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KpamKue co00U¥!HUJI OHIIH N9 2/J9 )-93 

Y.[\K 537.6 11.2 

LEVEL DENSITY FLUCTUATIONS 
IN THE l D HEISENBERG MODEL1 

JINR Rapid Communications No.2{J9 )-93 

V.I.Inozemtsev, V.R.Manfredi2
, L.Salasnich3 

Spectral statistics are applied to study level density nuctuatlons in the 
S = I /2 quantum spin chains on a finite lattice under periodic boundary 
conditions. The use of P(s) and AJ statistical measures for selectina intearabie 
cases of spin exchanae interaction is discussed. 

T he investlaatlon has been performed at the Laboratory of Theoretical Phy­
sics, JINR and Universita di Padova, Italy . 

0 <imyKTyaU,HJIX OJIOTHOCTH pacnpeAeJJeHHSI ypoBHeH 
B OAHOMepHOH MOAeJIH feii3eH6epra 

B.M.HHoaeMu,es, B.P.MaH!I>peAH2, JI.CaJia3HH'I3 

B paoo-re H3Y'I&JOTCII craTHCTH'IecKHe caoACTB& cjlnyKTya~"" llJIOTHOCTH 
ypooHeii KB8HTOBbiX CHCTeN CnHHOB )/2 HB KOHe'IHOH peweTKe. 06cy>K,q&eTCII 
B03MOlKHOCTb npHMeHeHHII P(S) H AJ-pacnpeAeneHHH AJIII HCcneAOB8HHII BOn­
poe& 00 HHTerpHpyeNOCTH 3THX CHCTeN AJIII p8311H'IHbiX 4JopN OONeHHOro 
B38HMOAeHCTBHII . 

Pa6oT& ablnOJJHeHa a JlaoopaTopHH TeopeTH'IecKoii ci!H3HKH OH~H " a 
YHH&epcHTeTe naAYII, HT8JIHII. 

I. In t roduction 

The problem of finding integrable models is of current interest in stu­
dies of various classical and quantal many-body systems. It is generally be­
lieved [ l ) that the most distinct sign of complete integrability is the exist­
ence of an appropriate set {Ia} of integrals of motion in involution which can 

be used for dividing the whole phase space into subspaces with simple dyna­
mics. Apart from certain trivial examples, this procedure is extremely com­
plicated for quantum integrable systems since no quantum analog of clas­
sical liouville theorem has yet been proved. 

1This work has been partially supported by the Ministero dell'Universlta e della Ricerca 
Scientlfica e Tecnoloaica (MURST) . 

1Dipartlmento di Fisica dell"Universita di Padova and INFN Sezione di Padova, 351 31 Pa­
dova, Italy (permanent a dress) and Interdisciplinary Laboratory, SISSA, Trieste 

3Dipartlmento di Fisica deii'Universita di Fi renze and INFN Sezione dl Firenze, 50125 
Firenze, Italy 
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When a certain physical model is considered, other criteria are usually 
required to discover whether it is integrable or not due to the lack of general 
analytical methods of constructing the integrals {Ia }or proof of their absen-

ce. The formulation of these criteria based on numerical methods of inves­
tigation is relatively clear in classical mechanics (2 1. Indeed, many nonin­
tegrable classical systems show chaotic behavior marked by instability 
under variations of initial data and exponential divergence of nearby trajec­
tories whereas the motion of integrable systems is always confined to inva­
riant tori [3 1. 

In quantum mechanics one cannot apply the classical concepts and met­
hods directly since the notion of trajectory is absent. Nevertheless, many 
efforts have been made to establish the features of quantum systems which 
reflect the qualitative difference in the behavior of their classical counter­
parts 14-6 ). Many schematic models [7-9 I have shown that this diffe­
rence reveals itself in the properties of fluctuations in eigenvalue sequences. 
The spectral statistics for the systems with underlying chaotic behavior 
agree with the predictions of random matrix theory; by contra t, quantum 
analogs of classically integrable systems display the characteristics of Pois-
son distribution. · · 

This important observation leads us to hope that we maysel ct the cases 
of integrable quantum models or find arguments against integrability by 
analyzing their discrete spectra. 

In this note we attempt to investigate the quantum Heisenberg chains of 
S = 1/2 spins on a finite 1 D lattice by using two kinds of statis tics, the nea­
rest-neighbor spacing distribution P( s) and the measure of spectral rigidity 
!l3(L). Unlike previous studies 17-9 ), there is no classical counterpart of 

these systems at a fixed value of the spin. Hence they also enable us to check 
the universality of quantum criterium mentioned above which has a suffi­
ciently strong analytic support only in the semiclassical limit I I 0 J. 

However, as discussed in great detail in reference I 11 I there are some 
deviations for large value~ of L, in particular for !l3(L). These are related to 

a breakdown of universal when L becomes larger than a certai correlation 
length L . A semiclassical theory which accounts for these non-universal max . · 

departures has been developed by Berry I 11 I, on the basis of Gutzwiller's 
periodic orbit theory I 12). It not only gives tl:te same results as the statistical 
theories for L << Lmax' but also predicts the correct asymptotic behaviour for 

L » Lmax' where random matrix theories fail. For the spectral rigidity 

lliL) the semiclassical theory predicts asymptotic saturatio both in the 

regular and in the chaotic region. 
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2. T he Integrability Prolbem 
fo r the 1 D Heisenberg Model 

The magnetic properties of solids have long been studied by using the 
lattice hamiltonian [ 13 ] 

Hs = i h(j- l) [~ ~- i]' (1) 
<1,1 > 

where S. = -
2
1 (/.is 2x2 matrix of the spin operator located at a sitej, the sum 

I I 

runs over all pairs of sites <j,l > and the strength of spin interaction is given 
by exchange integrals {h(J)}. The set {h(J)} is usually chosen in such a way 
as to satisfy periodic boundary conditions and quantities like free energy 
should be calculated first for finite systems of N spins. The results of 
interest for physical applications are obtained in the thermodynamical limit 
as N- oo . 

The operators can be treated as 2N x 2N hermitian matrices with a com­
plicated structure defined by {h(J)}. The investigation of the possibilities of 
their analytical diagonalization began with H.Bethe's seminal paper [ 14] 
devoted to the eigenproblem for hamiltonian (1) in the case of nearest­
neighbor spin interaction, 

h(J) = J[c51j 1,1 + c51j I,N-1]- (2) 

Th~ solution can be descibed as follows. Let I 0 > be a ferromagnetic 
ground sta te with all spins aligned along z-axis, 

10>=~ (~) . · 
j=l I 

The whole space of the spin lattice states with the dimension 2N is easily 
divided into subspaces {QM} with basis vectors I n1 ... nM > of the form 

I n 1 .. • nM > = ( TI s;)l 0 > , 
/=1 I 

(3) 

where s; = skx- isky t~rns kth spin down and I s n1 < n2 . .• < nM s N .. 

The matrix of (1) is block diagonal since exchange interaction conserves the 
number of overturned spins M. The eigenstates are constructed as linear 
superpositions of (3), 
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(4) 

According to Bethe's empirical guess, the functions 1/J ( n 1 ... nM) are gi­

ven for the exchange (2) by symmetrized combinations of plane waves 

l exp [ i J 
1 
k!' 1 Jl· It shows that in this particular case there is no diffraction 

in the scattering of M simplest spin excitations. More than thirty years later 
it was interpreted as the presence of hidden symmetry. The commutative 
ring of N functionally independent operators, which includes the hamilto­
nian, was found within the framework of the transfer matrix method [ 15 ]. 

