJJbHOCTH, pa38eT8JJlleTCll C nOMOlUbiO JJOrH'IeCKOrO pa3-

MHO)I(HTeJJll H nocTynaeT .llfl ll !J>opMHp08aHHll nO aMnJJHTy.lle Ha 8XO.Ilbl 8-KaHanbHbiX reHepa­

TOp08 HMnyJJbC08 TOKa. C !J>opMHp08aHHbJe CHrHanbJ no Ka6eJJJO .llflHHOH 20 M nO.IlaJOTCll Ha 

C8eTO.IlHO.Ilbl, pa3MeiUeHHbJe 8 MO.IlYJJliX . AMnJJHry.lla 8biX0.11HbiX CHrHan08 perynHpyeTCll 

H3MeHeHHeM 8enH'IHHbl o nopHoro Hanpll)l(eHHll, KOTOpoe 3a.llaeTCll 6-KaHanbHbiM UH!J>po­

aHanOr08biM npeo6pa308aTeneM (llAn), 8bmonHeHHbiM 8 CTaH.IlapTe KAMAK. C noMOlUbJO 

cHrnana «JanpeT», no.lla8aeMoro Ha 8XO.Il ynpaRileHHll UAn, pa6oTa CHCTeMbi 6noKHpyeTCll. 

C8eTO.IlHO.Ilbl nep80H rpyn nbl CMOHTHp08aHbl 8 MO.IlYJJliX TaK, 'IT06bi C8eT OT HHX nona.11an 8 

<1>3Y, npOH.Illl '1epe3 8CIO MHHY C8eT080.Ila-npeHJn}"'aTeJJll. C8eTO.IlHO.Ilbl 8TOpOH rpynmi 

pacnoJJaraJOTCll 8 HenoCpe.llCT8eHHOH 6JJH30CTH OT <1>3Y. no H3MeHeHHIO OTHOCHTenbHOro 

nOJJO)I(eHHll aMnnHry.llHbiX cneKTP08 OT HMnyJJbC08 3THX rpynn MO)I(HO CY.IlHTb, 8 ttaCTHOCTH, 

06 H3MeHeHHH np03pa'IHOCTH C8eT080.Ila, KOTOpOe MO)I(eT 6bJTb C8ll3aHO C era pa.IIHaUH­

OHHbiMH no8pe)l(.lleHHliMH . CseTO.IlHOllbi TpeTbeH rpynnbi npe.llHaJHa'laJOTCll .llflll pa6oTbi 8 

pe)I(HMe nOCTOliHHOrO TOKa H MOrnH HCnOJJb308aTbCll .llflll KOMneHCaUHH .llHHaMH'IeCKOrO 

H3MeHeHHll K03!J>!J>HUHeHTa ycHneHHSI <1>3Y, C8ll3aHHOro C 3arpYJKaMH (9] . 

4.2 . Jla3epHall CHCTeMa KOHTpOJJll 

H a6COJJIOTHall aM n JJHTY.IlHall npH8li3Ka 

8 Ka'leCTBe OCH08HO H CHCTeMbl KOHTpOJJll KanOpHMeTpa npHMeHeHa CHCTeMa KOHTpOJJll 

Ha OCH08e HMnyJJbCHOrO na3epa. C nOMOlUbiO 3TOH CHCTeMbl, 80-nep8biX, !J>HKCHpYJOTCll 

KanH6p080'1Hbie K03!J>cflHUHeHTbl nyr"eM yCTaHORileHHll COOT8eTCT8Hll Me)l(.lly nOJJO)I(eHHeM Ha 

3HepreTHtteCKOH WKane KanOpHMeTpa nHK08 OT JJa3epHOro· HMnyJJbCa H OT 'laCTHU nyqKa H, 

80-BTOpbiX, OCylUecTRillleTCll KOHTpOJJb CTa6HJJbHOCTH 8Cero H3MepHTenbHOrO TpaKTa. 

CBeT OT a30THOro JJa3epa C .llflHHOH BOJJHbl H3Jly'laeMOro CBeTa 337 HM nOCTynaeT K 

MO.IlYJJliM KanOpHMeTpa n o K8apUe8biM OnTH'IeCKHM 80JJOKHaM, KOTOpbie 06'be.llHHliiOTCll 8 

.118e rpynnbl. no 80JJOKHaM nep80H rpynnbi C8eT080H HMnyJJbC n0.11aeTCll Ha nep8biH CUHH­

THJJJJliTOp Ka)I(.IIOro MO.IlYJJll, HMHTHpyll C8eT08YJO 8CnbJWKY OT 'laCTHU. lhMeHeHHe nOJJO­

)I(eHHll nHKa OT 3TOH 8CnbiWKH n0380JJlleT cy.llHTb 06 H3MeHeHHliX OnTH'IeCKHX xapaK­

TepHCTHK CUHHTHnJJliTOpa H C8eT080.Ila-nepeHJn}"'aTeJJll . BOJJOKHa 8TOpOH rpynnbl nepe.11a10T 

C8eT HenocpellCTBeHHO Ha !J>oTOKaTO.Ilbl, npH 3TOM JJa3epHbiH C8eT npe.ll8apHTenbHO nepeH3-

nyqaeTCll '1epe3 CUHHTHnJJliTOp, pacnono:lKeHHbiH 8 na3epHOM pacnpe.llenHTene. TaKHM o6pa-

30M KOHTpOJJHpyeTCll CTa6 HJJbHOCTb napaMeTp08 3JJeKTpOHHOrO TpaKTa. 

n~ 6 ·· ·· 239p ,1.,,.11ll a COJJIOTHOH aMnnHTY.IlHOH npH8li3KH HCnOJJb308anCll <X-HCTO'IHHK U C KpHCTan-

JJOM OpTOanJOMHHaTa HTip Hll , KOTOpbiH .11aeT 60JJbWOH C8eT080H 8biXO.Il. (X-HCTO'IHHK 8MeCTe 

C OnTH'IeCKHM 80JJOKHOM OT JJa3epa ycTaHORileH 8 OT.IleJJbHOM KO)I(yxe C <1>3Y H HaXO.IlHTCll 

8He nyqKa 'laCTHU (KOIITp OJJbllbiH MO.IlYJJb). AMnJJHTY.Ilbl JJa3epHoro CHrHana H CHrHan OT 

<X-HCTO'IHHKa KOIITpOJJbii Oro MO.IlYJJll C08MeCTHO C JJa3epHbiMH CHrHanaMH Ka)I(.IIOrO MO.IlYJJll 

HCnOJJb30BanHCb .llflll KOpp eKUIIH K03!J>!J>HUHeHT08 YCHJJeHHll MO.IlyJJeH KanOpHMeTpa 80 8pe­

Mll ua6opa ~m<J>opMauuu . 
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5. Kanu6posKa KanopuMeTpa 

5.I. J13MepeHHB Ha TeCTOBOM ny4Ke 

Docne c6opKH KanopuMeTPa 6bma BbmonHeHa ero npe.nsapuTenbHaB Kanu6posKa cHa­

'lana c noMOll.lbJO cseTo.nuo,nHoii cucTeMbi, a JaTeM Ha TeCTOBOM KaHane XI Jana,nHoro na­

sunboHa SPS . .llnB Kanu6poBKH ucnonbJOBancB cMewaHHbiH llYlfOK OTpuuaTenbHbiX 'laCTHU, 

HJ KOTOporo oT6upanucb 7t--MeJOHbi c :mepruBMH 40, 60 u 70 f3B . KaiwpuMeTp 6bm ycTa­

HosneH Ha no,ncTaBKy, KOTOpaB o6ecne4usana nepeMemeHue B r opuJOHTanbHOM u sepTH­

KanbHOM HanpasneHHliX H ycTaHOBKY Uel-!Tpa Ka)((,II.OrO MO_nynB KanOpHMeTpa OTHOCHTeJlbHO 

ocu nY4Ka c TO'IHOCTbJO ±0, I MM . .llBH)I(eHue no.ncTaBKH ynpasnBnocb 3BM. Dpu Kanu6pos­

Ke ucnonbJOBancB cne.nyromuii JanycK: 

r.D.e sl-3- CUHHTHnnBUHOHHble C4eT4HKH, PCI-2- nponopUHOHanblible KaMepbl, cl-2-

raJOBble 4epeHKOBCKHe C4eT4HKH. C llOMOll.lbiO CUHHTHnnBUHOHHbi X C4eT4HKOB H nponop­

UHOHanbHbiX KaMep Ollpe.ll.eJIBnOCb HanpasneHHe 4aCTHU, a C llOMOll.lbiO 4epeHKOBCKHX C4eT-

4HKOB - ux HMnynbc. Bee 3neMeHTbi KaHana, BKnJO'IaB 4epeHKOBCKHe c4eT4HKH (HJMe­

HeHue .D.asneHHB raJa), TaK)I(e ynpasnBnHCb 3BM. 

Bo speMB Kanu6poBKH ueHTP Ka)((,ll.oro Mo,nynB ycTaHasnusancB no,ocu llYlfKa 7t--MeJo­

HOB. AMnnury.na cumana Ka)((,ll.oro MO.D.ynB ,nnB 3Hepruu 7t--MeJoHoB 40 f3B BbiCTasnsmacb 

B 200-ii KaHan JapB.no-uu¢posoro npeo6pa3oBaTenB (3l.J.D) Tuna L e Croy 2249A no,n6opoM 

HanpB)I(eHHB Ha .D.enHTeJIBX <1>3Y . .llnB TeX Moeyneii, aMnnHTy.D.a B KOTOpblX He COBna,nana C 

200-M KaHanOM 3U.D, npu nocne.D.yromeii o6pa6oTKe sso.nunucb Krum6poB04Hbie Ko3¢¢u-

uueHTbl. Ha puc.5 npuse.D.eHbi Kanu6poB04Hbie cneKTpbl 7t--MeJOH B c 3HeprnBMH 40, 60 u 
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PHc.5. KaJm6poB04Hbie cneKTpbi cHrnanos Ha n)"'Ke nHoHos: a) -Ex = 40 f3B, 6) -Ex= 

=60 f3B, B) -£7[=70 f3B 
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70 f38 . Cne8a Ha6mo.uaJOTCll nHKH OT J..l--Me30H08. 8 pe3yJJbTaTe QJHTHpo8aHHll 3THX cneK­

Tpo8 nonyqeHo 3HepreTH4eCKoe pa3peweHHe KanopHMeTpa cr(E) I E, pa8HOe 9,5%, 8,2% H 

7,8% .llJill 40, 60 H 70 f38 COOT8eTCTBe!HIO . 

5.2. Opoue.uypa 8bi 'I HCJJeHHll 3HeprHH H KaJJH6po804HbiX K03QJQJHUHeT08 

J].JJll 8bi4HCJJeHHll 3HeprnH 8 OAK HcnoJJbJyeTCll cooTHoweHHe 

35 

E = ' [(A. - Ped.) · k . · Las .] · gE, 
,(... I I I I 

i =I 

r.ue A ., Ped. - 3Ha'!eHHll at.tnJJHTY.U H nbe.uecTaJJ08 i-KaHana 3UO; 
I I 

Las. - K03QJQJHUHeiiTbl OTHOCHTeJJbHOH KOppeKUHH yCHJJeHHll QJOTOYMHO)I(HTeJJeH C 
I 

OOMOlUbiO Jla3ep110H CHCTeM bl MOHHTOpHp08aHHll, }"'HTbl8aJOtUeH H3MeHeHHe YCHJJeHHll 8 

OT.UeJJbHbiX MO.UYJJliX C TelJe HHeM 8peMeHH; 

g E - K03QJQJHUHeiiT a6COJIIOTHOH 311epreTH4eCKOH npH8li3KH. 3TOT K03QJQJHUHeHT 

8bllJHCJilleTCll H3 YCJJ08Hll, 'ITO cpe.UHee H3MepeHHOe 3HalJeHHe 3HeprHH O}"'K08biX '!aCTHU 

co8na.uaeT c ee HCTHIIIIbiM J lla'!euueM; 

ki - OTIIOCHTeJJbllble "-aJ1116p0804Hbie K03QJQJHUHeHTbl, KOTOpbie onpe.UeJJliJIHCb nyreM 

06JJy'leHHll Ka)I(JlOfO MOllYJi ll KaJlOpHMeTpa YJKHM MOH03HepreTH'IeCKHM O}"'KOM '!aCTHU. 

nycTb cpelltiee H3Mepe11110e 311a'leHue a~tnJIIITYllbl .llJill MOllY Jill i pa8HO a . = <A . - Ped>, 
I I I 

TOf!la k; = a
18

1 a;, rue a
18

- aMnmny.ua ueHTpaJJbHOro MOllYJJll . 