In the last few years much attention has been paid to the generalization 
of the Bethe result to cases of more complicated exchange. As has been 
claimed in [ 16 ], integrability might also take place for interaction of nearest 
and next-nearest spins given by 

h(l) = J [dljl,l + diji,N-1 +). (c51jl,2 + dljl,~-2) J (5) 

at arbitrary values of the coupling ;.. The arguments of the author of 
ref. [ 16 ], however, would seem to be quite insufficient. They were based 
only on the treatment of two spin waves analogously to usual two-particles 
scattering. The corresponding S matrix is, of course, scalar and obeys 
Yang- Baxter equations [ 15] but it does not guarantee the absence of dif­
fraction if the number of interacting spin waves exceeds two. So f r no ex­
plicit solution has been found even in the M = 3 sector at a certai nonzero 
value of;., neither has it been possible to construct examples of integrals of 
motion. The instability of properties of the ground state under variations of 
). found numerically in ( 17] would tend rather to indicate the no integra­
bility of the model. 

Another way to overcome the restriction to nearest-neighbor xchange 
(2) is connected with the remarkable analogy between 1/J ( n 1 ... n M) in ( 4) for 

the Bethe case and wave functions of theM-particle problem on a continuous 
line with pair interaction V(x) - d(x) ( 18 ). There are several integrable 

many-particle systems of that type [ 19] and the most general ones corres­

pond to the two-body elliptic potential V(x) - p (x), where p is 
wl , w2 wl , w2 

the Weierstrass elliptic function with two periods w 1 and i w2 (w 1, w2 E R) , 
9 



2 1 oo x-mw 
p (x) = (..::._) j--3 + L sinh (:JY 

1
) 

w l, w2 w2 m = -oo w2 r l
-2 

-2 f [sinh (:JY :wll]-2

). (6) 
m=O 2 

It has been proposed that precisely the same form of spin exchange 
leads to integrable models on a lD lattice if the real period of thep function 
coincides with the number of lattice sites [20 ), 

h(j) = J P N w (}) • 
• 2 

(7) 

As w 2 -+ 0, it gives the nearest-neighbor exchange (2) after proper re­

normaliza tion of the coupling J. The complete commutative ring of integrals 
of motion has not yet been constructed, but there are some examples of 
these operators, 

N 

I3(a) = L f .kfktfr (s . x sk x s1), j~k~/1 1 I 

N 
1i a ) = . L [~tftkfkm/mj + fj,/nlkfktfli] (5lk) (5~m) + 

1~k~l~m 

N 2 
+ 2 L (!·kfk .) (s.sk) ' 

j~k I J I 

where fj.a) =a~ U ~+I) a) exp [- (j- 0 ~ (a) J, a is an arbitrary para­

meter and the Weierstrass functions ~(x), a(x) are expressed through p(x) as 

'(x) = x- 1 + l [x -l_ p (x)] dx, o(x)- x exp [! {•(x)- x-I) d+ 

Although non-diffractive behavior has been established for the scatte­
ring of an arbitrary number of spin waves on a infinite lattice, the rigorous 
proof of the integrability of the model (7) in the most important (<\Se of finite 
Nand w2 has not yet been found. 

To conclude this section, it is worth noting that a statement such as «the 
quantum system is integrable• can be confirmed, at least in principle, by 
direct analytic construction of integrals of motion. The contrary statement 
evidently needs other criterium for its verification. If the concept of «quan­
tum chaos• is to some extent universal, it is natural to expect that discrete 
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spectra of nonintegrable cases of (1) might display the peculiarities of ran­
dom matrix fluctuations. The possibility of applying this criterium is studied 
in the best section for all three previously discussed forms of exchange inter­
action. 

3. The Procedures and Results of Calculations 

The dimension of matrices corresponding to (1) grows exponentially 
with the number of interacting spins. To avoid the enormous cons mption of 
computer time and obtain a reasonable number of levels for statistical ana­
lysis, we chose for numerical procedures the M = 6 sector of th model on 
the lattice with 12 sites. The total number of basis vectors (3) in the case is 

C~ 2 = 924. The action of the hamiltonian ( 1) on these vectors is given by 

Hs n1 ... nM) = [ .~ h (ni- nk)- M ~i 
1 

h(J)l n1 ... nM) + 
,~k j=l . . 

The matrices with elements determined by (8) have been diagonalized 
numerically by a standard routine 122 J. Most of their eigenvalue are doub­
le degenerated due to left-right symmetry in spreading spin excita tions over 

§ rl 

Q b 
li 

li 

~ 
j . 

j Jli 

~ i 

li 
li 

0 
0 'i>.o .. ... "· 'i>.o 100. 200. liD. IMtw f• .u. J t:.n.rw , ...... 1 

Fig. I . The density of levels: (a) before (b) after the unfolding procedure for nearest-neighbor 
exchange (2) 
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the lattice. In fact, it is easy to show li 

that if 11/J ) is an eigenvector of the ~ a 
hamiltonian (1) of the type (4) with 
some {1P (n1 ... nM)}, then 11/J)= li 

=}: 
I S n 1 ... nM :S N 

1/J (n1 ... nM) x 

xln1 ••• nM )(nj=N+l-nj) also 

obeys the eigenvalue condition with 
the same energy. This kind of sym-
metry can be used, in principle, to 
reduce the dimension of matrices ac-
companied , however, by a complica-

"11.0 1.0 1.0 1.0 ( .0 

tion, of their structure. An equiva-
lent procedure for obtaining the li 
speCfra with removed symmetry con-

~ b sists of eliminating one element of 
each pair of coinciding eigenvalues li 
obtained by diagonalization . of the 
hamiltonians using a total set of ba-
sis states (3). 

The level densities are appro-
ximately of the Gaussian form 
(Fig.l a) for all three forms of spin 
interaclion used in our calculations. 
By performing the unfolding proce-
dure descibed in detail in ref. [21 ], "11.0 1.0 r.o 1.0 ( .0 

each spectrum has been mapped into 
one with the quasiuniform level den- li 

sity (Fig. I b). ~ c 
The nearest-neighbor spacings 

were .calculated and histogrammed 
in units of mean spacing so as to 
show the P (s) distribution for s :S 4 ~li~ 1Uri-~- \ . . . 
Fig.2. The histograms of nearest-neighbor le- v ~ ....... vel spacings P (s) : (a) the Bethe case (2); (b) 
the elliptic exchange (7), w

2 
= .1t (c) the case 

of nearest and next-nearest spin interaction (6) 
at ). = -I . The solid lines correspond to the 
Poisson distribution normalized by the first 0 

'il.o 1.0 2.0 1.0 ( ,0 
bins. I 
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a 
~Fig.2). As can be seen, there are 
large fluctuations around the 
Poissonian line, P(s) = 
=A exp ( -s), A being etermined 
by the first bin, for both integrable 
cases (a-b). In the last example 
(2c), where the coupling was chosen 
so as to magnify the role of next-nea­
rest-neighbor exchange, the data ex­
ceed the Poisson distribution norma­
lized analogously. The best ·expo­
nential fit which would probably 

~<L...--'-:~....__ ....... =---................ -=,.-. .................. -.J... show some lack of events nears = 0 

h 

__ JLLLLLLLLL 

was not performed. It is clear, how­
ever, that the data are not consistent 
either with the Wigner distribution 
given by the random matrix theory 
since there is no indication of the 
strong level repulsion. · 

The results concerning the se­
cond statistical measure ~iL) (the 

best fit of the spectral straircase 
function by a straight line on a fixed 
interval) are plotted in Fig.3. The 
error bars were obtained y varying 
the positions of the ends of the 

10. 
L 

... ... interval on which th spectral 

c 

rigidity was calculated . 
In cases (a-b) the data display 

behavior intermediate between the 
I 

Poisson distribution TSL and GOE 

predictions (Fig.3a-b). Within the 
interval 6 s L s 11 the ~iL) values 

of the integrable cases are closer to 
the Poisson line than to the GOE 
one. In the whole range of L ~ 6 they 

---------------------- Fig.3. The spectral rigidity d 3(L) for the same 
three cases as in Fig.2. The solid and dashed 

... •. "'· lines show the Poisson and GOE distributions 
L 
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exceed systematically the corresponding values for the interaction of the 
form (5) at A. = -1 (Fig.3c). The latter show a tendency to be more con­
sistent with GOE than with the Poisson form of the !13(L) measure. 

4. Di scussion 

The reasons for the ambiguity of the results listed and briefly discussed 
above seem to be twofold. First, the systems of S = 1/2 spins are of an ex­
treme quantal nature. A certain classical analog, of course, can be const-

ructed in the limit S .... oo by replacing quantum operators j S( s2) -I 12} by 
the vectors on unit sphere as was done in (23 I for two•spin system but the 
treatment of higher spins may lead to the loss of integrability. Second, even 
in classical mechanics there are examples demonstrating the ambiguities of 
numerical analysis. More than ten years ago the authors of ref. (24 I, after 

studying Poincare sections in a very wide range of energies, claimed that the 
transition from the exponential Toda to Morse pair potential conserves in­
tegrability in a three-particle problem on a line. There has so far not been 
any analytic support for such a claim. 

The intermediate character of the P(s) and l1iL) behavior was reported 

earlier in the paper (8 I devoted to a simple mechanical system with two deg­
rees of freedom. It was also found in the study of quantum billiards on the 
pseudosphere by using a much more extensive set of levels (25 1. 

In tonclusion, we should mention that our results do not indicate a 
sharp transition from the «regular. to «Chaotic• regime under variations of 
the form of exchange interaction in a spin lattice model. The tendency to the 
GOE statistics can be seen in the case (4) at A. = -1 which seems to be non­
integrable. Perhaps the whole integrability problem for this type of model 
cannot be completely disentangled by statistical analysis of level sequences. 

The authors are greatly indebted to Mr.Salmaso for his computational 
assistance. 
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TEIIJIOTIEPEHOC B TOHKHX TIJIEHKAX 
C HEJIHHE'AHbiMH CBO'ACTBAMH 

JI.A.YBapoBa•,B.K.~eA9HHH 

Hccne,~zyeTCII, KaK BJIH!IeT HeJJuueifHOCTb TeMneparypbt ua pacnpOCTpaue­
uue 3JJeKYpOMamHTHOH BOJIHbl B TOHKOH ):IH3JJeKTpH'IecKOH nJJeHKe C HeJJH­
HeHHbiMH CBOHCTBaMH. KOHKpeTHO, HCCJJe)zyeTCII 3aBHCHMOCTb TeMneparypuo-
1'0 npocj>HJJSJ OT MOUJ,HOCTH OOTOKa 3JJeKTpoMamHTHOH BOJIHbl p m: T(P m). 

llpe):lnOJJaraeTCll HeJJHHeHHall 3aBHCHMOCTb OT OOJIII AJ13JieKTpH'IeCKOH npoHH­
u.aeMOCTH nJJeHKH E(w/ E), a K03$cJ>HU.HeHT nOrJJOUJ,eHHIIOOpeTCII TaK)J(e B He­
JIHHeHHOM BH):Ie K = K

0 
+ Kl T + Kl 'fl. 0CHOBHbiM pe3YJJbTaTOM, OOJJY'IeHHbiM 

B pa6oTe, IIBJilleTCll Bbi~O):I, 'ITO npH CyUJ,eCTBeHHO pa3JIH'IHOM 3Ha'leHHH OOTO­
KOB 3HeprHH p m (m = 1,2,3, ... ) TeMneparypa B LJ.eHTpe nJJeHKH He MeHIIeTCII. 

Pa6oTa BbtnOJJueua s Jla6oparopuu TeopeTH'IecKoif QJH3HKH OHSIH. 

Heat Transfer through Thin Films with Nonlinear Properties 

L.A .Uvarova•, V.K.Fedyanin 

The Influence of the nonlinearity of the temperature on the electromagnetic 
wave propagation In a thin dielectric film with nonlinear properties is 
investigated. Especially, the dependence of the temperature profile on the 
energy flux of the electromagnetic wave P m: T(P m)' is studied. The nonlinear 

dependence on the field of dielectric penetrability of the film e(w/ E) is assumed, 
and the absorption coefficient is also taken in the nonlinear form 
K = K

0 
+ K

1
T + K1r . The main result of the paper is the conclusion that at 

essentially different values of the energy fluxes P (m ·= 1,2,3 ... ) the tem-
m 

perature does not change at the centre of the film. 
The investigation has been performed at the Laboratory of Theoretical 

Physics, JINR. 

B aacro.snn,ee BpeMSI 6oJI&moe 'IHCJIO TeopeTH'IeCKHX H 3KcnepHMeH­

TaJI&Hhlx paOOT ITOCBSIID;eHO BOITpocaM paCnpocTpaHeHHSI HeJIHHeHHhiX ITO­

BepXHOCTHhiX BOJIH B CJIOHCThlx CTPYKTypax [1 ]. B '13CTHOCTH, AJISI TaKHX 

BO.IIH XapaKTepHa HeOAH03H3'1H3SI 33BHCHMOCTb 3Qxl>eKTHBHOro BO.IIHOBOI"O 

'IHCJia {:3 OT ITOTOKa 3JieKTpoM31'HHTHOH :mepmH P, 'ITO MOXeT 6h1Tb HCITO.Ilb-

*TsepcKOH OOJIHTeXHH'IeCKHH HHCTHT)'T 

16 



aoBaHo B pa3JIH'IHN:X HeJIHHeHHN:X onTH'IecKux npu6opax. BMecTe c TeM 

cra6HJibHOCTb pa6oTN BC.RKOro npu6opa' aaBHCHT OT MHornx napaMeTpoB. B 

1JaCTHOCTH, npHOOpN:, paOOTaiOID;He Ha X<~KHX KpHCTaJIJiaX, 'laCTO HMeiOT 

HeOOJihmoif pa6oqHif AHanaaoH no TeMnepaType. B Hacro.s~m;eif pa6oTe Bhl-

51BJI51IOTC51 TeMnepaTypHN:e 3aBHCHMOCTH T( p ), HMeiOm;He MeCTO B TOHKHX 

nJieHKaX, HanpaBJI51IOID,HX HeJIHHeHHble noBepXHOCTHble BOJIHbl. 

PaccMoTpHM TOHKYIO CJia6onorJiom;aiOm;yiO nJieHKY TOJIID;HHOH d 
( -d/2 :s z :s d/2). ByAeM npeAnOJiaraTb, 'ITO BeJIH'IHHa n or Jiom;eHHOH 

3Heprnu B TaKOH nJieHKe paBHa K'P, rAe"- K03<l><lmu;ueHT nornom;eHH.R Be-

m;ecTBa nJieHKH, P = PI M2, a P pacc'IHTNBaeTc.s~ corJiacuo [ 1 ] aaBHCHT oT 

THna nOJI51pH3aiJ;HH nOBepXHOCTHOH BOJIHN:, COOTHOIDeHH51 Me)I(Ay {J H AH3-

JieKTpH'IeCKOH npoHHIJ;aeMOCTbiO Bem;ecTBa nJieHKH e; e MOX<eT 3aBHCeTb OT 

3JieKTpuqecKoro BeKropa. ByAeM annpoKCHMHpoBaTb aaBHCHMOCTb Ko3¢­

¢uu;ueHTa nOrJIOID;eHHSI OT TeMnepaTypN: KBaAPaTH'IHOH 3aBHCHMOCTbiO 

IC = "o + "t T + IC2T2. (1) 