Ko3cpQJHUHeitTbi Las. o npeueJJliJOTCll H3 cooTHoweHHll 
. I • 

Las. = (Arull(rt•}) I Aru11(t)) . (Aru11(t) I A"m(rej)) 
1 L L a a ' 

' ; 

A
nm(rej) · -

rue L - OTIIOWeHHe aMIJJiliTYll JJa3ep11biX CHfHaJJ08 KOHTpOJJbHOro H 1-ro MOllyJJeH 8 

lla'laJJbHbiH MOMeiiT 8peMell ll; 

A;:m(t) - OTIIOWelllle a~tnJiliTY.U JJa3ep~1biX CHfHaJJ08 KOHTpOJJbHOro H i-ro MO.UyJJeH 8 

TeKylUHH MOMeiiT 8peMellll ; 

Anm(rcf) - a~HIJIIITY.Ua CllriiaJJa <X-IICTO'IHHKa KOIITpOJJbHOfO MO.UYJJll 8 Ha'laJJbHbiH MO­a 

Me liT 11peMe1111; 

Anm(l) - aMilJliiTYlla Cll rtlaJia <X-IICTO'IIIHKa KOIITpOJJbHOfO MO.UYJJll 8 TeKylUHH MOMeHT a 
8peMelllt. 

npu allaJJII3e llllcjJOpM aUIIII c KaJJopmteTpa 8bi411CJiliiOTCll 8eJIH'IHHbl Ped., Las . H gE' 
I I 

KOTOpbie 8MeCTe C 8eJIII'III IJ aM ki 3aiJOCliTCll 8 6a3y llallllbiX . 8 llaJJbHeHWeM 3TH llaHHble 

6epyrcll Will Rhi'IIICJiellllll :llla•Iellllll E JUill Ka:>Klloro KOHKpenJOro co6biTHll. 
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5.3 . flpOCTpaHCTBeHHble xapaKTepHCTHKH KanopHMeTp a 

Ha puc;6a,6 npHBe~eHbl pacnpe~eneHH~ OTKnOHeHHH KOOp~HHaT QeHTpa nHBH~ OT OCH 

KanOpHMeTPa ,IJ.II~ cnyqM, KOr~a ll}"iOK "'aCTHU nona,naeT B cepe~HHY UeHTpanbHOrO MO~yn~ 

KanOpHMeTPa. 
Ha puc.6s npose~eHa KpHBM, xapaKTepHJYIOI.UM TO"'HOCTb HJMepeHH~ npocTpaHCTBeH­

HOro nonO)I{eHH~ MOeyn~ OTHOCHTenbHO OCH nyqKa. KpHBM nonyqeHa CKaHHpOBaHHeM nyq-
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!:: 1200 :s: -6 .. t:t: "' 2 1000 
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· 5 800 1111 -10 :s: 
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_) \ -16 

-5 0 5 - 5 0 5 -16 -16 - 14 - 12 - 10 -6 - 6 - 4 -2 0 !J.X.Y, c .. HawepeHHa$1 KOOp)J.HHaTa , CM 

PHc.6 . Koop.UHHaTHoe pa3peweHHe KanopHMeTpa - OTICJIOHeHHe Koop.UHHaT ueHTpa JIHBHJI oT 

OCH KanOpHMeTpa: a)- X-, 6)- f-KOOp.llHHaTa, B)- TO"'HOCTb H3MepeHHll !lOJIO)I(eHHll MO.IlYJill 

OTHOCHTeJibHO 11Y"'Ka 

PHc.7. llpOCTpaHCTBeHHOe pacnpe.ueneHHe JIHBHll B KanopHMeTpe OT llY"'Ka 7t- -Me30HOB (a) H 

Pb+82 (6) 
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KOM pa3HbiX TO'ICK KaTIOpHMCTpa no OCH X . npSIMrul nHHHSI - HCTHHHOC nonO)I(CHHC Ka­

nopHMeTpa, paJMepHOCTb OCCH KOOpllHHaT - CM. 

Ha pHc.7a npHBOllHTCSJ 3-MepHbJH nnoT, xapaKTepHlYJOIUHH 3HeprOBbJJJ.eneHHe B MOAy-

nSJx KanopHMeTpa MSJ 1t--MeJOHOB c 3Heprneit 70 f3B. BHllHO, 'ITO B ueHTpanbHOM MOllyne 

nornomaeTCSI OKOnO 80% 3HeprHH nY1.fKa 'laCTHU. 

6. 3HepreTH'IeCKoe paJpeweHHe 

6. 1. i1JMepeHHe OT HOWCHHSI e l h 

JlnSJ HJMepeHHSJ OTHow eHHSJ e I h 6Lm HcnonbJOBaH cMewaHHbJH nHoH-3neKTpOHHbJH 

ny'IOK C 3Hepmeif 120 f3 8 . 3neKTpOMarHHTHbiH nHBCHb paJBHBaeTCSI B nepBbiX CnOSJX, no-

3TOMY MSJ npaBHnbHOro HJMepeHHSJ OTHoweHHSJ e I h o'leHb Ba)I(HO HMeTb nHHeHHYJO xapaK­

TepHCTHKY c6opa CBCTa B Ha'laTJbHOH 1.faCTH CBeTOBOlla-nepeHJnY'faTenSJ, TaK KaK HCOAHOpOA­

HOCTb c6opa cseTa MO)I(eT CHnbHO nosnHSJTL Ha JHa'leHHe OTHoweHHSJ e I h. 
Ha pHc.8 noKaJaHbl c n eKTpbl nHOHHoro nY1.fKa c npHMeCLJO 3neKTpOHOB c TaKOH )l(c 

3HeprHeH. Ha pHc .8a BHllCH nHK OT 3neKTpOHOB B UCHTpaTlbHOM MOllyne, pacnonO)I(CHHbiH 

Ha WKaTJC 3Un npasee nHKa OT nHOHOB. Pa3llMCHHC 3THX nHKOB B OllHOM MOAyne CBSJJaHO 

C TCM, 'ITO paJMcpbl 3ncKTp OHHOrD nHBHSI TaKOBbl , 'ITO OH BCCb paJMCIUaeTCSI B OllHOM MOlly­

ne, B TO BpeMSJ KaK nHK OT nHOHOB pacnpe.u.eneH no HCCKOnbKHM COCCAHHM MOJJ.YnSIM 

(pHC.7a). npH CYMMHpOBaHHH 3HeprHH no BCCM MOAynSJM o6a nHKa COBnaAaJOT (pHC.8a) . 
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P11c.8. CneKTpbl nuouuoro nYlJKa c npHMCCbJO 3IJCKTpoHo8 roi-i JKC 3HeprnH: a) - 3Hepro8bl­

nenemre TOIIbKO 8 UCIITp aiJbHOM MOlly.'le . 6) - CYMM3p110C 3HCpi'08blliCIICHHC 80 8CCM Ka­

IIOpiiMCTpc 
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Bhi'HICJieHHOe HJ 3THX cneKTpOB JHa'leHHe OTHOIIIeHH}J ejh COCTaBHJIO 1,02 ± 0,01, 'ITO 

,!(OKaJbiBaeT npaKTH'IeCKH nOJIHyK> KOMneHCaUHIO KaJIOpHMeTpa. 

LlJI}J npouepKH npaBHJibHOCTH 3TOH MeTO,!(HKH Ha UeHTpaJibHbi H MOAYJih KaJIOpHMeTpa, 

Ha KOTOpblH lla,!(aJI nyqOK 'laCTHU, HaBeiiiHBaJiaCb CBHHUOB~ llJiaCTHHa TOJIIUHHOH 10 MM, 

KOTOp~ nOrJIOIUaJia 3JieKTpOHHYIO KOMnOHeHTY nyqKa, npH 3TOM :m eKTpOHHbiH nHK, noKa­

JaHHhiH Ha pHc.8a, npaKTH'IeCKH HC'IeJaJI, a CYMMapHbiH nHK CTaHOBHJIC}J COOTBeTCTBeHHO 

6onee yJKHM . PaJpeiiieHHe KanopHMeTpa npH STOM cocTaBHJIO (5,6 ± 0,4)%. 

6 . 2. 3HepreTH'IeCKa}J JaBHCHMOCTb pa3peiiieHH}J KaJIO p HMeTpa 

LlJill Onpe,!(eJieHHll JaBHCHMOCTH pa3peiiieHHll KaJIOpHMeTpa OT 3HeprnH 'laCTHU 6hlliH 

HCnOJibJOBaHbl ,!(aHHhie, nonyqeHHble KaK Ha TeCTOBOM nyqKe, TaK H Ha KaHane npH o6ny­
'leHHH yCTaHOBKH nyqKaMH nHOHOB H ll,!(ep CBHHUa C 3HeprHliMH 12 0 fsB H 32,8 TsB COOT­

BeTCTBeHHO. CyMMapHbie SHepreTH'IeCKHe cneKTpbi nHOHOB HJo6p iDKeHbi Ha pHc.5 H 8, a 

cneKTP CBHHUOBbiX Mep c SHepmeil 32,8 TsB npHBe,!(eH Ha pHc. 1 1 a. Bee cneKTpbi HMeJOT 

CHMMeTpH4HYIO <}>opMy H XOpOIIIO OnHCbiBaiOTCll pacnpe.!(eJieHHliM faycca, 'ITO ,!(OKaJbiBaeT 

,!(OCTaTO'IHO nOJIHbiH s<}><}>eKT KOMneHCaQHH KaJIOpHMeTpa. 

Ha pHc.9 npe,!(cTaBJieHa JaBHCHMOCTh paJpeiiieHHll KanopHMeTpa oT sHeprHH, KOTop~ 

onHCbiBaeTC}J <}>opMyJIOH 

crE/E = (47,6 ± 1,1)%/"'E[fsB] + (1,94 ± 0,2 0)%. 

l..J:HCJieHHble JHa'leHHll K03<}><}>HUHeHTOB XOpOIIIO COrJiaCyK>TC}J C peJyJihTaTaMH MO­

,!(eJIHpOBaHH}J. 

6.3. BnHliHHe JarpyJKH Ha paJpeiiieHHe KanopHMeTpa 

BnHliHHe JarpyJKH Ha paJpe­

IIIeHHe KaJIOpHMeTpa npOHJIJIIOCTpH­

poBaHO Ha pHc.l 0 . 3.!(ecb noKaJaH 

~HepreTH'IeCKHH cneKTp ny'IKa npo­

TOHOB C 3Heprneif 160 fsB H 

HHTeHCHBHOCTbiO OKOJIO 10
6 

C -I . 

BHAHO, 'ITO HaJIO)I(eHHe JIHBHeil OT 

,!(Byx H 6onee 'laCTHU npHBO,!(HT K 

paCIIIHpeHHIO cneKTpa H OTKJIOHeHHIO 

ero <}>OpMbl OT rayccOBCKOH. <l>HTHpO­

BaHHe ,!(aHHbiX pacnpe,!(eJieHHeM fayc­

Ca no neuoMy Kpa!O cneKTpa .!(aeT ue­

JIH'IHHY cr(E) IE = 0,051, a npH 

<}>HTHpOBaHHH no ero npaBOMY Kpa!O 

nonyqaeM cr(E)/ E = 0,068. Ko­

s<}><}>HuHeHT HaJIO)I(eHHH COCTaBJil!JI 

OKOJIO 10%. 

Pwc.9. 3HeprerwtJecKall JaBHCHMOCTb pa3-
peweHHll KanopHMeTpa 

l 
' J 

J 
j 

0 0,02 0.04 0 .06 0 ,08 0.10 0.12 0 .14 0.16 

E [f3B] ) - 112 
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PH c . ! 0. 8 ,1HJIIIHC 3arpy3KH 11a pa3pCWCIIHC KaiiOpHMCTpa . no OCH X OTJIOJKCHa 

IICJIII'lltlla 311Cp~HII . HLWC.1CHIIOii II nAK 8 Clli1HHU3X WKaJlbl 3Un, no OCH y -
'IUC!10 C06LITIIii 

7 . Pa6oTa KaJJopuM e Tpa ua nyYKe l!llep CBHHUa 

B 3KcnepHMetne W A-98 see pemcTpupyeMbie KanopltMeTpoM 'laCTHUbl nona.naJOT B 

OCIIOBIIOM B OlliHI UCIITpa.JJ bllblii MOllYJlb . 8 UCJlliX llOllaBJleHitll perHCTpaUitlt 'lepeHKOBCKOfO 

1t3JIY'ICIIIISI, B031111KaKlWero B BCWCCTBe CBCTOBO)la-CMeCTHTCJlll ClleKTpa, KaJJOpltMeTp llOBep­

IIYT BOKpyr BepTitKa.JlbiiOii OCII, npOXOlll!Weii Yepe3 UeHTp ero aKTHBHOH 'laCTii TaK, 'ITO yrOJl 

Me)Klly OCbKl ny•IKa II npJJ.OJlbiiOii OCbiO KaJJOpltMeTpa COCTaBJll!CT OKOJlO 1,5°. 8 pa60'ICM 

COCTOllllllll K<UlOpmteTp paCIIOJlOJKCII TaK, 'ITO cepCJllllla UCtiTpaJJbHOrO MOllYJlll CMeWeHa 

OTIIOCIITCJibiiO OCII IIY'IKa II rop113011TaJJbiiOM HanpaBJleJHIH !Ia 50 MM J].Jlll YllaJJCHitll MCCTa 

JlOila.II.aiiiiSI IIY'IKa SlllCp OT CIICTOBOlla- nepeH3JlY'IaTeJlll H yMeHbWCHHll TaKHM o6pa30M 

pa.uHaUIIOIIIIOii 3arpy3KII CIICTOBOllOB. Ha TpCXMepHOH JlllarpaMMC, npHBe)leHHOH Ha pHC .76, 

XOpOWO 81111110 CBSJ:JaiiiiOC C 3TIIM nepepacnpellCJlCIIIIC llOrJJOWCHHOH 3HeprHH Me)Klly UeHT­

pa!lbllbiM II COCClliiiiM C IIII M MOll}.'ISIMII, 6JIItJKaiiWIIMII K OCII llY'IKa. 
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7 .1. HcnoJibJOBaHue KanopuMeTpa AJIH oT6opa co6M1 uif 

,llaHHbie, nonyqaeMble c ITAK, MOrJIU ucnOJib30BaTbCH Jl)IH roopa COObiTUH KaK npu 

aHaJIU3e UH<lJOpMauUU «off-line», TaK U B peaJibHOM BpeMeHU. ,ll;IH :noro aHOAfible CUiliaJibl 

!ilOTO)'MHOXUTeJieH C llOMOil{blO naCCUBHbiX JIUHeHHbiX pa3MHOXUTeJieH AeJIHTCH Ha ABa paB­

HbiX CUm:aJia, OAHU U3 KOTOpblX nocrynaiOT Ha 31.{[1 W!H UJMepeHU.II aMnJIUT)'Abl, a Apyrne 

'1epe3 35-KaHaJibHbiH JIUHeHHbiH CMeCUTeJib llOAaiOTCH Ha BXOA UHTerpaJibHOro aMnJIUT)'AHO­

ro AUCKpuMuHaTOpa. Tun perncTpupyeMoro co6MTUH onpeAeJI.IIJIC.Il BeJI~tJUHOH nopora :noro 

AUCKpUMUHaTopa. TaKHM Cll0C060M BbmeJIHJIUCb CJieAyiOil{Ue xap aKTepHble TUllbl BJaUMO­

AeHCTBUH: 

1. «l{eHTpaJibHbie» BJaUMOAeHCTBUH C AOCTUiliYTOH nJIOTHOCT 10 3Hepruu, AOCTaTO'IHOH 

WI.Il Toro, tJT06bi KBapKu u rniOOHbi BHYTPU HYKJIOHOB Mornu 6&ITb cso6oAHbiMU u 

ABuranuc&, o6pa3)'B KBapK-rJIIOOHHYIO nnaJMy. Eon&waH tJaCTb. 3Heprnu nyqKa B TaKHX co-
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PHc.ll. CneKTpbi, JapemcrpHpoBaHH&Ie KanopHMeTpoM npH pa311H'IH&Ix THnax co6&ITHH: 

a) - cyMMapHbiH 3HepreTH'IeCKHH cneKTp, 6) - «UeHTpaJibH&Ie» B33HMO.UeH­

CTBHJI, B) - «He O'leHb UeHTpanbHbie» B33HMO.UeHCTBHJI, r) - «nepH!l>epH'IeCKHe» 

B33HMO.UeHCTBHJI. llo OCJIM X OTnOJKeHbl BeJIH'IHHbl :mepmH, Bbl,lleneHHOH 8 llAK 8 T3B, 

no OCJIM y - 'IHcno co6&ITHH 



32 Apet/Jbe8 B.A. II op. fly'IK08b/U aOpOHHb/U KG.!lOpUMemp 

6biTIHIX 8bllleJISJeTCSI 8 npo uecce 83aHMOLleHCT8HSI HYKIIOH08 ll}"!Ka H MHWeHH , 003TOMY Tpe-

6yeTCSI, 4T06bl 8 nAK perHCTpHp08aJIOCb lie 6onee 20% 3HeprHH nanaJOmero SI.Upa. 