TeMnepaTypHbiH npo¢HJih B ycTaHOBHBmeMCSI peX<nMe oX<eT 6biTh 

HaifAeH H3 CTaiJ;HOHapHOI'O ypaBHeHHSI TenJIOnpOBOAHOCTH 

d2T x-2 = IC'P, 
dz 

(2) 

rAe x - Ko3¢<Puu;ueHT TenJionpoBOAHOCTH Bem;ecrBa nJieHKH. B Ka'lecre 

KpaeBN:X yCJIOBHH 6yAeM paccMaTpnBaTh yCJIOBHSI nepaoro u BT poro poAa 

(3) 

11HTerpupySI (1)- (2), nOJIY'IHM ( [2 ]) : 

(4) 

rA< sn( x, k) - <I>Y•"'<•• J'!Ko6a, s ~ ( KJ'(T 7 _ T 
2
)) v,, k

2 ~ ;, ~ ;, , 
T 3 :s T 2 :s T 1, T 1, T 2, T 3 - KOPHJI ypaBHeHHSI 

r ~ 1 ~ T2 + 3KOT - 3C2' = 0 
2 "2 "2 "2'P 

(5) 

C - nOCTOSIHHaSI HHTerpupoBaHHSI. 
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McnoJI&3y51 TeopeMy BueTa H Kpaeshle yCJIOBH51 (3.1), noJiy'IHM CJie~y­

rom;yro cuCTeMy ~JI51 onpe~eneHH51 T 1, T 2, T 3, C: 

3fK1f 3K0 
T1 + T2 + T3 = --;c-, T 1T2 + T1T3 + T2T3 = -, 

"""2 K2 

3C2
K 21! --=n = T1 T2T3, T0 = T1 - (T1 - T2) sn 2 , k), 

K2r s 

V2 (T _ T l v2 

s = (K2"P(T~- T3)) , k = T~- T: . (6) 

T IK11 
Bse~eM 6e3pa3MepHhle BeJIH'IHHhl a. = :....LT , j = 1, 2, 3, y I = -T , 

I 0 K2 0 

Ko 
y 0 = --2, (nonaraR, 'ITO To "¢:. 0). 113 CHCTCMhl (6), a TaK)Ke H3 YCJIOBHH 

K2TO 
8 1 > 1, 9 22 > 0, 8 3 > 0, 8 2 S 8 1 Ha~eM, 'ITO eCJIH BhlDOJIHeHhl HepaBeH-

CTBa 2 "Yo s y1 s 1 + y0, TO MoryT peanH30BaT&e51 pemeHHSI, y~osneTBO­

pSIIOW.He HepaBeHCTBY 

2 
Y1 Y, v. Y, 4Yo v 

. 1 <a,< 2- (4- Yo) = 2 [(1 - (1 - -2) 2]. 
Y, 

ECJIH )KC BhlDOJIHCHhl yCJIOBH51: 1) y 0 s 1/3 HJIH y 0 ~ 3 H O~HOBpeMeHHO 

1 4 
y1 ~ 1 +Yo; 2) 3 <Yo< 3 H Y, ~ 3 "'%· TO 6e3pa3MepHaSI TeMnepaTypa 

91 6y~eT OOJI&me, 'ICM ~y1 + c-&Y~- 3ro)v2
• llpH 3TOM 6e3pa3MepHaSI 

TeMnepaTypa 6y~eT onpe~eJISITbC.II <l>oPMYJIOH 

_ 3 8 1 9 2 3 2 3 v2 8 2- 4Y1- 2 + (T6y1- 4 8 1 + 4Y18 1 - 3ro) • <7> 

llyCT& T 2 = T
0

, TOr~a 9 2 = 1. B 3TOM CJiy'lae H3 (7) Ha~eM TeMnepaTypy 

91: 

9 3 1 ( 9 2 3 3y 3)v2 
1 =4y1 -2+ 16Y1 +4Y1- o-4 . (8) 
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TeMnepaTypa 9 3, s cso10 oqepeAh, pasua 

(9) 

lf3 yCJIOBH.si 9 1 > 0 H B:blpa:1KeHHSI (8) UOJIY'IHM, 'ITO AOJI:1KH:bl B:biDOJI­

HSITbCSI uepaseucTBa 1 + y0 < y1 < 2 HJIH y1 > 2, y0 < 1. lf3 yCJioBHSI 9 3 > 0 

H Bhlpa:1KeHHH (8)- (9) Haii:AeM, 'ITO AOJI:1KHO 6h1Tb CnpaBeAJIHB:biM TaK:1Ke 

3 2 
uepaseuCTBo 2 y1 < 3 + 2y0• llpuuuMaSIBOBHHMauueuepaseucrsa, npuse-

AeHnhle Bhlme, noJiy'IHM, 'ITO napaMeTphl y0 H y1 AOJI:11<Hhl YAOBJieTsopSITb 

yCJIOBHSIM: 

llpu uano:11<eunoM yCJIOBHH ua rpauuu,ax nnenKH noJiy'IHM 

2 d 
sn (2s' k) = 1. . (10) 

PemaSI ypasueuue (10), noJiy'IHM 3aBHCHMOCTb nJIOTHOCTH noToKa 

3HepmH POT TeMnepaTyphl B u.euTpe nJieHKH 91 To. TaKaSI 3aBHCHMOCTb 6y-

AeTHMeTbB~ 

(11) 

9 - 1 
rAe k = 

291 
+ 11 _ 

312
y

1
, K(k)- noJIH:biH 3JIJIHDTH'IecKHH HHTerpan Jle-

:1KaUApa nepsoro poAa, m = 0,1,2, ... TeMnepaTyphl 91, 93 onpeAeJISIIOTCSI 

napaMeTpaMH 3aAa'IH comacuo ctx>pMyJiaM (8)- (9). CJieAoBaTeJibHO, OAHO u 

TO :11<e 3Ha'leHHe TeMnepaTyphl M0:1KeT COOTBeTCTBOBaTb pa3JIH'IH:b1M 3Ha'le­

HHSIM nJIOTHOCTH noroKa 3Hepmu. TaKHM o6pa30M, yseJIH'Ienue s onpeAe­

Jieuuoii nponOpU,HH UOTOKa 3HepmH p He npHBOAHT K H3MeHeHHIO MaKCH­

MaJibHOH TeMnepaTyphl 91 T I CJIOHCTOH CHCTeM:bl. TaKOH B:biBOA (HaJI0:1KeHHe 

yCJIOBHSI T 2 = T 0 ue BJIHSieT ua ero OOIIJ,HOCTb) SIBJISieTCSI cy~ecrsenHHM 

npH BCecTOpoHHeM paCCMOTpeHHH CTa6HJibHOCTH HeJIHHeHH:biX CBOHCTB UO­

AOOH:biX cucreM. BMecre c TeM s CJiy'lae T2 = T3 (TO ecrh npu k = 1) HMeeT 

MecTO He6JiaronpHSITH:biH B AaHHOM CM:biCJie TenJIOBOH pe:1KHM. Jl.eii:CTBH­

TeJibHO, B 3TOM CJiy'lae BMecTO nepHOAH'IecKOro pemeHHSI (5) DOJIY'IHM CO­
JIHTOHHOe pemeuue 
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T - T2 
1 , 

T = T2 + 2 !) 
ch (

5 

(12) 

rne 

T, - [*(::) 2 ] 

v2 
- 4Ko T - 1 ~ - ! T 

"2 , 2 - 4 "2 2 1. 

llOCJie DOACTaHOBKH (12) B rpaHH'IHble yCJIOBH51 (3) DOJIY'IHM CJieAyiO­

~ee Bhlpa :lKeHHe AJI51 P: 

p _ 24x (T _ T l V2 
- -- _ arcch

2 1 
2} 

1 T 2)"2 T - T • 0 2 
(13) 

113 03) CJieAyeT MOHOTOHHa51 3aBHCHMOCTh DOTOKa :mepmH OT T0. 

PaccMOTPHM KpaeBble yCJIOBH51 TeDJIOH30JUlll,HH DJieHKH (4). B 3TOM 

CJiy'lae D OCJie nOACTaHOBKH (5) B yKa3aHHble KpaeBble yCJIOBH51 DOJIY'IHM 

d d d sn(25 , k) cn(25 , k) dn (25, k) = 0, (14) 

rne sn(x,k), cn(x,k), dn(x,k) - 3JIJIHDTH'IecKHe <I>YHK~H .s!Ko6H. BenH­

'IHHbl ::
2 

H T 3 Mory~ 6b1Th onpeAeneHbl KaK <f>YHKD;HH TeMnepaTypbl T 
1 

H3 

nepBblx ABYX yCJIOBHH CHCTeMbl (6): 

31K11 -~+ 
T34 = 21C2 T2 ([~+ T1]

2 

41C2 2 ] 

v2 
31Co 

"2 
(15) 

113 yc~OBH51 (14) (y'IHTbiBa51, 'ITO dn(x, k) ~ 0) DOJIY'IHM 3aBHCH­

MOCTh P(T
1
): 

T - r,J 
24m2x· K2l T: - T~ 

p = d21C2 · (T1- T2) 
(16) 

TaKHM o6paaoM, onpeAeJIHB MHHHMaJihHoe 3Ha'leHHe P min="P(m=l)="P
1 

DO HaHOOJiee ODTHMaJihHOMY 3Ha'leHHIO TeMOepaTypbl T
1

, MO:lKHO B AaJih­

HeiimeM n ony'IHTh cor nacHo <f>opMy ne (16) Ha6op 3Ha'leHHii P= (P 
2
,P 3, ••• ), 

KOTOphle H e npHBeAyT K H3MeHeHHIO MaKCHMaJihHOH TeMnepaTypbl T
1

• qTO 
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K3C3eTCj~ COJIHTOHHOI'O pemeHH9: (12), .:00 OHO He YAOBJieTBOp9:eT KpaeBHM 

yCJioB~M HAeaJibHOii TeDJIOH30Jij~IJ,HH npH xoHe•IHoii TOJIJIJ,HHe DJieHKH. 

B pa60Te [ 1 ] npHBeAeHo OOJI~>moe 'IHCJio 3aBHCHMOCTeii noroKa 3HepmH 

OT ::xlxl>eKTHBHOI'O BOJIHOBOI'O 'IHCJia AJ19: pa3JIH'IIIlllX peaJibHHX CJIOHCTHX 

CTpyxTyp. TaK, HanpHMep, B CHCTeMe «DOAJIO)f(Ka» (s) - DJieHKa (/) - on­

TH'IecKH HeJIHHeHHHH caMocfxlKYCHpyiOJIJ,HH DOKpoBHlllH CJIOH (c), xapaK­

TepH3YIOIIJ.HHC9: DOK333TeJI9:MH npeJIOMJieHH9: nc = ns = 1,55, nf = 1,57, 

peaJIH3YIOTC9: T E-noJI9:pH30BaHHHe HeJIHHeiiHHe noBepxHOCTHille BOJIHH. 

llpH paC'IeTe DpeADOJiaraJIOCb T3K)I(e, 'ITO A)IHH3 3JieKTpoM3rHHTHOH 

BOJIHill A = 0,515 MKM (Jia3ep Ha HOHaX aproHa ), OTHOIDeHHe d/A. = 6, 

a AJ19: onTH'IeCKH HeJIHHeiiHoro noKpHTH9: cnpaBeAJIHB 3aKOH . Keppa 

1 ... 2 1 ... 2 
n = nc + 2c Eo I El <me JIOKaJI~>Ha9: HHTeHCHBHOCTb I = 2c Eo I El , c -... 
CKOpoCTb CBeTa, EO - AH3JieKTpH'IecKa9: DOCT09:HH39:, E - 3JieKTpH11ecKHii 

M2 
Bexrop), n2c = 10-9 Bm. TorAa, HCDOJib3Y9: 3aBHCHMOCTb 'P(/3) H noJiarag: 

'P2 = 60~, HaiiAeM, 'ITO AaHHOMY 3Ha'leHHIO DOTOKa 3HepmH 6yAyT CO­

OTBeTCTBOB3Tb ABa ::xlxl>eKTHBHlllX BOJIHOBHX 'IHCJia Jtng: TE-BOJIH," a HMeH­

Ho {31 = 1,569 H {32 = 1,57. lloJiarag: B cPoPMyJie (16) m = 3, HaiiAeM 

9 Bm · 
'P3 = 4 'P2 = 135M. LJ:aHHOMY 3Ha'leHHIO MOIIJ.HOCTH 6yAyT COOTBeTCTBO-

BaTb BOJIHOBHe 'IHCJia/31 = 1,569 H {32 = 1,5695. TaKHM o6pa30M, ABa xa­

'leCTBeHHo HAeHTH'IHHX pe)I(HMa pa60TH npH cym.ecrBeHHOM pa3JIH'IHH AJI9: 

3Ha'leHHH DOTOKOB 3HepmH He npHBOA9:T K H3MeHeHHIO TeMn epaTypN B 

U,eHTpe DJieHKH. 
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Y ,QK 539.125.46 + 539.125.56 

INCLUSIVE PRODUCTION 

JJNR Rapid Communications No.2[59}-93 

OF NEUTRAL STRANGE PARTICLES 
IN ANT IDEUTERON-NUCLEI INTERACTIONS AT 12.2 GeV/c 

I 
B.V.Ba~unya, I.V.Boguslavsky, D.Bruncko , 
C.Coca i I.M.Gramenitsky, K.S.Medved, 
T.Ponta , I.B.Simkovicova 

The data on inclusive production of 1\ and ~ In antideuteron-deuteron, 
antideuteron-carbon and antideuteron-lead Interactions at 12.2 GeV /care re­
ported. The results are given on relative yields, rapidity distributions, average 
multiplicities of associated charged particles, and kinematical characteristics of 
neutral stranae particles. The possible difference of production mechanisms for 
~-and /\-particles, as well as the enhancement of /\-hyperons yield In events 
wi th the developed cascade, are also discussed. The data were obtained while 
lrradiatin& the 2m bubble chamber LUDMILA with a separated antideuteron 
beam at the Serpukhov accelerator. 

The lnvestiaatlon has been performed at the Particle Physics Laboratoty, 
JINR. 
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1. Introduction 

Till the present moment, the processes of NN annihilation have been 
studied thoroughly. At the same time, the mechanisms of antinucleon­
nucleus interactions are still relatively unknown. The nucleus, especially a 
heavy one, can influence the elementary NN interaction, and modify 
seriously the final hadron state formation picture. 

The creation of pure and intensive antiproton beams has given new pos­
sibilities of studying some unusual phenomena occurring at antiproton anni· 
hilation in nuclear matter [ l ,2 ). Annihilation could release rather large 

energy(- 2 GeV) in a small volume(- 1 fm3) of nuclear medi m [25 ), that 
could lead to the creation of «hot drops» inside the nucleus. Also, the pro­
duction of several pions in a small region and conversion of a large fraction 
of annihilation energy into the kinetic energy of the nucleons could result in 
some specific effects like «nuclear explosion» [3 ). 

It is expected that if high energy density could be reached in some re­
gion inside the nucleus, these extreme conditions w?uld lead to t_he forma­
tion of deconfined phase of nuclear matter. The first predicted signature of 
the deconfined phase formation was an enhancement of s and s quarks con­
centration in a quark-gluon plasma, relative to uu and aa pairs [4 ), and the 
strange particle production was intensively studied in this context [5 ). 