2 . «He 04ellb UeHTpaii bHble>> 83aHMOLleHCT8HSI. 8 KOTOpblX nAK perHCTpHpyeT OT 20% 

.uo 90% 3HeprnH nana10mero s.npa. 

3. «nepHcpepH4eCKHe » 83aHMOLleHCT8HSI, 8 KOTOpblX SI.Upy MHWeHH nepe,uaeTCSI He60Jib­

lllaSJ .UOJill 3HeprHH llaJieTaiOlUero li.Upa. B 3TOM cny4ae 8 nAK .uomKHO 8bl.UeJlliTbCll 6onee 
90% 3HeprHH ny4Ka. 

Ha pHc.l 16,s,r npH8ellellbl 311epreTH4eCKife cneKTpbl, 3apemCTpHposaHHble nAK H co­

OTBeTCT8YIOlUHe nepe4HCJJ eiiHbiM THnaM co6biTII~i . Ha pHc. lla noKa3aH cyMMapHbiH 3Hep­

reTH4eCKHH cneKTp . 

7 . 2 . KoppenliUHH c .upyrHM~I .ueTeKTopaMH 

3uepr08bi.UeneiiHe B n AK CHJibiiO KOppeJJHpOBaHO C nonepe4HOH 3HeprHeH, Ha6nJO.UeH­

IIOH 8 Er-Ka.nopuMeTpe, 11 MIIO)I(eCT8eHHOCTbiO BTOpH4HbiX 4aCTHU, 3apemcTpHp08aHHbiX 80 

8peMllnponeTIIOM cneKTpoMeTpe W A-98. Ha pHc.l2 npHseneHbl .U8yMepHble pacnpe.ueneHHll, 

xapaKTepH3YIOlUHe 3TH KOp peJJliUHH . 3.uecb XOpOWO 8H.UHO, KaK C pOCTOM «UeHTpaiibHOCTH» 

83aHMO.UeHCT8Hll H yMellbllleiiHeM 311eprHif, 8bi.UeJIHBWeHCll 8 nAK, y8eJIH4H8aiOTCll 3Hepro-

8bl.Uene11He 8 £T-Ka110pltMeTpe li MIIO)I(eCT8eHHOCTb 4aCTHU 8 COeKTpOMeTpe 00 8peMeHH 

nponeTa. 
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Puc.12 . KoppenHUitH :mcproRhlllC.lCIIIIH B nAK c naiiHbiMif npyrnx neTCKTOpOB: a)- c 3Hepro8blllC­

JICIIIICM R £T -Ka:IOpmtCTpC (i ) - C MIIOlKCCT8CIIIIOCTbKl, peT11CTp!ipyeMOH 80 8pCMHilpOIICTH0M 

CIICKTpOMCTpC . no OCHM .\' OT:I OlKCIIbl BC: III'lllllbl 311Cpr1111. BblllCJI CIIHOii B nAK 8 T38, 110 OCJIM y ­
:mcpnlH. nJ.UJC:JcuuaH n £ .,.-K <l ' lOpltMt::Tpc R T ::> B (a) . 11 'lHC.lO YaCTHU, perHCTpHpye~we 

CUIIIIHIJJ: IHUIIOIIIIJ.IM l!CTCKH l pOM BpCMCIIII 11pO: ICTa (6) 
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PHc.l3. CTa6HJibHOCTb pa60Tbl Ka!lOpHMeTpa. no OCH X OTJIO:lKeH HOMep paHa, no 

OCH y - :mepriD! nyqKa llllep CBHHUa 8 T38, H3MepeHHall llAK, C nonpaBK3MH 

Ha norroxeHHe rra3epHbJX nHKOB 

7. 3. CTa6HJihHOCTh pa6oTbi KaJI opHMeTpa 

33 

flyqKOBbiH a.o.poHHhiH KanopHMeTp pa6oTan B cocTase ycTaHOBK H W A-98 na nyqKe Mep 

CBHHUa B .Z.BYX pa60tiHX ceaHCaX B 1994 H 1995 IT. H OOKa3aJI y,noBJieTBOpHTeJihHYIO 

CTa6HJibHOCTb xapaKTepHCTHK. B TetieHHe BTOpOrO ceaHCa B 1995 r . He 6bill0 JaMetieHO 

cMeiUeHH51 nonoxeHH51 nHKa oT nyqKOBhiX tiaCTHU H ero pacwHpeHH51. Cpe,nH5151 

HHTeHCHBHOCTb ll)"'Ka 51,nep BO BpeMll ceanca npO,nOJI:lKHTeJihHOCTbiO 6 He,neJib COCTaBJI51Jla 

0,75 · 106 
Mep Pb +SZ Ja c6poc. CTa6HJILHOCTh xapaKTepHCTHK K anopHMeTPa so speMll BTO­

poro ceanca npoHJIJIIOCTpHposana na pHc.l3. 3,nech noKaJaHa semttiHHa sneprHH 51,nep nyq­

Ka, HJMepeHHa51 B pa3HbiX paHaX H CKOppeKTHpOBaHHa51 C )"'eTOM DOJIO:lKeHH51 OHKOB OT 

JiaJepHbiX CHrHaJIOB H CHrHaJia <l-HCTO'IHHKa. BH.Z.HO, 'ITO OTKJI HeHH51 OT cpe,nHero 3Ha­

'leHH51 aMnJIHTY.Z.hl CHrHana Ja BpeM51 ceanca He npeBOCXO,nSIT 5%. 
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8. 3aKJIIO'feHHe 

B JaKJIIO'feHJ.te KonneKTHB asTopos Bb1p3)1(aeT 6onbW)'IO npHJHaTeJibHOCTb 
A.M.Ean.n.HHy, A.ll.KosaneHKO, H.H.Aranosy, 11.A.CaBHHy, A.r.Bono.ll.bKO Ja BHJ.tMaHJ.te " 
nocTO.IIHH)'IO no.Mep.lKKy pa6oTbl. 

Mbl npHJHaTenbHbl C.T .Een.11esy " B.I1 .MaHbKO - COTPY.Il.HHKaM PHU «KyplfaToBcKJ.tH 
J.IHCTHTYT» - Ja <lJHHaHCOB)'IO no.Mep.lKKY J.l BHJ.tMaHJ.te K pa6oTe. 

ABTOpbl 6naro.n.apHbl 'IJieHaM KOJIJia6opaUJ.tJ.I w A-98 T.OsJy, r.51Hry, 10.11J.t, 
n.MopHCCOHy, A.np3bl6bme, T.Ha.IIKY Ja noJieJHble o6cy)I(.IJ.eHJ.tSI, noMOlllb B KaJIH6poBKe J.l 

B pa6oTe BO speMSI ceaHCOB Ha SPS. M.KneMaHy J.l n .nbepy 33 J.IH.lKeHepHO-TeXHJ.t'lecKyiO 
no.Mep.lKKY pa6oT B UEPH. 

Oco6a.11 6naro.uapHOCTb Bb1p3)1(aeTcSI coTpy.UHHKaM 11<l>B3 (npoTBJ.tHo): B.K.CeMeHosy 
Ja 6onbW)'IO noMOlllb B J.tJroToBJieHHJ.t cuHHTJ.tJIJISITopos " cseToso.n.os " B.C.llauKo Ja 
noneJHble KOHcynbTauHJ.t. 

AsTopbl o'!eHb npHJHaTenbHbl KOJIJieKTHBY U03n 11B3 no.n. PYKOBO.IJ.CTBOM E.A .MaTIO­
wescKoro J.l 10.11.TSITIOWK J.t Ha Ja 60JibWOH ofueM pa6oT, BblnOJIHeHHbiX npH COJ.D.aHJ.tJ.I Ka­
JIOpHMeTpa Ka'leCTBeHHO H B C)l(aTble CpOKJ.I. 

Mbl TaK.lKe 6naro.uapH bl B.B.EaKaesy, A.l1.fpHropbesy, H.ll.OJeposoH, A.B.llla6)'Hosy, 
n.IO.nJ.tnJ.tneHKO, n.K.MaHbSIKOBY J.l PYKOBOJlJ.IMOMY J.IM KOJIJieKTJ.tBY paJXHOMOHTa.lKHJ.IKOB 
11B3, 11 .C.nonosy, H.B .BHpSicosy, A.11.Casenbesy, 11.C.Manaxosoii, T.I1.CTaplfeHKO, 
T.l1.06beJJlHOBOH, H.A.EanaHJlHHOH Ja 6onbWYIO TeXHH'IecKyiO noMOlllb B XOJle Bbmon­
HeHHSI pa60T. 

11HTepaTypa 

1. Donni P., Durieux E., lzycki M. et al.- CERN/SPSLC 91-17, CERN, Geneva, 1991. 
2. Awes T.C.. Baktash C., Cumby R.P. et al.- NIM, 1989, voi.A279, p.479. 
3. GEANT, Long Writeup W5013 . CERN, Geneva, 1994. 
4. Eremeev R., Fedunov A., Maximov A. et al. - JINR Rapid Communications, 1995, 

No.2[70)-95, p.45 . 
5. Wigmans R. - NIM, 1987, voi.A259, p.389. 

Bernardi E., Drews G., Garcia M .A. et al. - NIM, 1987, voi.A262, p.229. 
6. Brekhovskikh V .V., Gladyshev V .A .• Lapshin V .G. et al.- IHEP 91-164, Protvino, 

1991 . 
7. 3ani060BCKJ.IH 11.11 .• Ko6a B.C.. KOBTYH B.E. J.l Jlp.- nT3, 1995, N~5. c.76. 
8. Hubbeling L. - CERNIECP 92-10, CERN, Geneva, 1992. 
9. AKOnJl)l(31108 r .A., 11 11SIKJ.IH A.B ., lllysanos P.C.- npenpHHT 11<l>B3, 03<1> 78-127, 

Cepnyxos, 1978; 
EBJlOKJ.IMOB B.H., MYTa<PJ.tH M .l1.- npenpHHT 11<l>B3, 03<1> 84-83, Cepnyxos, 1984. 

PyKonHCb noCTymma 26 asryCTa 1996 roJla. 



KpamKue coo61J4eHUJ! OHJ/H Ng5[79}-96 JINR Rapid Communications No.5[79]-96 

YAK 539.1.074.3 

NEW APPROACH TO INCREASE THE RESOURCE 
OF INSTALLATION ELEMENTS 
FOR SUPER-HIGH ENERGY PHYSICS 

A.A.Astapov, L.N.Zaitsev 

The efficient way to increase the resource of installation elements for super-high energy 
physics is proposed, when the parameter, determining the resource val e, is the time of poly­
mer property relaxation instead of permissible dose. The <<effect of shifting (smearing) dose 
rate>>, which allows also to increase the resource, was· demonstrated as the simple beam 
quenching in hadron calorimeter. The new approach will not complicate the construction of the 
experimental set-ups but, instead, simplify it and reduce the cost. 

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

HoBLiil no,llXO.ll yseJIH"'IeHHJI pecypca 3JieMeHTOB ycTaHOBOK 

,llJIJI cl»H3HKH CBepXBLICOKHX 3HeprHH 

A.A.AcmanoB, Jl.H.3aufle8 

flpeAJJOJKeH at~>!l>eKTH8HbiH cnoco6 Y8eJIH'IeHHll pecypca aneMeHT08 yCTaH080K AJ1ll tPHJHKH 
C8epX8biCOKHX 3HeprnH, KOr,[la onpe,[leJIJIIOu.{HM napaMeTpOM JIRJilleTCJI He npe,[leJibHaJI ,[lOla, a 
8peMJI penaKCaUHH C80HCT8 llOJIHMep08. <<3!l>!l>eKT C,[l8Hra (pa3MbiTHll) MOu.tHOCTH .tl03bl>>, KOTO­
pbiH TaKJKe noJ80JilleT Y8eJIH'IHTb pecypc, 6biJI npoaeMOHCTpHpo8aH Ha npuMepe npocTOro 
raUJeHHll nyqKa 8 anpoHHOM KanopuMeTpe. Ho8biH noaxoa He ycnoJKHHT, a ynpoCTHT col,[laHue 
3KCnepHMeHTaJibHbiX yCTaH080K H YMeHbUIHT HX CTOHMOCTb. 

Pa6oTa 8binOJIHeHa 8 Jia6opaTopuu 8biCOKHX aHeprnii 0!-UIH. 