Yet there is no unambiguous experimental evidence of the existence of 
quark-gluon plasma. But the processes of strange particle production in had­
ron-nucleus collisions themselves are of great interest, as the strange partic­
les are very sensitive to any details of the production mechanism. Strange 
quarks are not «prepared» in the pojectile antinucleon and they should be 
produced from the sea quarks on early stage of the interaction, whereas non­
strange quark pairs be produced at all stages. 

The number of experimental data on strangeness enhancement in anti­
nucleon-nucleus interactions is limited. The statistics in bubble chamber 
experiments is usually low, whereas the rejected acceptance gives rise to 
various methodical difficulties in counter experiments. Conserning the data 
on neutral strange particle production, there were only a f w published 
results (6-15 ). 

In all these experiments, at energies of 0-4 GeV, the unexpectedly 
high A-hyperon production was observed. Even at LEAR energies, the A 

yields below threshold are large and comparable to~ yields, t at could not 

be explained by interaction with a single nucleon. One can find the review of 
the experimental situation in [2 ). 
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Various models have been used to explain the high A yield. In [17 ] the 
strangeness enhancement in p-Ta data at 4 GeV /c were considered to be 
the result of the supercooled quark-gluon plasma formation at T< 60 MeV. 

In [18, 19] this phenomenon is explained in terms of multinucleon 
absorption reactions. In the framework of the statistical picture it was found 
that in B ~ I annihilation the strangeness production is substantially in­
creased as compared to B = 0 annihilation. (B is the baryon number of the 
annihilating system). But the experimental results on formation frequency 
of the B ~ 1 fireball, are still rather contradictory. 

At the same time, the data on A and JCl production in p-interactions 

with heavy targets were explained satisfactorily within the framework of 
the intranuclear cascade models [20-24 ]. In these models, the strong 
rescattering effects in antiproton annihilation on nuclei were taken into 
account. The A production characteristics were reproduced under the as­
sumption that strangeness is produced in conventional NN processes and 
then redistributed through subsequent pion-nucleon rescattering and 
absorption: 

NN-+ KK + (m .n), foilowed by 
- -
KN-+ AX, KNN-+ ANX; 

NN-+ (m .n) +X, followed by 
.n°p-+ A K+, .n-p -+ A~; 

NN-+ 1J (w) +X, followed by 
1J(w) + p-+ A+ K+, tJ(w) + n-+ 1:0+ K+ , ... 

The detailed studies of hA interactions at 200 GeV /c by NAS Collabo­
ration [16] inspired the description of strangeness enhancement in the 
framework of Dual Parton Model [34 ]. The role of reabsorption effects for 
strangeness production at this energy was also discussed [28 ]. 

The further studies of strangeness production at various energies, and 
targets, are of great interest. The characteristics of these processes - par­
ticles temperatures, relative yields, rapidity distributions, and especially 
those characteristics triggered by high charged multiplicities, may reveal 
possible existence of collective effects in nuclear matter. 

2. Anti deuteron as a Projectile 

At energies lower than 1 Ge V, the annihilation cross section is large, so, 
most of the slow antinucleons interact at the surface of the target nucleus. 
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Only a small fraction of antinucleon could penetrate deep enough and ther­
malize the nucleus (3 ]. 

At high energies, the ability of annihilation products to interact inside 
the nucleus is greatly suppressed due to the relativistic growth of the for­
mation length (28,34 ]. 

Obviously, there should be an optimum antinucleon energy for excita­
tion of a nucleus. In (25] it was shown that at 6 GeV /can antinucleon (or 
antideuteron at 12 GeV /c) is a very good tool to investigate these effects 
because at this energy a'ntinucleons can penetrate deep enough into a nuc­
leus, and the emitted pions are concentrated in a narrow cone (with the 
average angle about 10 degrees). Also, the ability of antideuterons to pro­
duce the high temperatures in a nucleus due to simultaneous annihilation of 
both the antinucleons was predicted. 

On the contrary, recent cascade calculations (26] have shown that due 
to the limited dimensions of the excited region both in space and time, the 
antideuteron does not appear to be a suitable tool to study quark-gluon plas­
ma effects. 

The question whether the interactions of antideuterons in nuclei could 
deliver some information on a short range correlation in the target nuclei 
was discussed in (35 ]. It has been found that antideuterons are not an effec­
tive tool for these studies, because antibaryons are (on the aver ge) too far 
from each other. 

In this paper we report our experimental data on neutral strange particle 
production in antideuteron interactions with deuterium, carbon and lead 
nuclei. We ~ere looking for the peculiarities of neutral strange particle pro­
duction in dA-interactions, that may reflect some interesting dynamics, si­
milar to those found in pA-interactions at lower energies. 

Antideuteron as a projectile is !. more complicated object for analysis 
than antiproton. At our energy the NN annihilations cross section is about 
40% of the total inelastic cross section, and there is a large probability for 
antideuteron to have no annihilation interactions in nucleus at all. 

Also, the average radius of an antideuteron is about 1.5 fm compared to 
the radius of light nucleus and not much smaller than the radius of a heavy 
nucleus (8 fm for lead). Therefore, if one of antinucleons interacts close to 
the nucleus edge, another antinucleon with a marked probability pa.sses 
through or by the nucleus without interaction. 

This process allows one to mark the peripherical interactions of antinuc· 
leons with the nucleus. The interaction~with the registered fast antiproton­
spectator are enriched by peripherical NA interactions. We expect that the 
strangeness production should be somewhat different for these events com­
pared with the central collisions. 
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Fia.t. The profile functions for carbon and lead nuclei and antldeuteron impact pa­
rameter distributions. Dashed lines show the distributions in the case when antipro­
ton does not interact with the nucleus and reveals as a spectator 

Fig. I shows the profile functions for carbon and lead nuclei, and the re­
sults of Glauber calculations for CJA-interactions (271. The impact parame­
ter distribution shows that in events with antiproton-spectator the second 
antinucleon interacts close to the surface of the target nucleus. 

The number of interactions with fast i)-spectator decreases while the 
target nucleus mass grows. In our experiment the registered number of 
these events was 39%, 23%, and II % for deuterium, carbon and lead, res­
pectively. 

26 



Both - the arrangement of our experiment and data handling proce­
dures were described in detail in ( 15 ). 

The 2m HBC LUDMILA was exposed to a 12.2 GeV /c antideuteron 
beam at the Serpukhov accelerator. Before separation, the ratio of n- to a 
was as high as 106:1. A two-stage scheme of separation was used to suppress 
the hadron background. The intensity of antideuterons was about 0.5(1 per 
picture. 

Filled with liquid deuterium, the internal track-sensitive target was ins­
talled inside the chamber. The main task of the experiment was to study the 
multinucleon effects in the antideuteron-deuteron interactions. Also, we 
were able to observe and measure the interactions of beam an tid uterons in 
texan <H 14C160

3
) and lead plates inside the chamber. The texan plate was 

12 mm thick and lead plate- 3 mm. 
Lexan is not a pure nuclear target. The probability for an an tideuteron 

to interact with various nuclei in texan was calculated as P(C/0/ H) = 
= 0. 74/0.17/0.09. In this paper, a-texan interactions are denoted as {}-C: 

The neutral strange particles were observed through the charged decay 

modes; four kinematical hypotheses were tried for eath 0>: 

• .0 + -JC-+n +n s 

- + A-+p+n 

+ -y-+e +e. 

No attempts have been made to separate A (A) from l:0 (l:0) production. 

The classification of yO was based on kinematical fit results as well as ioni­
zation data ( 15 ). 

The total number of registered (]A interactions and the numbers of mea­
sured and corrected vees are presented in Table I. 

For the events with antiproton-spectator, the limited number of neutral 
strange particles did not allow us to perform detailed studies. In this paper, 
only relative yields are reported for these reactions. 