With the particle energies from a few TeV and luminosity of 1031 (for AA-interactions) 
and 1033 (for pp-interactions) cm-2 

· s- 1
, the radiation loads overcome the permissible level 

and the resource of physical installations reduces strongly. The list of the elements limiting 
the resource is rather long: chips and other electronic components, polymer isolators, 
fibrous light guides, monocrystals, scintillation and semiconductive detectors, etc. [1]. 

Obviously, the detector system with polystyrene scintillator (PS) and wave length 
shifter (WLS) has the highest radiation resistance. Development f the so-called radiation­
resistant scintillators «PS+antirads>> is the result of active 15-year investigations all over the 
world (e.g., see [2,3]). While y-irradiating (usually, with 6°Co) the small scintillation 
samples at the · increased rate, an improvement is achieved of the maximum permissible 
dose, Dlim' from 10 kGy up to 50+70 kGy. Nevertheless, the load at the forward hadronic 

calorimeter of the installation «Compact Muon Solenoid>> (CMS) will be higher than 
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500+700 kGy for 108 s (1 0 years) at mean dose rateD'= 10-3 Gy·s-1
. In addition, in the 

real calorimeters D
1
. was found to be only from 5 to 7 kGy under the 10% light loss in 
•m 

the system [4,5]. That is 10 times less than those ones obtained in the tests. The reasons 

are: 

- mixed radiation fi eld (mean linear energy transmission, LET, is - 20 keY· Jlm-1 in 

comparison with LET (6°Co)- 0.2 keV· Jlm- 1
); 

- very high light fl ux - 1015 cm-2
· s -I being higher by 100 times than it is in the 

tests); 
- radiation oxidizing of the polystyrene scintillators as long as D' ai << D'

1 1
. re es 

Analogous results were obtained about 10 years ago [6,7]. However, the efforts to 
increase the maximum D

1
. have been applied, though it is not real to increase 100 times 
liD 

the radiation resistance of the PS+WLS system or other polymers. 
Thus, the dilemma arises: either to decline the use of polymer materials in future 

installations for super-high energy physics (what is impossible), or to use new approach, 
when the parameter determining the resource value is the time of polymer property 
relaxation, t, instead of D

1
. • ln contrast to metals and alloys, polymers have considerably 
l m 

longer relaxation time after irradiation. New approach raises the claim to physicists to plan 
the duration of operation under irradiation and without it, and what is more, it is necessary 
to coordinate the seances at all the set-ups, for instance, for the LHC. 

The present study deals with the ways to increase considerably the resource of the 
PS+WLS system. 

One puts the following requirements for the scintillators: high transparency, sufficient 
light emittance, fine energy resolution, and short time of light-striking. Moreover, a 
possibility is necessary to construct the PS+WLS system of the large square and volume 
plus the simplicity of processing and· the reduced cost. The polystyrene-based scintillators 
meet these requirements . 

At the polystyrene irradiation, the D
1
. depends on a variety of factors that can be 
liD 

divided into three groups: 
- internal, inherent factors (the element composition, phase state, impurities, dopants, 

dimensions of a sample and unit); 
- external, operational factors (temperature regime, environment, influence of light 

and electro-magnetic fields, character of the mechanical loads); 
-radiation factors (kind, velocity, mass, and charge of particles or the LET, character 

of the dose distributions, duration and dynamics of the irradiation effects). 

The scientific novelty is the use of an approach when the relaxation time, t, becomes 
the governing instead of the maximum permissible dose. The relaxation time amounts from 

20 to 40 days for the so-called radiation-resistant scintillators and WLSs (see Fig.la,b ). 
From the other hand, the scintillator PMS-115 and WLS BCF 99-28 have the insufficient 
values of Dlim and the quite acceptable relaxation - the optical parameter ~(D) recovers by 

104% for 1+3 days. As the Fig.2 shows, under the continuous irradiation the resource will 
be exhausted quickly . 
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Fig.2. Variation of the optical properties of scintillators under irradiation 
and without it 



38 

........ 

' 
tr<tn \ 

!oJ> 

D'l 

;•lin 

0 2 

\ 

\ 

4 

~ 

6 
t, years 

8 

Astapov A.A., Zaitsev L.N. New Approach to Increase 

10 

Fig.3. Dependence of the optical 
properties on the operation time for 
various resource values 

The reversible modifications of the optical properties !l are caused, mainly, by the 
radiation-induced formation of intermediate active particles, excited states of molecules, 
free radicals, charge-transferring complexes, etc. With some time 't passed, the annihilation 
of the intermediate particles via various processes leads to the vanishing of the induced 
optical adsorption. In principle, by means of setting up the time trad (session duration) to 

optimal value, it could be possible to obtain the values o = 0, i.e., unlimitedly long (equal 
to oo) operation time or.the t (see Fig.3). 

r 

The novetly is also the investigation of both the terms entering the resource formula: 
D

1
. and D'. The resource is expressed approximately as a ratio of independent values : 
lffi 

t =D1. /D'. 
, lffi 

Earlier, the only thing one tried was the raising up the Dlim value to the maximum. Our 

concept does not require this at all , though the small value of D1. can shorten the session 
lffi 

time. Nevertheless, the irreversible modifications o and o' originated from the formation or 
destroy of chromophore groups, single and conjugated double bonds, oxygenated groups, 
etc., depend on the dose rate D' of irradiation in atmosphere. Though, as Fig.4 shows, the 
dependence of Dlim on D' can be substantial, it is unknown for the polystyrene. A series of 

treatments is known that give the conflicting conclusions to the dependence of o (or D
1
. ) 
lffi 

on D'. 
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Fig.4. Dependence of the pennissible dose on 
the dose rate for polymers in atmosphere 
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antioxidants 

D' 

Let us consider the situation when all the chemical-engineering techniques have rea­
ched their limit but the value is still t < t (see Fig.3), where t is normative time. In this r n n 

case, we propose the «effect of shifting (smearing) D'». This effect was demonstrated as the 
simple beam quenching in the hadron calorimeter. Because of sufficiently steep gradient of 
the radial distribution D'(r) (Fig.5) the translation of the beam on a distance as short as 
r 

1 
= 2 em allows one to increase the resource by two times, as s own with dashed curves 

at Fig.3 . 

In the case of colliding beams, the problem complicates significantly. It can be solved 
only through the detailed Monte-Carlo simulation of the radiation loads D'(r,z,t .. . ). The 
ways to solve the problem do exist. One of the most important p ints is the calculation of 
the every particle contribution to the dose rate D' . max 

The problem's aim is to shorten significantly the 't and to prove that the residual 
irreversible processes o do not reach the 51. value in result of the long-term photo­•m 
radiation degradation of the PS (see Fig.3). Under the photo-radiation affection, the 
formation of radicals proceeds by two energy sources: ionizing radiation and light. 

The energy fraction of a charged particle being spent to an excitation, e.g., Cherenkov's 
radiation, does not exceed 0.2%. Nevertheless, the intensity of light radiation (in the 

maximum D' , see Fig.5) can reach 1015 cm-2· s-1 at 10+14 TeV in a beam. The energy 
max 

coming in through this new channel, equals 

E= sGD''t'dlE, 

where C. is the extinction coefficient; G, radiation-chemical outcome; 't', lifetime of 
intermediate particles; d, thickness of the PS; /, light flux in the region of the optical 
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Fig.5. Radial distributions of dose rate 

absorption; E, mean energy of 
photoas. This channel is suffi­
ciently large and so there is a pos­
sibility for the radiation-resistant 
PSs to have rather low photo-ra­
diation stability . 

According the new concept, 
the polyallilic derivaties or the 
aligomeric analogues, AH, are 
necessary instead of the 
luminescent dopants, diffusion 
enhancers or phenolic antirads. 

5 From this side of view, they are 
similar to the photostabilizers and 
antioxidizers: 

RH -+R•+H 

AH + R •--+ A • + RH. 

The dopand AH gives the atom H to the free radical R • transforming itself into the radical 
of smaller activity and ~egenerating tbe initial molecule. The break of the radical chain goes 
slowly by means of connection with other radicals that are not so steric hampered. Under 
irradiation, they «sew» fi rmly with a matrix and so reduce the dose of «helium generation» 
and, moreover, improve somehow the degree of crystallity of the PS. Earlier, neither such 
dopants nor the modernization of the polymer base (matrix) for reducing significantly the -t', 
were investigated. 

The problem complexity arises from the fact that Dlim and 't depend on the linear 

energy transmission, LET, i.e., on the kind of radiation . As the earlier investigations show, 
for the majority of polymers, the radiation-chemical yields G of the intermediate active 
particles do reduce with the increase of the LET due to the increase of the local 
concentration of these particles in the tracks and, therefore, the higher probability of their 
recombination. That means that the radiation stability raises with the LET. 

It was believed earlier, that the radiation stability of ~ decreases with the increase of 
the LET (as is in the case of metal). Nevertheless, the recent works on this subject (see [ 1]) 
and our experiment at the ZDC [5] lead to the opposite conclusion. While calibrating the 
detectors FWT-70 made of polychlorstyrene in the absence of light, .we found that the equal 

optical density ~ is obtained at D(6°Co) = 85 Gy and D(hard.) = 522 Gy. At the same time 

we found that in the PS at the ZDC, the picture is reverse: D(6°Co) = O.l·D(hard.). Thus, 
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under photoirradiation conditions, the acceleration of c
1 

o tputs can overcome the 

recombination with the LET increase (from 0.2 to 20 keY · j..lm- ). 
The influence of the radiation field on the D

1
• and t can be clarified only by tm r 

irradiating the model of the PS+ WLS system with a particle beam of energy higher than 

100 GeV . Comparing the results with the data on 6°Co-irradiation of the small test samples 
and also with the data on the contributions of particles defining the D' max obtained with the 

use of Monte-Carlo method, one can estimate the role of the LET [8]. 
Because of the fact that the local and mean concentrations f the active particles in a 

track are smaller for the ion with the higher charge, the LET has not to be considered as 
the only characteristic of an irradiation . It seems that one has to use the two-parametric 
description of the radiation-induced transformations utilizing the charge and velocity of a 
charged particle. This circumstance makes the problem even more complicated. 

In conclusion, there is only one way to solve this problem now: the radiation stability 
tests for polymers must be accompanied by the aging monit ring. The problem is to 
decrease the time of recovery of the optical properties of PS after irradiation and to prove 
that the inversible processes do not achieve the «danger value» by the long-term 
photoradiation aging. The problem feasibility is proved by the analysis of the long-term 
radiation stability of the polymer-isolated electrical cables at th US nuclear power plants 
and by the agreement of the forecast and the results obtained after the 12-year operation 

under D'=6·10-4 Gy· s- 1 radiation condition. Calculations were made with the use of 
superposition principle «time-temperature-dose rate» that made the physical justification for 
the transition from the tests at high D' to the real operation at low D' values [9]. 

In the following paper we will present the developed computer code package 
RESOURCE and a set of instructions, manuals and methodical matters allowing one to 
solve a broad range of scientific and engineering tasks originated from the optimization 
needs of operation modes of the LHC installation, in order to achieve the necessary 
resource of the PS+WLS system and other numerous assembles and units subjected to the 
radiation loads . The database of input parameters will include the new experimental results 
both of physical-chemical and technological nature obtained in our investigations. The new 
technology will not complicate the construction but, instead. simplify it and reduce the cost 
of the PS+WLS system. 

Acknowledgement. The authors would like to thank Drs. A.Malakhov, A.Kovalenko, 
V.Nikitin and M.Shafranov for their support and useful discussions. 
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METHOD OF THE IN-FLIGHT PRODUCTION 
OF EXOTIC SYSTEMS 
IN THE CHARGE-EXCHANGE REACTIONS 

O.I.Kartavtsev, I.N.Meshkov 

Study of exotic few-body systems is of great interest in the investigation of the fundamental 
physical principles. The efficient method for production of exotic systems in the charge­
exchange reactions is proposed. In this method, the reactions take place in-flight in the over­
lapping area of two particle beams. The beams of initial particles are supplied with a storage 
ring and either with another storage ring or a linear (electrostatic) accelerator. Advantages of 
this method are large cross sections of the charge exchange reactions, the absence of losses 
and interaction with medium. The production of positronium, protonium, antihydrogen and 
ions of the antiprotonic helium isoelectronic sequence is considered, possible yields are esti­
mated and some problems of measurement on the beam of produced particles are discussed. 

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

MeTOJJ. o6pa30B3HHJI 

3K30TH1JeCKHX CHCTeM 

ua nery B peaKQHJIX nepelapJIJJ.KH 

O.H.Kapmasf~es, H.H.Meuuws 

HJyqeHHe 3KJOTH'IecKHX CHCTeM HecKOllbKHX Ten npeacraBJllleT JHa'IHTenbHhlii ·HHTepec Il.llll 
HCCJle!lOBaHHll !JlYHilaMeHTaJlbHbiX !JlHJH'IeCKHX npHHUHnOB. npeMaraeTCll 3!Jl!JleKTHBHbiH Me­
TOil o6paJOBaHHll 3KJOTH'IeCKHX CHCTeM 8 peaKUHliX nepeJapliilKH. PeaKUHH npOHCXOilliT Ha 
nery B OMaCTH nepeKpblTHll IlByx n}"'KOB '!aCTHU. nyqKH pearnpyiOIUHX '!aCTHU o6paJyJOTCll B 
HaKOnHTenbHOM KOllbUe H nH60 B IlpyroM HaKOnHTenbHOM KOnbUe, nH60 8 nHHeHHOM (MeKTpo­
CTaTH'IeCKOM) YCKOpHTene. npeHMyJUeCTBaMH aaHHOfO MeTO!la liBnliiOTCll 6onbWHe Ce'!eHHll 
peaKUHH nepeJapliilKH, OTCYTCTBHe noTepb H BJaHMO!leHCTBHll CO cpeaoii. PaCCMOTpeHO o6paJO­
BaHHe nOJHTpOHHll, npOTOHHll, aHTHBOilOpOila H HOHOB, npHHa!lneJKalUHX K HJOMeKTpOHHOH 
noCJJeaooaTenbHOCTH aHTHnpoTOHHoro renHll . OueHHBaJOTCll BOJMOJKHbJe cKopocTH Hx 
o6paJOBaHHll H 06CylK!laiOTCll HeKOTOpble npofineMbl HJMepeHHH Ha nyqKe o6paJOBaBWHXCll 
'!aCTHU. 