The charged tracks of primary interactions with vees ( V' or y ) were also 
measured. The bubble density of the tracks was compared with geometrical 
program data. We were able to distinguish electrons, pions and protons in 
the momentum range P < 1.5 GeV I c and for dip angles less than 65 degrees. 
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Table 1. Total number of interactions and number of measured 
and corrected vees in oA experiment 

REACTION Fitted, unweighed Weighed, corrected 

(il + n-) + d-+ inelastic 7800 scanned 

(il+n-) +d-+~+X 106 240 

(il + n-) + d-+ A+ X 86 174 

(il + n-) + d-+ X+ X 38 72 

(a+ n-) +d ... r + x 229 

(il + n-) + c· ... inelastic 3150 scanned 

(il + n - ) + C' -+ ~ + X 77 167 

(il + .1l' - ) + C '-+A +X 59 138 

(il+n- ) +C'-+X+X 9 23 

(il+n- ) +C'-+y+X 308 

(il + n-) + Pb-+ inelastic 3890 scanned 

(il+n- ) +Pb-+~+X 204 479 

(il+n-) +Pb-+A+X 299 591 

(il + .1l'- ) + Pb ... X+ X 7 13 

(il+n-) +Pb-+y+.X 656 

Beam contamination with negative n- mesons was an obvious source of 
systematic errors in our experiment. The contribution from the backgrouns 
interactions was accounted using both: data extrapolating on strange 

particle production in n--nuclei interactions at close enrgies, and the 

Monte-Carlo simulated n--nuclei events at 12.2 GeV /c, obtained with 

FRITIOF code. The contribution of VO from the background events was the 
reason of the bigger uncertainties in our final results we had expected. 

The beam contamination was estimated at the level of 1. 73 n- per 1 71. It 
means that the number of background interactions could reach 35% of all 
interactions in deuterium target, 45% for lexan and 50% for lead plates. 

Though this admixture was lower for the events with VO, nevertheless the 
background extraction procedure was the most complicated part of data ana­
lysis and the source of permanent throubles. 

28 



3. Yield Ratios A!X:: 

In pp- and pd-interactions at momentum range of 0-12.0 GeV /c, the 

production cross sections for X:: exceed considerably the corresponding 

ones for A. The typical values for the ratios of production cross ections in 
elementary N N collisions are R AI If = 0.2-0.5 [ 11 ] . 

• 
Recently, the neutral strange particle production on nuclear targets has 

been also studied, though not many experimental results have been pub­
lished: 

- the measurements of p + C, Ti, Ta, Ph at (0-450) MeV I c [ 6 ]; 
-the KEK measurements ofp Ta interactions at 4 GeV /c [7 ]; 
- the streamer chamber m.easurement of PS 179 experiment at LEAR 

(P + He3
, He4 and Ne20 at rest and at 600 MeV /c) [8-11 ]; 

- results on strange particle production obtained at ITEP (p - Xe at 
0-0.9 GeV /c) [12,13 ]; 

-the measurements of ASTERIX (p + N14 at rest) [14 ]. 
The most striking feature of all the data obtained in those experiments, 

is the unexpectedly high A-hyperon production yields. The ratios R AI If 
s 

were found to be greater for about one order of magnitude than in NN 
interactions [2, 11 ]. Even for stopping antiprotons, the A yield turns out to 

be high and comparable with the K<; production cross section. 

Obviously, the strangeness in pA reactions is enhanced duet the effect 
of nuclear medium, and cannot be calculated from NN data using simple 
geometrical extension. At LEAR energies the production of a A on a single 
nucleon is forbidden (as the threshold for reaction pp -+ A A is p = 
= 1435 MeV I c), and several nucleons should be obligatory involved into 
this interaction. 

In our experiment, we calculated the ratios: 

N (X::) 
R If = --=-=---

s Ninelastic 

R _ N (A) + N (l:0
) 

A - Ninelastic 

R _ N(A) + N(l":0) 

AIJ\- N <X::) 
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The main contribution to our data errors comes from the background 
extraction procedure. 

These ratios are directly connected with multiparticle effects in complex 

nuclei. They also may be indicative of cascading mechanisms which may 

lead to enhanced A-production relative to non-cascading JC}. 
The observed A/ JC} production ratios for antideuteron-nuclei collisions 

and the same ratios for the events with antiproton-spectator are shown in 
Table Ila. They are close to those ones obtained in pA experiments at lower 
energies. But there is a significant difference between the peripherical and 
central events. 

The yields of JC} and A are presented in Table lib; they depend on tar-

get mass, but R (JC}) yield depends more moderately on A. 

Table lla. Production ratios RA/KJ and RA/A in CJ-nuclei interactions at 12.2 GeV /c . 
• 

Background is extracted 

d-d d-C' d-Pb 

RA/ K'l all events 0.89 ± 0.17 1.11 ± 0.32 1.98 ± 0.33 
• 

RA/K-o + p-spectatot 0.59 ± 0.23 0.63 ± 0.28 0.93 ± 0.40 
• 

RA/A all events 0.68 ± 0.13 0.26 ± 0.09 0.03 ± 0.01 
---·--~ 

Table lib. Relative yields of A (RA), ~ (RKJ) and X (R:A) 
• 

(per registered primary interaction in the target) . Background is extracted 

d c· Pb 

RKl% 
• 

2.57 ± 0.43 4.02 ± 1.16 14.5 ± 4.0 

RJ(l % p-spectator events 2.37 ± 0.50 4.20 ± 1.37 11.4 ± 3.2 
• 

RA% 2.24 ± 0.33 4.25 ± 1.03 27.9 ± 5.0 

RA% p-spectator events 1.40 ± 0.39 2.65 ± 1.09 10.3 ± 3.6 

Rx% 1.52 ± 0.19 1.10 ± 0.30 0.85 ± 0.24 
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We have also observed a dramatic difference in A and A productions, 

especially for a heavy nucleus. The yield ratio A/ A was found as 3 · 10- 2 for 
lead. 

The behaviour of neutral strange particle production on target mass, is 

shown in Fig.2. It is obvious that dependencies of A, ~ and A yields are 

different. At the same time, the V 0·s from peripherical interactions behave 
very similar. (The statistics for A's is insufficient, and the data are not 
shown for stripping events). 

The difference in yields for peripherical and central interactions is very 
surprising. The mean values of antideuteron impact parameters (Fig.l) 
show that in stripping events the second nucleon interacts very closely to the 
edge of the target nucleus. One could suppose that the conditions for A's 
production if they are produced in the secondary rescattering processes, are 
less favourable in peripherical interactions. At the same time, it should not 

greatly influence~ yields, if ~-mesons appeared from the primary NN 

interaction. 
We have also investigated the dependence of neutral strange particle 

production on the number of charged particles in the interaction. In Fig.3 
the relative yields RJ(J and Rl\ (per registered interaction in the target) are 

• 
plotted as a function of the total charged multiplicity and multiplicities of 
«fast» and «slow>> particles. 
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Fig.2. Relative yields of~-. 1\- and A-particles for various nuclear targets in 

our experiment. Target masses are shown as A213 
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Fig.3. Yields of K1 and J\ plotted as a function of Tlch, n, and llh for carbon and lead nuclei 

The JCl-yield is the highest in a low-multiplicity region, as the events 

with n~h = I, 2, 3 are enriched with interactions with quasi-free nucleon at 

the nuclear periphery. But in high-multiplicity events we observed a relative 

increase of A production (over JCl production). 

For carbon nucleus the data tendencies for both the strange particles are 
similar within the errors. At the same time, for lead nucleus the depend-

encies of JCl and A yields on charged multiplicity, differ greatly. It may ref­

lect the fact that in heavy nucleus the effects of nuclear medium become suf­
ficient, and the production mechanisms for these particles may be different. 

32 



The number of emitted charged particles, especially slow on s , can ser­
ve a measure of the number of reinteractions inside nucleus. The depend­
ence of A yield on the number of charged particles will be discussed in detail 
in chapter 5, in connection with the «A retention property» (28). 