Pa6oTa BblnOJIHeHa B na6opaTOpHH TeopeTH'IeCKOH IJ!HJHKH HM. H.H. OfOJIIOOOBa H na6o­
paTOpHH ll!lepHbiX npo6neM OlliiH. 
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I. Introduction 

During the last years, studies of exotic few-body systems contammg stable antipar­

ticles, positron e+ and antiproton p, attract much attention as a tool for the investigation of 
the fundamental physical principles. The production of these systems as a target and also 
experiments meet essential difficulties due to interaction with media. The efficient method 
providing the production of a beam of exotic systems is proposed in this paper. 

This method has its roots in the electron cooling of the particle beam circulating in the 
storage ring [I] . The recombination of electrons and particles in the beam, being a parasitic 
effect for the electron cooling, was proposed for the production of new systems. 

The essence of the method under consideration is the in-flight production of the above­

mentioned systems in charge-exchange reactions . The cross sections of these reactions are 

of an order of the geometrical atomic cross section crG = 1rll~ (a0 is the Bohr radius) that is 

large enough to achieve a substantial yield of the produced particles. As will be discussed 

below, the cross section of some reactions significantly exceeds the geometrical value crG, 

and an additional enlargement of the cross section can be obtained by tuning the relative 
velocity of two particle beams. 

Production of the positronium, protonium, antihydrogen and ions of the antiprotonic 
helium isoelectronic sequence is considered, the yield of these particles is estimated and 
possible measurements on the beam of produced particles are briefly discussed. 

II. Method of Pro d uction 

The storage ring is proposed as a source of the «exotic» particles such as positrons and 
antiprotons, whose beam mtensities, as a rule, are limited due to the complicated generation 
method. Two different modes of operation are proposed to supply the other, «usual» ions 
necessary for the reactions under consideration. Of course, any exotic ions can be used as 
«usual>> ions and the reaction of two exotic particles is possible. In the first mode (Fig. I) 

the source of << usual>> ions is another storage ring and in the second mode (Fig. 2) the 

<<usual>> ion beam is gene rated in a linear or an el~ctrostatic accelerator. In both cases, the 
reactions take place in-flight in the common area of two beams. The angular and velocity 
spreads of a directed flux of the produced systems depend essentially on those of the initial 
particles. The secondary beam of a low enough momentum spread can be obtained by using 
the electron cooling of <<exotic >> particles in the storage ring [2] . 

The generation rate R is determined by 

R = crv In N / C , r u e e 
(I) 

where cr is the reaction cross section , vr is the relative particle velocity, I is the length of 

the interaction region, where beams are overlapped, Ce is the circumference of the «exotic» 

particle storage ring , N,. is the «exotic>> particle number in the circulating beam and the 
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Fig.l . Method of production using two storage rings: 
«usual» particles storage ring, 2 - «exotic>> particles storage 
ring, 3 - electron cooling of «exotic>> particles, 4 - reaction 
area, 5 - electron cooling of «usual>> particles, 6 - produced 
particles beam 

3 
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6 

Fig.2. Method of production using a storage ring and an accelerator: I -
accelerator of the «Usual>> particles, 2 - «exotic>> particles storage ring, 3 
- electron cooling of «exotic» particles, 4 - reaction area, 5 - «usual>> 
particles collector (energy recuperation), 6 - produced particles beam 
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«usual» particle density in the interaction region n can be determined in two operation 
u 

modes as 

n = u 

N 
u 

sc. 
u 

N u 
Sv

0
' 

1st mode 

(2) 

2nd mode. 

Here N is the «usual» particle number in the storage ring of the circumference C , S is the 
u . u 

largest of two beam cross sections, Nu' v0 are the ion flux and average particle velocity in 

the second mode. It is worthwhile to mention that the regime of bunched beams [2] brings 
a gain if the unbunched beam intensity is far from the space charge limit. 
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One of the essential advantages of this method is that the energy of colliding particles 
in the center of mass frame can be easily tuned by changing the cooling electron energy to 
achieve the largest yield and the desired quantum state of the produced systems. 

In the second mode of operation, it is supposed to apply the so-called energy recupe­
ration. In this scheme the main part of the ion beam, passed through the reaction area, 
decelerates in the electrostatic field and recovers a significant part of the accelerator power. 
In this way, the power consumption is reduced, the problem of the ion collection is solved 
and, as a result, the background conditions are significantly improved. 

III. Positronium Production 

The reaction 

e+ +H-~ Ps+H (3) 

is the most attractive for positronium production due to small binding energy E8 - 0.76 eV 

and large size - 4a
0 

of the negative hydrogen ion H-. The positronium can be formed at 

least in six states (1 s, 2s, 2p, 3p, 3d) even at zero kinetic energy of the colliding e + and 

H-. The cross section of the reaction (3) can be estimated as 10crG for the kinetic energy in 

the center of mass frame of an order of the characteristic atomic energy - 10 eV. Using this 
estimate and optimistic intensities of the circulating e+ and H- beams N/ = 108

, NH- = 109 

for H- beam energy 0.5 MeV, one can obtain the positronium generation rate on the level 

of 3-107 s-1 for C = C =15m, l= 1.5 m, S=3 mm2
. This rate is significantly higher in 

e u 
comparison with the electron-positron radiative recombination method of the positronium 
in-flight production [2]: The available intensities of circulating particles are mainly limited 
by the beam space charge. 

The advantage of the second mode of operation is the possibility of using the H- beam 

of high intensity. Nowadays, the 0.5 MeV H- beams of the DC of an order of few amperes 

are available [3] . Using the H- ion current density of 1 A/cm2 and the above mentioned 

parameters of the e + storage ring, one can obtain the positronium generation rate of 

R= 1010 s-1. Of course, the average flux of positronium will be limited by the positron 
storage rate in the ring. Despite of a comparatively large ion temperature T- 1 eV of the 

intensive H- beam in the second mode of operation, the temperature of the produced posi­
trinium is of the same order for both modes. The reason is that due to the mass difference 

of a positron and an H- ion, the H- ion velocity spread is much less than the positron one 
and the positronium temperature is determined mainly by the temperature of light particles, 
i.e., positrons. . 

1t is reasonable to assume the significant production rates of the excited -positronium 
due to both a larger size of these systems and decreasing the energy released in the reaction. 

One should note that the lifetime or ortho-positronium in the ground state - 142 ns 
corresponds to a decay length - 1.4 m for the considered particle energy. For this reason, 
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the particle energy should be increased if a larger length is necessary. Among excited states, 
the 2s state is metastable and its lifetime exceeds the ground state lifetime by a factor of 
eight. As a result, one should take into account the application of the 2s positronium in the 
described experiment. 

VI. Antiprotonic Helium Isoelectronic Sequence 

The metastable antiprotonic helium atom He+p recently di covered [4.5] is a new 
few-body system consisting of a helium nucleus, an electron and an antiproton. These 
exotic atoms carry an extremely large total angular momentum L - 30--40 and survive for 
an enormous time (about tens of microseconds in comparison with the mean lifetime of 

antiprotons stopped in media - 10-12 s) . One can consider the antiprotonic helium as a 
representative of a new kind of exotic systems consisting of an arbitrary nucleus, an elect­
ron and an antiproton. Similarly to the two-.electron ions, the set o( these systems can be 
called the antiprotonic helium isoelectric sequence. Note that calculations of eigen-energies 

[7] testify to the existence of metastable Li++ p, the next member of the sequence. The 
charge exchange reaction 

z - z-A ee + p ~A pe + e, (4) 

where A z denotes the nucleus of the charge Z, provides the effective production of new 
members of this sequence for Z :2: 3. As for the Z < 3 cases, one should mention that the 
reaction (4) cannot be used for the in-flight production. The neutrality of the helium atom 
excludes the possibility of anti protonic helium production (Z = 2), and the existence of the 

long-lived H- p system (Z = 1) is not probable. 

Since the determination of the reaction (4) cross section is a complicated problem, one 
can roughly estimate it using the results of the semiclassical calc lation of antiproton cap-

ture in helium [8] . The calculated capture cross section into He+ p states is of an order of 
crG in a wide region of the initial kinetic energy 2-20 eV. Next, the experimental value of 

the trapped antiproton fraction [4] is about 6 times as small as that given in [8] and the 

radius of Li++ p is smaller than the He+ p one due to a greater nuclear charge. Taking into 

account these facts, the pessimistic value for the Li++ /}-production cross section is esti­
mated about 0.03crG for the above-mentioned initial kinetic energies. Using, in eq .(l ), the 

intensities of the Li+ and p beams NL.+ = 108
, N- = 109 for the particle energy 0.5 MeV /amu, 

I Jl 

CL.+ = 15 m, C- = 80 m one comes, in the first mode of operation, to the Li++ p generation 
I Jl 

rate about 500 s -I . 

In the second mode of operation with the straight ion beam and the circulating p-beam 

even for the moderate Li+ beam intensity of 0.1 A/cm2
, the Li++ p generation rate about 

R- 105 s-1 can be achieved. 
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All the problems of experimental and theoretical investigaitons [9], [I 0] of He+ p con­
cern also other members of the antiprotonic helium isoelectronic sequence. The discovery 
and investigation of these systems will shed a new light on the antiprotonic helium and 

allow a thorough study of the antiproton characteristics. Remind that A 2 pe ions do not 
survive in medium and can be studied only in-flight. 

One of the important problems is the isotopic dependence of the antiprotonic helium 

properties. Only two stable helium isotopes 3He, 4He are used in the modern experiment. In 
thi s respect, the investigation of Z dependence of new members of the antiprotonic helium 
isoelectronic sequence is of clear importance. 

As it follows from the results [ 8]. the production of anti protonic helium atoms with a 
fixed angular momentum is due to the capture of an antiproton with a fixed energy. For this 

reason, one can produce A 2 pe in the desired quantum state tuning the relative velocity of 
colliding ions. Another interesting feature of the produced systems is the alignment of 
their angular momenta in the transverse direction. The discussion of this topic can be found 
in [II] . 

V. Protonium Prod uction 

After removing one electron via Auger decay, the A 2 pe system became a hydrogenlike 
ion zp being in the high angular momentum state. Spectroscopic study of these ions is of 
great interest. In a similar way, the protonium pp in the high angular momentum state can 
be obtained in the reaction 

p+W ~pp+e+e. (5) 

Annihilation of this system is prohibited for a large enough angular momenta. A test of the 
fundamental symmetry [ 12] by comparing p and p properties is the most interesting appli-

cation of the protonium." For the above-mentioned N-, NH-, C-, S values and the reaction p p 
(5) cross section IOcrG at the center of mass energy 10 eY the protonium generation rate is 

about 3·108 s-1
. 

VI. Reactions of th e Secondary Beam 

The intense secondary beam can be used further to carry another reaction with signi­
ficant yield . Two importan t examples of this sort will be described in this section. 

A. Antihydrogen Production. The positronium produced in the reaction (3) can be used 
further to study other atomtc reactions. During the last years there has been much interest 
in the antihydrogen production. Following the paper [ 13] one can consider the reaction 

Ps + p ~ H +e. (6) 

The storage ring serving antiprotons should be added to the positronium generator des­
cribed above to realize the reaction (6) . The cross sections of this reaction have been 
calculated recently [ 14], [ 151 for a number of initial positronium and final antihydrogen 
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states. In spite of quite different methods, the results of two calculations are similar to each 
other and provide a reliable estimate of the antihydrogen production rates. The cross section 
of the reaction (6) for the positronium in the ground 1s state has a maximum value of about 
15crG at the center of mass energy about 5-10 eV. The cross section of the antihydrogen 

formation in the n = 2 states dominates other channels. For the positronium in the 2s, 2p 
states, the cross sections have maximum values of about 300crG at the center of mass energy 

0.25-0.5 eV. In this case, the antihydrogen formation takes place mainly in then= 2 states. 
Using this cross section estimates and the above-mentioned po itronium production rate 

1010 s-1, one comes to the antihydrogen production rate 900 s-1 in the former case of the 

positronium in 1s state and 1.7·104 s-1 in the latter one. 

B. Antiprotonic Helium. One can point out the two-stage ant iprotonic helium produc­

tion as another example. In the first stage the hydrogenlike ion He++ p is produced in the 
reaction 

He++ p ~ He++ p + e 
and in the second stage the antiprotonic helium is produced in the reaction 

He++p+ H+ ~ He++pe+ H. 

(7) 

(8) 

In a similar way, using the above-mentioned parameters, e+ current density of 

0.1 A/cm2 and cr G as a cross section of the reaction (7), one can obtain the He++ p produc-

tion rate R-5·106 s-1
. Correspondingly, the rate of the antiprotonic helium production in 

the reaction (8) in the second mode operation for the cross section - crG and H- current 

density - 1 A/cm2 will be about 20 s-1
. 

VII. Studies of Exotic Systems In-Flight 

The problem of the measurements on the beam of exotic systems arises in relation with 
the proposed method of the in-flight generation of these systems. The detailed discussion 
of this topic is not a goal of this letter and only the following remarks will be given. The 
ingenious method of resonant laser-induced spectroscopy [ 16] is applicable for the on-beam 
measurements with some modifications. Next, contrary to the in-medium production, the 

annihilation does not follow immediately after the Auger decay of Azpe and the Auger 
electrons can be detected beforehand. Some advantages arise from the high velocity 
movement of the system. Really, a significant Doppler shift can be used to reach the 
resonance conditions of the laser radiation in the particle rest frame. Also, the «Doppler­
free» spectroscopy seems to be applicable. Another very promising method of in-flight 
measurements is the MW frequency spectroscopy and the so-called «atomic interferometer» 
scheme [ 17] allowing the high resolution study of the spectrum. 
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NEUTRON ACTIVATION ANALYSIS FOR MONITORING 
NORTHERN TERRESTRIAL ECOSYSTEMS 

V.F.Peresedov, V.P. Chinaeva, S.F. Gundorina, T.M. Ostrovnaya 

New experimental data have been obtained on heavy metal and rare-earth element 
concentrations in environmental objects, namely pine needles and soils, caused by atmospheric 
pollution in different regions of the Kola Peninsula. The investigation was performed with the 
use of epithennal neutron activation analysis at the IBR-2 fast pulsed reactor. Analysis of 
nearly 40 element distributions in pine-needles and solids from the studied 1:eographical points 
testifies of a strong contamination source - the nickel smelting complex in Monchegorsk. The 
contamination levels for Ni, Co, Cr, Se, and other are also high and may be hazardous for this 
region population because some of these elements are carcinogenic. 

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

. llpHMeHeHHe 3KTHB3I.{HOHHOfO 3H3JIH33 

~JIB MOHHTOpHHf3 CeBepHLIX JeMHbiX 3KOCHCTeM 

B.C/J.llepeceiJo6 u iJp. 

nony<~eHbl HOBble 3KCnepHMeHTaJJbHble JlaHHble no KOHUeHTpaUHll TliJKeJJbiX MeTaJJJIOB H 
pellKOJeMeJJbHbiX 3JieMeHTOB 8 3KOJI0111'1eCKHX o6paJUaX - XBOe COCHbl H fiO'!Be C KOJJbCKOI"O 
nonyocTposa. HccnenosaHHll BbmOJJHeHbl c noMOillbiO HeiiTpOHHoro aKTHBaUHOHHoro aHanHJa 
Ha rennoBbiX H peJoHaHCHbiX HeiiTpoHax Ha peaKTope HiiP-2. AHanHJ pacnpeneneHHii KOH­
ueHTpauHii npHMepHO 40 3JieMeHTOB 8 33BHCHMOCTH OT reorpa¢JHH TO'IeK OT60pa npo6 fiO'IB H 
XBOH CBHJleTeJJbCTByeT 0 HaJJH'IHH CHJibHOfO HCTO'IHHKa JarpliJHeHHJI - KOM6HHaTa no BblnJJaB­
Ke HHKeJJll B MoH'IeropcKe. YpoBHH JarpliJHeHHll no Ni, Co, Cr, Se 11 T.ll. BbiCOKH " MOryT 
npellCT3WiliTb onaCHOCTb llJill MeCTHOI"O H3CeJJeHHll, nOCKOJibKY HeKOTOpble HJ 3THX 3JieMeHTOB 
liWiliiOTCll K3HUeporeHaMH . 

Pa6oTa BbmOnHeHa B Jla6opaTopHH HeiiTpOHHOii ¢lHJHKH HM H.M .<l>paHKa 0115111 . 

All industrial production, as is well known, is connected with risk to the environment 
and human health. The significant increase in the industrial production of the world during 
the last decades caused further deterioration of the ecological situation in some regions of 
the globe. Investigations in the field of environmental protec tion are presently being 
performed in many countries by different physical-chemical and nuclear-related methods. 
The objective of this investigation, achieved jointly with ecologi ts from the Kola Science 
Centre of the Institute of North Industrial Ecology Problems (Apatity, Russia), was to 
obtain data on the concentrations of different chemical elements in soils and pine-needles 
in several industrial regions of the Kola Peninsula (Murmansk region) with the use of 
neutron activation analysis (NAA). 
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Several large mining and colour metallurgy concerns are situated in the Murmansk 
region, where extraction, recovery, and enrichment of copper-nickel, ferriferous, and 
apatite-nepheline ores are being done. Colour metals, such as Ni, Co, Cu, and AI, are 
produced in Monchegorsk, Nikel and Kandalaksha. As a result of this long and intensive 
production, the environment near these industrial cities is contaminated with different 
chemical elements and their compounds. For example, in extracted nickel-sulfide ores, 
besides Ni, Co, and Cu, amounts of S, Se, Te, Rh, Pd, Pt, Au, etc., are also present. In 
ferriferous ores, Fe, Cr, P, Mn, Zn, and As are present. Smelting of Ni, Co, and Cu leads 
to the pollution of atmospheric air by these and other elements, and also by such toxic 
combinations as S0

2
, CO, Ni(C0)4 (tetracarbonyl), and often As20

3
. During the process of 

mica extraction, which is also being done in the Murmansk region, mainly by surface 
extraction methods, the environment is contaminated by Na, Ca, Ba, Rb, Cs, Be, B, Sn, Nb, 
Ta, Ti, Mo, W, U, Th, Y, and Bi contained in the ores. 

1. Experimental 

Samples of pine-needles and soils were received from the Kola Science Centre. They 
were collected in the autumn of 1992 at 15 geographical points in the Murmansk region 
(Kola Peninsula, Russia): in Monchegorsk and in the suburbs of Nikel (points 1-2 and 
7-14, respectively) in which large mining industry and colour metallurgy concerns are 
situated. These points correspond to the more contaminated regions of the Kola Peninsula. 
In order to have the possibility of making a comparison with cleaner regions, some of the 
samples were selected in less contaminated regions, namely, to the south-west of Monche­
gorsk, near Eno and Kovdor (points S-6). At each point approximately 6-15 samples of 
pine-needles and soil were selected. All genetic horizons in each soil profile were selected 
separately. But in this work, we will discuss only the results obtained for superficial soils 
and for year-old pine needles. The sample preparation procedure is described in detail in 
book [1]. 

Concentrations of elements in dry samples were obtained with the use of thermal and 
epithermal neutron activation analysis at the IBR-2 reactor of the Joint Institute for Nuclear 
Research (JINR, Dubna, Russia). For determination of short-lived nuclides, a pneumatic 
system with a transport time from the irradiation position to the measurement site of 10--
15 seconds was used. This kind of analysis was used for determining AI, V, Mn, As, Mo, 
etc. The main part of the obtained data on heavy metals and rare-earth elements was deter­
mined by using middle- and long-lived nuclides. Gamma spectrometry of irradiated samples 
was performed by using Ge(Li) detectors calibrated with standard gamma-sources. Ele­
mental concentrations were determinated by comparison with Standard Reference Materials 
(SD-M-2ffM) and by absolute calculations. Data were processed by programs developed at 
JINR. Interferences in the gamma spectrometry were partially avoided during processing by 
the choice of interference-free photo-peaks. If it was needed, contributions of interfering 
reactions were accounted for. 
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2. Results and Discussion 

On the basis of the concentrations of elements obtained in individual samples of soils 
and pine-needles, we calculated the average concentrations of elements and their confidence 
intervals for each geographical point. We analysed the distributions of the average concen­
trations for each element in pine-needles and soils versus the number of geographical point 
where the samples were selected. This procedure allowed us to observe correlations in the 
behaviour of elemental concentrations between soils l).nd pine-needles and to see where the 
sources of environmental contamination are situated (see the figure). 

For most of the elements one can see clearly visible peak (geographical points 1-2) 
belonging to Monchegorsk, where the Ni and Co production concern is situated. The second 
source, visible only for some elements such as Ni, Cr, and Co, corresponds to Nikel (points 
8-14) where the concern for enrichment of nickel-sulfide ores and on there-smelting of 
metallic Ni is situated. We do not see a clearly visible peak at points 8-14 for these 
elements. We observe only an increase of concentration levels, because points 8-14 cor­
respond to the suburbs of Nikel and are disposed close. to one anoth~r. The concentrations 
of Ni, Cr, and Co at these points are higher in comparison with the less contaminated 
geographical points 3-7 (situated south-west of Monchegorsk) where a clearly visible 
minimum is seen. 

Monchegorsk is seen as a source of Ni, Co, Fe, Cr, Sc, Ag, Sb, Sn, Mo, Se, etc., 
contamination. Ratios of maximal ( points 1-2) to minimal (points 3-7) concentrations 
for some elements in soils are close to a factor of 10 or more. Obvious correlations in the 
distributions of Ni, Co, Cr, Ag, Sb, Se, Fe, and Mo concentrations versus the geographical 
point number in pine-needles and soils reliably confirm the fact we actually see as the 
sources of environmental contamination. It would be interesting to concentrate our further 
analysis of the obtained data in order to get an answer to the question: are the visible 
concentrations of elements in the vicinity of Monchegorsk sufficiently hazardous for the 
environment and the health of the neighbouring population. In trying to get answer to this 
question, we are faced with the difficulty caused by the following circumstance. The form 
of our samples (pine-needle and soils) does not allow us to directly connect the obtained 
data with any control or critical levels of elements in the human organism. Therefore, we 
can make only an indirect estimate of possible hazards of the actual elemental concen­
trations to the environment and human health. 

Literary data on the averaged concentrations of different elements in superficial soils 
[2-6] are presented in the first column of Table 1. We compare them with concentrations 
of elements in Kola soils. Maximal and minimal concentrations of elements with their 
confidence intervals in percents are presented in columns 2 and 3. Ratios of maximal to 
minimal concentrations of elements in Kola soil and ratios of maximal concentrations in 
Kola soil to literary data for soils are also shown in columns 4 and 5. Ratios significantly 
exceeding the unit for Ni, Co, Cr, Se, Mo, Ag, Sn, etc., may be considered as an indication 
of technogenic contamination of the superficial soils. 

The natural abundances of some elements in soils are high. Therefore, technogenic 
additions to them in soils may be barely visible in comparison with their natural 
abundances. In these cases, data on elemental concentrations in pine-needles are especially 
important. It is also favourable to use some additional data for pine-needles from another 
clean region of Russia to compare with data on Kola pine-needles. Such data for pine­
needles from the Tver region (close to Moscow) we obtained ourselves. Elemental 
concentrations with confidence intervals in percents for the Tver pine-needles are presented 
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Distributions of elemental concentrations for Kola soil and pine-needle samples (upper and lower 
curves, respectively) versus th~ number of the geographical point 

in column 1 of Table 2. Analysis of maximal elemental concentrations in Kola pine-needles 

(column 2) has shown that higher concentrations of Sc, Cr, Fe, Co, Ni, Se, As, Sr, Mo, Ag, 

Cd, Sn, Sb, Ba, Cs, La, Ce, Sm, Tb, Ta, and W are observed as compared with Tver 

pine-needles. 



Peresedov V.F. et al. Neutron Activation Analysis 55 

Table 1. Concentrations of elements (ppm) in soils of the Kola Peninsula 

Literary Kola Kola Ratio Ratio Toxic for Contaminated 
data Maximal Minimal (2/3) (2/1) plants soils 
l(ppm) (ppm) (ppm) [(ppm) [(ppm) 

I 2 3 4 5 6 7 

Na 17700[6] 18700 (20) 4810 (54) 3.9 1.1 

Mg 8600[6] 51400 (17) 3560 (68) 14 6 

AI 71100[2] 67120 (31) 6480 (67) 10 0.95 

Cl 166[6] 1850 (25) 313 (38) 6 II 

K 26200[6] 16200 (15) 6310 (27) 2.6 0.6 

Sc 9.1 [3] 18.8 (28) 0.76 (16) 25 2.1 

Ti 35000[3] 46800 (55) 2730 (90) 17 1.4 

v 90[2] 155 (29) 23 (44) 6.7 1.7 5Q...-.:100 

Cr 70[2] 316 (29) 8.7 (26) 3.6 4.5 60-600 

Mn 1000[2] 1034 (28) 204 (15) 5 I >2200 
~ 

Fe 25100[3] 45000 (21) 2750 (21) 18 1.8 

Co 8[2] 96.6 (49) 3.6 (50) 27 12.1 10-500 

Ni 50[2] 2380 (22) 43.6 (28) 55 48 26-5000 

Zn 90[2] 114 (43) 44.7 (15) 2.6 1.3 150-4500 

Se 0.37[3] 4.6 (50) 0.7 (38) 6.8 12.4 

As 8.3[3] 13.1 (21) 1.2 (25) II 1.6 15-1000 10-20000 

Rb 50-98[4] 24.5 (30) 4.6 (74) 5.4 <0.5 

Sr 250[2] 415 (41) 60 (18) 7 1.7 

Zr 224[3] 336 (46) 24.2 (16) 14 ° 1.5 

Mo 1.0[2] 7.9 (50) 0.64 (20) 12.3 7.9 

Ag 0.05[2] 1.16 (30) 0.16 (44) 7.4 23 

Sn 4[2] 437 (26) 4.4 (74) 100 110 >60 

Sb 1[2] 1.8 (10) 0.26 (24) 7 1.8 2-200 

Ba 220[3] 324 (23) 67.6 (20) 4.8 1.5 

Cs 0.3-5[3] 1.85 (72) 0.35 (65) 5.4 <6.2 

La 2.8[5] 16.6 (49) 2 (27) 8.5 5.9 

Ce 5.5[5] 44.7 (54) 4.9 (45) 9 8 

Nd 2.4[5] 30 (28) 2.4 (20) 12.5 12.5 

Sm 0.43[5] 1.24 (62) 0.6 (38) 2.1 2.9 

Eu 0.083[5] 0.52 (23) 0.08 (20) 6.4 6.3 
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Literary Kola Kola Ratio Ratio Toxic for Contaminated 
data Maximal Minimal (2/3) (211) plants soils 
(ppm) (ppm) (ppm) (ppm) (ppm) 

I 2 3 4 5 6 7 

Th 0.08[5] 0.24 (59) 0.037 (45) 6.5 3 

Yb 0.2[5] 0.83 (40) 0.09 (35) 8.9 4.2 

Hf 2.4 (37) 0.35 (10) 6.9 

Ta 3.45 (45) O.Q7 (25) 48 

w 0.7-3[3] 6.3 (10) 1.5 (22) 4.3 <9 

lr 0.024 (32) 0.001 (44) 20 

Th 3-10[3] 5.5 (74) 0.28 (10) 19 < 1.8 0.4-21 

u 2.0[2] 1.9 (23) 0.13 (15) 15 .5 I 0.1-11 

Table 2. Connections of elements in pine-needles (ppm) of the Kola Peninsula 

Tver Kola Kola Ratio Ratio Normal Toxic in Cereal 
Average Maximal Minimal (2/3) (2/1) in Plants Plants Graints 
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

I 2 3 4 5 6 7 8 

Na 14 (64) 325 (19) 71 (25) 4.6 23 

Mg 785 (19) 1850 (15) 870(14) 2 2.4 

AI 148 (46) 284 (50 58 (33) 5 2 

Cl 177 (28) 590 (16) 180 (26) 3 3 

K 2830 (33) 12900 (1 5) 6220 (29) 2 4.6 

Sc 0.013 (30) 0.25 (40) 0.035 (60) 7 19 0.005-0.7 

Cr <0.1 16.5 (23) 0.14 (18) 118 > 160 0.002-0.5 4-30 

v <I 3.8 (44) 0.65 (75) 6 > 3.8 

Mn 234 (51) 760 (10) 210(27) 3.6 3.2 

Fe 55 (43) 1270 (59) 36 (20) 35 23 18-1000 25-80 

Co 0.039 (89) 22.7 (26) 0.16 (15) 140 580 0.1-20 20-50 4-20 

Ni 2.4 (70) 126(18) 8.3 (48) 15 53 0.1-5 10-100 0.2-0.6 

Zn 33 (36) 44 (20) 19 (12) 2 1.3 1-70 70-400 22-33 

Se <0.02 1.46 (33) 0.063 (30) 23 >70 0.01-0.5 0.8-22 0.02-0.5 

As <0.01 16 (38) 0.7 (56) 23 > 1600 0.01-1.7 2-20 0.05 



Peresedov V.F. et al. Neutron Activation Analysis 

Tver Kola Kola Ratio Ratio Nonnal in Toxic in Cereal 
Average Maximal Minimal (2/3) (2/1) Plants Plants (ppm) Grains 
(ppm) (ppm) !(ppm) ~m~ ~m~ 

I 2 3 4 5 6 7 8 

Rb 21 (76) 74 (31) 17 (40) 4.4 3.5 2-50 4 

Sr 3.4 (12) 25 (29) 6.1 (24) 4 7.3 1-150 > 600 0.5-2 

Mo <0.4 5.4 (33) 0.72 (49) 7.5 > 13 0.3-2 2-10 0.2-0.6 

Ag 0.03 (23) 0.38 (22) 0.007 (47) 54 12 <0.5 5-10 

Cd <0.03 0.17 (37) 0.039 (52) 4.4 >5.6 0.01-0.3 5-30 0.01-0.2 

Sn <0.7 25 (31) 1.8 (17) 14 > 35 0.2-60 5-8 

Sb 0.033 (42) 0.3 (37) 0.041 (67) 7.3 9 <0.05 > 0.15 0.002 

Ba 1.2 (58) 13 (38) 1.1 ( 44) 12 II 1-75 >500 4-6 

Cs 0.08 (91) 1.1 (51) 0.039 (37) 28 14 0.06-0.2 

La <0.01 0.73 (20) 0.017 (28) 43 >70 0.003-1 

Ce <0.09 0.8 (18) 0.029 (49) 28 >9 0.002-1 

Nd <0.2 0.54 (23) 0.063 (86) 8.6 >2.7 0.01-3 

Sm <0.001 0.086 (48) 0.0034 (30) 25 > 86 0.002-0. 

Eu 0.024 (66) 0.033 (23) 0.0012 (33) 28 1.4 < 0.17 

Tb < 0.003 0.014 (32) 0.0012 (47) 12 >4.6 < 0.12 

Yb 0.03 (60) 0.011 (35) 0.0032 (40) 2.9 0.36 0.001-0.9 

Hf 0.34 (67) 0.047 (15) 0.0038 (80) 12 0.14 0.01-0.4 

Ta 0.0015 (40) 0.032 (72) 0.0084 (24) 4 21 < 0.006 

w <0.02 5.2 (19) 0.34 (18) 15 >260 < 0.35 >3 

Ir <0.001 0.0036 (37) 0.0014 (33) 2.6 >3.6 <0.02 

Th 0.07 (12) 0.064 (41) 0.028 (54) 2.3 0.87 <0.02 

u < 0.004 0.01 (24) 0.0057 (38) 1.8 > 2.5 <0.07 

Comparison of higher elemental concentrations in pine-needles with normal and toxic 
concentrations in plants (columns 6, 7) shows that the maximal concentrations of Cr, Co, 
Ni, Se, As, Mo, Sb, and W are inside the interval of toxicity in plants. It is appropriate to 
compare the concentrations of these elements with their concentr tions in an important food 
product - cereal grains (Table 2, column 8). In this case, we also see that concentrations 
of Fe, Ni, As, Rb, Mo, and Sb are significantly higher. The high concentration of some 
elements in pine-needles and in soils testifies indirectly about the level of the concentrations 
in the atmospheric air. Some of these elements and their combinations are toxic and 
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carcinogenic. We do not discuss here the negative role of such chemical combinations as 
CO, S0

2
, and As

2
0

3 
that can also be released into the air during the production of colour 

metals. We will note here the peculiarities of the influence of only two hazardous elements 
on the human organism. 

Nickel. Its maximal concentration in investigated Kol~ pine-needles ("' 130 ppm) is 
approximately 25 times higher than the upper level (5 ppm) of the interval for normal 
concentrations of Ni in plants. Possibly in this region, Ni (a strong carcinogen and allergen) 
transfers partially as air-borne, highly toxic tetracarbonyl, because Ni is produced using the 
process of carbonylization. As is known, tetracarbonyl is easily absorbed by the lungs and 
breaks down their defensive mechanisms, causing lung diseases and also cancer of the nose 
cavity and lungs. 

Chromium. The maximal observed concentration of Cr in pine-needles ("' 17 ppm) is 
approximately 30 times higher than the upper level of the interval for normal concentrations 
in plants. Chromium is also a toxic and carcinogenic element. Its abundance causes neph­
ritis and adverse effects of the respiratory system - from changes in lung dynamics to 
cancer. 

3 . Conclusions 

From the above, it is clear that the excess abundance of toxic and carcinogenic ele­
ments, such as Ni and Cr, creates a premise for the increase in serious illnesses. Concen­
tration levels of some elements in Kola pine-needles are significantly higher than those, for 
example, in the Tver region. This allows one to speak about the ill-disposed ecological 
situation for the population living near the power smelting plants in Monchegorsk and 
Nikel. 

The authors are grateful to their collaborators from the Kola Science Centre of the 
Institute of North Ecology Problems, to Prof. V.V .Nikonov for samples and to the colla­
borators from the Frank Laboratory of Neutron Physics, M.V.Frontasyeva, V.M.Nazarov, 
S.B.Borzakov, and S.S:Pavlov, for t~eir help in the project. 
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The results of a study of the properties of the extremely neutron-rich nuclei of light 
elements with N = 20 are presented. These nuclei were produced by projectile fragmentation 

of a 36S (78A MeV) beam on a 181 Ta target. The reaction fragments were analyzed by the LISE 
spectrometer at GANIL on a base of measuring the magnetic rigidity, time-of-flight, energy 

loss and total kinetic energy. The evidence of particle unstability of 280 was obtained. The 
study of beta-delayed decay of nuclei near neutron closure N = 20 was performed. The first 

measurement of T112 values for 27•2~. 30Ne are presented. 

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR. 

lloucK 280 u ucCJie.l(ouauue caoH:cru 
ueH:Tpouuo-u36biTO'IHLIX JI.I(ep a6JIH3H N = 20 

Tapacos 0. u op. 

flpeLtCTaBJlliiOTCJI pe3yflbTaTbl HCCflel{OBaHHH CBOHCTB Jlltep Ha rpaHII I.Ie CTa6HnbHOCTH B 06-
naCTH 3aMKHyroii HeiirpoHHoii o6ono'-IKH N = 20. HccneaosaHHJI npos aunuc& Ha cneKrpoMeT­

pe LISE B GANIL c ucnon&30BaHHeM nepBH'-IHOro nY"'Ka HOHOB 36S c ::meprneii 78 MaB/HyK­
noH. HaeHTH!fJHKai.IHJI !flparMeHTOB B3aHMOLteHCTBHJI llY4Ka C TaHTanOBOH MHWeHbiO ocymecT­
BnJinaCb Ha OCHOBe H3MepeHHH MantHTHOH JKeCTKOCTH, BpeMeHH nponeTa, llOTepb H llOflHOH 
aHeprHH. BnepB&Ie npHBOltJITCJI 3KcnepHMeHTanbHbte CBHLteTen&CTBa HecTa6un&HOCTH Jlltpa 
280 . flpHBOltJITCSI TaKJKe pe3yn&TaTbl HCCfleltOBaHHSI CBOHCTB pacnaaa SIL{ep B6nH3H HeiiTpOHHOH 

o6ono'-!KH N = 20. BnepB&Ie nposeueH&I H3MepeHHSI nepuoaos pacnaaa 27 ·2~. 30Ne. 
Pa6oTa BblllOnHeHa B Jia6opaTOpHH JlltepHblX peaKI.IHH HM . f .H.<l>nepoBa 01-UlH. 
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I . Introduction 

The study of the properties of extremely neutron-rich nuclei of light elements is 
considered an important and interesting modern research topic in nuclear physics. The 
interest in this field has been stimulated by the intriguing phenomena of nuclei near the 
neutron drip-line, such as «skin>> or «halo>> structures. Thus the synthesis and investigation 
of the properties of the extremely neutron rich isotopes of the lightest elements is of con­
siderable interest both for locating . the neutron drip-line and for testing various theories 
describing exotic nuclei . 

One of the problems s which nuclear reaction can be used to reach the neutron drip­
line. In the sense of the highest production rates of exotic nuclei, fragmentation reactions 
at energies above 30 MeV/A is one of the most effective methods. Moreover, the highest 
rates for neutron-rich products have been observed in the case of fragmentation of neutron-

rich primary beam [I] . The merits of using of a 48Ca-beam in this experiment have been 
shown when more than 10 neutron-rich nuclei had been synthesized for the first time. It 
was stressed that some of new neutron-rich isotopes produced had a neutron number larger 
than that of the projectile, the pick-up of some neutrons from target to fragments could be 
responsible for production of fragments with neutron number larger than 28 . 

The heaviest e~perimentally known oxygen isotope is 240, while 260 has been found 

to be unbound [I] . Most of the theoretical models predict 260 to be bound and 280 unbound 

even though it is a double-magic nucleus. The last attempt [2] to synthesize 260 by 

fragmentation of a 92 MeV I A 40 Ar has confirmed the nuclear instability of neutron-rich 
oxygen isotope. 

The other interesting aspect of this range of nuclei is the deformation phenomenon 
observed close to N = 20 in the Ne-Al region. The compact spherical shapes predicted to 
appear close to the mag_ic numbers m!ly be substituted by some other deformed equilibrium 

configurations. It was shown [3] that for 3~a. which has one neutron hole with respect to 
the N = 20 shell closure, the nuclear potential has two minima one at p = 0 and another at 
P = 0.35. As the neutron number increases the main equilibrium configuration for the Na 
isotopes becomes that at P = 0.35 . The deformation of this neutron number region could 
also result as the appearance of isomeric states of extremely neutron-rich oxygen, neon and 
sodium isotopes. Such effects may influence the decay properties of these nuclei, for 
example half-life, neutron emission probability, and as already observed in some cases, 
masses and mean square radii . 

The aim of the present paper is the search for particle stable nuclei around the neutron 

shell closure N = 20 (mainly, 28
0) and also the study of P-decay of the nuclei in this region. 

The fragmentation of an intense beam of a very neutron-rich 36s has been chosen to 
produce these extremely neutron-rich nuclei . 

2. Experimental Se t-Up 

The search for nuclei near the neutron drip line which are expected to have a very low 
production yields was carried out at GANIL using the LISE spectrometer [4] collecting 
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projectile-like fragments at 0 degree by a two-dipole system. The attempt to synthesize the 
28

0 nuclei was performed using fragmentation of a 36S (7 .1 MeV I A) at the highest 

available intensity. The use of 36s should enable one to obtain the higher production rate 

of the neutron-rich isotopes near the drip-line with N = 20 than has been reached in former 

experiments [ 1 ,2]. Another advantage was obtained by the use of an increased magnetic 

rigidity (up to 4.3 Tm) available after the upgrading of the first dipole of the LISE 
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spectrometer. As a result, the production yield of the neutron-rich isotopes in the region of 

interest has been increased in comparison with that of a 48Ca b am by a factor of 50 [ 1]. 
The lay-out of the spectrometer and detector system is give in Figure 1. To obtain the 

optimal setting of the LISE spectrometer, measurements of the momentum distribution of 
all isotopes in the region of interest were performed. The D3 telescope was used for 
analysis of the reaction products after the first dipole. The final analysis was performed 
using the five-stage semiconductor telescope D4 after the beam hasbeen filtered with the 
second dipole magnet. The telescope was mounted in a vacuum chamber at the achromatic 
focal point of LISE and consisted of three planar surface barrier Si detectors with 
thicknesses 300 jlm, 300 jlm, 500 jlm and two 5 mm thick Si(Li) detectors. Time of flight 
of the fragments was measured with respect to the radio frequency signal from the 
cyclotron. 

The first detectors allowed independent Z determination, the masses were obtained 
either from the total energy and the time of flight, or from the magnetic rigidity and the 
time of flight. The thickness of the telescope was chosen so that fragments in the region of 
oxygen and neon should stop in the first 5 mm thick Si(Li) detector. A position sensitive 
Si detector was located in the telescope to perform the spatial analysis of the secondary 
beam. 

The signal from each of the thick Si(Li) detectors was separated into two signals: one 
for residual energy measurements and another for ~-particle detection after the decay of a 
stopped ion. The data acquisition was triggered by the third detector as well as by ~-particle 
detectors . Each event was writted to tape with time of arriving . 

The implantation detectors were surrounded by 3He neutron counters and a 70% HPGe 
detector for measuring of ~n and ~y coincidences from the decay and ·a search for 

. d . . f . 32Aim m1crosecon 1somenc states, or mstance . 
To optimize the setting of the LISE spectrometer the momentum distributions of all 

isotopes in the region of N = 20 were carefully measured. The beam line tuning was con-

trolled by the position-sensitive Si-detector. The spectrometer was set to center the 280 in 
the Si-telescope. For this purpose the position-sensitive detector was inserted before the 
telescope. On the bi-dimensional spectrum (Figure 2) of the horizontal coordinate versus 
Z-value is shown. A horizontal projection of this spectra is in good agreement with 
computer simulation [5] of horizontal images in the focal point (one-dimensional spectra on 
this figure). 

An optimization of the targets (Be, C, Ni, Ta) and measurements of momentum 
distribution of all fragments with N = 20 were undertaken for the best setting of the LISE 

spectrometer for 280 . It was found that Ta target had produced the highest rates of the 
neutron-rich nuclei in agreement with earlier experiments. 

3. Results 

3.1. Study of the stability of 280 . An example of measured Z versus A / Q matrix is 
given in Figure 3. A solid line is drawing through nuclei with N = 20. This spectrum was 
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obtained in the 53-hours 
measurement with an average 
beam intensity of 800 enA. 

The heaviest known isotope of 
29F is clearly visible, finally it 
has accumulated 519 events of 

this nuclide. No events corres-

ponding to 260 'and 280 have 

been obtained. 
Figure 4 shows the expe­

rimentally measured yields of 
light exotic nuclei with 
N = 20 versus their Z-values. 
According to the estimation 
given by the modified formula 
of Summerer et al. [6] (solid 
curve) one could expect about 
II events corresponding to 
280. The vertical arrow gives 
the counting rate for the ob­
servation of one event. The 
preliminary results of this in­
·vestigation point to the par-

ticle instability of 280 isotope 

as well as for 260. An upper 
limit for the cross section of 
the oxygen isotopes and some 
information about the stability 
and properties of nuclei near 
the closed shells N = 20 
(27,2~. 24,26.28o·, 30Ne) could 

be also extracted from the 
data. 

Thus the present experiment gives first evidence on the particle instability of 280. 

3.2. P-Deca.\' of Nuclei near Neutron Closure N = 20. Our experiment also gives an 

opportunity to study the P-decay of neutron-rich nuclei with magic neutron number 

N = 20. The first measurements of T
1 12 

values for 27 ·2~. 30Ne are presented. Additionally, 

the cases of 28 · 2~e. 30·31 Na are reexamined. The experimental curves of half-life measure­

ment for 30Ne and 31 Na are shown in Figure 5. Further data analysis and comparisons of 

presented data with various theories such as the gross theory [7] or QRPA [8] are in 

progress. The result of the study of 32 AI"' isomeric state is given elsewhere [II). 
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Table 

A, Z This work Reference 

T1 n [ms] 6.T1 ; 2 T1 ;2 [ms] 6.T1 ;2 

27F 5.1 
I 

0.9 

29F 2.4 0.8 

28Ne 21 5 17191 I 4 

29Ne 15 3 200191 I 100 

30Ne I 7 

I 
2 

JON a 4H 

I 

5 5011 01 I 3 

31 Na I H 2 171101 I 0.4 
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The results of a RIKEN-JINR collaboration experiment on search for new Ne, Na, Mg, AI 
isotopes close to the neutron drip line are presented. We found for the first time three new 

neutron-rich nuclei 38Mg and 40·41 AI. Some clue for particle unstab ility of 33Ne was also 

obtained. These nuclei were produced by the projectile fragmentatio of a 70A MeV 48Ca 

beam on a 181 Ta target. The reaction fragments were analysed by the fragment separator RIPS 
at RIKEN, and were unambiguously identified by measuring the magnetic rigidity, time-of­
flight, energy loss and total kinetic energy. 

HcCJie,IJ.OBauue cTa6HJ1bHOCTH 

HeHTpOHHO·H36biTOqHbiX .H,IJ.ep 

C HCUOJ1b30B3HHeM nyqKa 
48

Ca (70A M:;,B) 

X. CaKypau u op. 
OpHBOJlliTCll peJyJJbTaTbi cosMeCTHOro PHKEH-OIUIH 3KcnepHMeHTa no HcCJJeaosaHHIO 

CTa6HJJbHOCTH HeHTpOHHO-H36biTO'IHbiX liJlep. 8 nepBble 06HapyJKeHa CTa6HJJbHOCTb liJlep 38Mg 

H 40,4l AI. 00JJY4eHbl TaKJKe HeKOTOpble CBHJleTeJJbCTBa 0 liJlepHOH HeCTa6HJibHOCTH 33Ne. 
3KcnepuMeHT nposoaHJJCll Ha ycKopHTeJJbHOM KOMnJJeKce PHKEH c cnoJJbJOBaHHeM nY4Ka 

HOHOB 48Ca (70A M38) Ha !jlparMeHT-cenapaTOpe RIPS . OpOilYKTbi JaHMoaei-iCTBHll HOHOB 
48Ca C TaHTaJJOBOH MHllleHbiO nOCJie cenapaUHH HJleHTH$HUHpDBaJJHCb Ha OCHOBe H3MepeHHH 
MafHHTHOii JKeCTKOCTH, speMeHH npoJJeTa, OOTepb H OOJIHOH KHHeTH'IeCKOH 3HeprnH. 

*On leave from Institute de Physique Nucleaire, Orsay, France. 
1Institute of Physical and Chemical Research (RIKEN), 2-1 Hirosawa, Wako, Saitama 351-01, Japan. 
2Department of Physics, School of Science, University of Tokyo, 7-3-1 Hongo Bunkyo-ku, Tokyo 113, Japan. 
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1. Introduction 

The location of the neutron drip line and the particle stability of nuclei can be used for 
testing the various mass predictions. and may give clues concerning characteristic structures 
of exotic nuclei . At present, no experimental evidence on the neutron drip line for Z ~ 10 
has been shown. In the region of I 0 :5: Z :5: 13, the most neutron-rich nuclei observed so far 

are 32Ne [1]. 35Na [2], 37Mg [3] and 39Ai [4]. 
This paper describes the results of an experiment to synthesize and observe extremely 

new neutron-rich nuclei in the region lO :5: Z :5 13. Such productions and observations have 

been made possible by the combination of a high-energy, rare-isotope beam of 48Ca and the 
Riken Projectile Fragment Separator (RIPS) [5] at RIKEN. The RIPS has a large momen­
tum acceptance (6%) and solid angle (5 msr), as well as a maximum rigidity of 5.76 Tm. 
Those performances afford a high productivity of neutron-rich nuclei produced in the pro­
jectile fragmentation reaction. The first attempt at the RIPS was made by using an 80A MeV 
50-ri beam reacting a 181Ta target, and two new neutron-rich nuclei 31 Ne and 37Mg were 

produced and observed [3]. Compared with the 50-ri beam, a 48Ca beam is expected to 
provide 1-2 orders of magnitude higher production cross sections for the extremely neu-

tron-rich nuclei. Thus, we performed the experiment by using a 70A MeV 48Ca beam. Here 

we report on the first production and identification of three new neutron-rich nuclei 38Mg 

and 40.41AI as a result of this experiment. 

2. Experimental Set-Up 

The 65% enriched 48Ca oxide powder was used to produce the 48Ca ions at the ECR 

source of the A VF cyr;lotron . The 4
•
8Ca beam accelerated at the A VF and ring cyclotron 

reacted with a 181Ta target, 400 .mg/cm2 thick. The thickness was chosen according to a 
theoretical estimation in which the INTENSITY code of Ref.[6] was used to predict the 
secondary beam intensities. The production rates for A /Z- 3.4 nuclei for the given accep­
tance of the RIPS spectrometer were optimized. 

The reaction fragmen ts were collected and analysed with the RIPS spectrometer opera­
ted in the achromatic mode [5] . Figure I shows a schematic layout of RIPS . Taking into 
account the energy loss in the target for both the beam and fragments with A/ Z- 3.2, the 
magnet rigidity of the RIPS spectrometer was set to be 3.438 Tm. The experimental method 
used to identify very neutron-rich nuclei is similar to that used at GANIL and MSU [1,3,7]. 
Particle identification was performed event-by-event by measuring the magnetic rigidity 
(BP), time-of-flight (TOF). energy loss (M:} and total kinetic energy (TKE). 

The positions of the fragments •at the momentum dispersive focal plane (F1) were 
measured using a parallel plate avalanche chamber (PPAC) in order to determine the BP 

value (see Figure 1 ). The sensitive area of the PPAC was 15 cm(W) x 10 cm(H), Jhich 
covered a full rigidity acceptance of RIPS (6%). Position measurements by two independent 
x-projective cathodes of the PPAC helped to reject spurious position information caused by 
the 0-rays. 
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Plastic 1 mmt 

Fig. I. Experimental set-up for the production and identification of new neutron rich isotopes at the 
RIKEN-RIPS spectrometer 

All of the other detectors were located at the final focal point (F3), involving a 0.5 mm 
thick plastic scintillation counter (PL), a four-element silicon-detector telescope and an 
1 mm thick plastic scintillation veto cout:tter. The TOF of a fragm ent over the 27.5 m flight 
path between the target and F3 was determined from the PL timing and RF signal of the 
cyclotron. The silicon telescope consisted of two 0.5 mm thick surface-barrier-type silicon 
detectors, and 3 mm and 4 .2 mm thick lithium-drift silicon detectors. This configuration 
provided two or three independent t1E measurements and all the ilicon detectors combined 
provided a TKE measurement. The veto counter was used for rejecting events piled up due 
to light fragments . 

The measured values of BP , TOF. t1E and TKE were combined to give redundant 

particle identifications for obtaining the proton number (Z), charge (Q) and mass number 
(A) of the fragment, as described in Ref.[3,7,8] . It is probable that those fragments which 
were not fully ionized were subject to being mis-identified as more neutron-rich nuclei . 
Hence, we employed selectively fully stripped fragments . 

3 . Results and Discussion 

Figure 2 shows a two-dimensional plot, A I Z versus Z. The result was obtained from 
the data accumulated for one day with an average beam intensi ty of - 2 pnA. Significant 

numbers of events were observed for new isotopes, 38Mg (18 eve ts), 40 AI (34 events), and 
41 AI (4 events). 
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Fig.2. Two-di mensional A/ Z versus Z plot. which was obtained in the 

reaction of the 48Ca beam at 70A MeV on a 400 mg/cm2 tantalum target 
during a 1-day run with a magnetic rigidity of 3.438 Tm of the RIPS 

spectrometer The 38M g. 40 AI. and 41 AI isotopes are clearly visible 

Table 1 One- and two-neutron separation energy in MeV 
of the new neutron-rich nuclei predicted by different mass formulae; 

MMST, Moller et al. [9]; CKZ, Comay-Kelson-Zidon [10]; 
TUYY, Tachibana et al. [11]; JM, Janecke-Masson [12]; 

and MNMS, Moller et al. [13] 

MMST CKZ TUYY JM MNMS 

sin s sin S, sin s2n sin Szn Sin Szn 2n .n 

1.90 3.06 2.91 2.87 3.34 3.95 2.76 2.53 2.89 2.56 

1.12 3.44 1.30 4.48 1.50 5.11 1.43 4.50 -0.02 3.17 

2.99 4.11 3.11 4.41 3.12 4.62 3.09 4.52 5.79 5.77 
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The particle stability found for 38Mg and 40
•
41AJ implies that their one- and two-neu­

tron separation energies (S1n and S2n) are positive. Tabulated in Table 1 are the predictions 

by different mass formulae; MMST, Moller et al. [9]; CKZ, Comay-Kelson- Zidon [10]; 
TUYY, Tachibana et al. [11] ; JM, Janecke-Masson [12]; and MNMS, Moller et al. [13]. 
All the above formulae except MNMS predict well the stability f three nuclei we found. 
Concerning only the particle stability, no exotic aspects are shown for the newly found 
nuclei. 

We observed about 2800 events of 30Ne, 90 events of 31 Ne, and 70 events of 32Ne, but 

no events associated with 33Ne. We took also the data with different BP settings, e.g., for 

A/ Z- 3.3, 3.4, and with a higher beam intensity up to 4 pnA, where no 33Ne events were 
observed, either. Further evaluations of these data sets may afford to deduce an expected 

yield of 33Ne, and to conclude that 33Ne is particle-unbound. 

It should be noted that a 64Ni target was also use~. concerning .target dependences of 

production cross sections for very neutron-rich nuclei [ 1,3,14]. The 64Ni target thickness 

was energy-loss equivalent to the 181Ta target. It was found that the 181Ta target is more 

preferable than 64Ni one to produce nuclei close to the neutron drip line in the range 

Ne-Mg. In addition, y-rays from the known isomeric states of 26Na and 32AJ were measured 
by means of two Ge detectors located near the silicon detectors, in order to deduce the 
isomer ratios . These information may give us clues for the prod ction mechanism of very 
neutron-rich nuclei. 

Here we compare the production yields of very neutron-rich fragments between the 
50Ti and 48Ca beams. The 5Dri beam with intensity of - 2 pnA provided, for example, 

4 events of 32Ne and 3 events of 37Mg during four days [3], whi le in the case of the 48ca 
beam with the similar intensity, we obtained during only one day about 70 and 30 events 

for 32Ne and 37Mg, respectively. Thus, the production cross secti ns of such very neutron­

rich nuclei with the 48Ca beam are 1- 2 orders of magnitude higher than with the 50Ti beam. 

This high productivity of 48Ca would allow us to perform me surements of beta-decay 
properties unknown for very neutron-rich nuclei. In near future, an oven-system [15] will 

be installed at the ECR source and proved to produce a more inte se and stable 48Ca beam. 
With such a development, we could extend the attempt to determine the neutron drip-line 
for Z ~ 10 nuclei. 

4 . Summary 

We produced and observed the new neutron-rich nuclei 38Mg and 40
,4

1AJ from the 

reaction 70A MeV 48Ca + 181Ta at the RIKEN-RIPS, by means of measuring the magnetic 
rigidity, time-of-flight, energy Joss and total kinetic energy. We obtained also a clue for 

particle instability of 33Ne. 
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