4. Rapidity Distributions 

Rapidity distribution of emitted particles allows one to find the frame 
of reference where the distribution is centered around zero. Then the mass 
of the participating nuclear matter (i.e. the effective number of interacting 
target nucleons) be determined [2, 7 ). _ 

Fig.4 shows the rapidity distributions of neutral strange particles in dA 
interactions. _The shift of rapidity distributions towards the lower values, 
compared to NN center of mass rapidity, was observed. 

In Table III the effective targets received from the rapidity distributions 
measured in KEK and PSI79 experiments, are given. It is shown that the 
effective target of 8-13 nucleons is required to produce A, but 1-3 nuc-

leons are necessary for x': production. It was interpreted as if A's were pro­

duced on a soft lumps consisting of several nucleons. 
The masses of effective targets calculated for antideuteron interactions 

are also presented in Table III. They are lower than in the case of pA inter­
actions. The data on A coincides with the c.m. frame of the system N to-

gether with (5 nucleons) as an effective target. For x': the effective target is 

only a bit heavier than IN in comparison with 3N at 4 Ge VI c. 

Table III. Number of nucleons as effective target for strangeness production 
in various reactions 

Effective Target (N of nucl ons) 
Reaction and Momentum (GeV /c) 

If. II. 

0.6 p-Ne (10) I g + 7 
- 3 

4.0 p-Ta (7) 3 13 

12.2 d-d 1.0 2.4 

12.2 d-C' 1.2 2.8 

12.2 d-Pb 1.5 5.0 
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We would like to make a comment on the procedure of calculating the 
masses of effective targets. These calculations should strongly imply the 
angular symmetry of neutral strange particle emitting in a new shifted ref-
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erence frame. Usually this symmetry is never observed in the expe­
riment, as many production processes are involved, and the total angular 
distribution is the sum of several distributions [31 ], that may not necessarily 
have symmetrical shape. 

Thus, in [7] some special cuts were done to decrease the contribution of 

vO•s from the single nucleon interactions, and obtain the spherical symmet­
ry for the spectrum of emitted particles. 

In our experiment, we were not able either to obtain a symmetrical 

shape of angular distribution about cos e• varying the effective target mass. 
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Figure 5 shows the vO•s mean rapidity ( Y lab) as a function of the num­

ber of charged tracks. For low multiplicities, the rapidity values are syste-
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!!!atically higher due to their shift to on~-nucleon kinematics in elementary 
NN processes. We could have obtained the higher values for the effective 
target masses and uniform angular distributions, considering only high­
multiplicity events, though this procedure seems to be rather incorrect and 
suitable only for illustrative purpose. 

Also, it is known from pp-interactions that A and A behave as the frag­
ments of the target proton and projectile antinucleon, respectively; and the 
rapidity distribution for A is always shifted towards lower rapidity relatively 
to NN center-of-mass reference frame. Using these calculations for pp inter­
action at 4 GeV /c, we could have obtained the mass of the effective target 
equal to 5-6 nucleons, (Fig.lO in Ref. [7 ]) , but that is of no physical sense. 

In our experiment the calculated mass of effective target for A is about 
(5 nucleons) in the lead nucleus. But if one calculates the rapidity shift not 
from NN-c.m.s., but from the system obtained using mean rapidity values 
for A in pp or ad-interactions, the effective target mass would become 
lower than the three-nucleon mass. 

-To show the difference from NN-kinematics, scatter plots 1'7 -p for 
I 

~ and A in dA-interactions are presented in Fig.6. <1'7 is the v 0•s ra­

pidity in NN c.m.s.). The solid curves indicate the kinematical limits for 

v 0·s in elementary processes NN ~~AN and NN ~A A. The data 

points for~ lie uniformly inside the kinematical boundaries, but the points 

for A's are shifted towards the lower boundary, and for d-Pb interactions 
about 35% of A's lie outside this region. It may indicate that some collective 
multinucleon processes were involved in the A's production on a heavy nuc-

leus, contrary to the~ production. 

5. Mean Multiplicities 
of Associated Charged Particles 

The average charged prong multiplicities at the production vertices with 

and without associated vO•s are presented in Table IV. The mean multipli­
cities ( ns ) and ( nh ) are also given. The «h»- and «S•-particles are the par-

ticles with the velocities p > 0. 7 and p < 0. 7, respectively. The separation 
pointP = 0.7 between fast(= «Shower.) and slow(= «heavy•) tracks is the 
same as in the emulsion experiments. 
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The real multiplicities in aA interactions are higher than those in Table 
IV, because in our experiment most of the charged particles with the mo­
menta lower than 100-200 MeV /care surely to be absorbed in the targets. 

In the lower part of Table IV the data for a-Pb interactions with obser­
ved p-spectator are also presented. These values are obviously much smaller 
than ones for all a-Pb interactions. This fact proves our conclusion about 
the peripherical character of these interactions. 

Table IV. Corrected mean charged multiplicities foro-nuclei collisions. 
Charged multiplicities from events with antiproton-spectator are marked by asterisk. 

Background is extracted 

LEXAN 

Without V' With~ With/\. 

nch 9.81 ± 0.23 7.00 ± 0.31 7.98 ± 0.31 

n 4.51 ± 0.11 3.03 ± 0.16 3.28 ± 0.18 -

n+ 5.30 ± 0.13 3.97 ± 0.18 4.70 ± 0.22 

n, 8.36 ± 0.19 5.15 ± 0.21 5.82 ± 0.34 

n, 1.45 ± 0.11 1.85 ± 0.20 2.16 ± 0.11 

LEAD 

Without V' With~ With/\. 

nch 14.52 ± 0.15 14.37 ± 0.31 14.59 ± 0.31 

7.54 ± 0.58* 6.67 ± 1.04* 

n_ 4.12 ± 0.09 3.23 ± 0.10 2.76 ± 0.09 

2.71 ± 0.24* 2.21 ± 1.41* 

n. 10.40 ± 0.22 11.14 ± 0.27 11.83 ± 0.19 

4.82 ± 0.42* 4.46 ± 0.71* 

n, 8.62 ± 0.19 7.86 ± 0.20 7.12 ± 0.17 

4.71 ± 0.57* 4.35 ± 0.60* 

n, 5.90 ± 0.17 6.51 ± 0.21 7.48 ± 0.15 

2.83 ± 0.60* 2.32 ± o.5o• 
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The main features of multiplicity characteristics are seen as follows: 
- ns and n_ depend weakly on target mass; 

-for the events with neutral strange particles ns is smaller than for the 

ordinary events; 
-for the events with A particle ( nh) always exceeds ( nh) value for the 

events without A production. It may indicate the importance of secondary 
reinteraction processes for strangeness production. 

Nikolaev (28) puts out the concept of «A retention property>>: once A 
was produced in fragmentation of a target nucleon, it was not absorbed, but 

the J<!> /Klcould reinteract, disappear and produce A. 
A's production is very sensitive to any reabsorption of the pr duced par­

ticles, followed by the generation of surplus A's. The number of h-particles 
was traditionally considered as a measure of the number of projectile colli­
sions and secondary reinteractions inside the nucleus (28-30 ). The resul­
ting increase of mean multiplicity of the charged and h-particlcs in the 
events containing A was also predicted. 

The observed dependence of A's production yieJd on nch a na n 11 for 

a- Pb collisions <Fig.3) is in agreement with the prediction of (28 ). 

6 . Kinematical Characteristics 
of Neutral Strange Particle 

In Table Va some kinematical characte1istics of neutral stra ge partic­
les are given. 

The difference between the A and K} and mean momenta for all the 

target masses reflects the difference in production mechanisms for these 
particles. Also, for the lead nucleus, the mean values for the neutral strange 
particles momentum are lower than the values for light nuclei. 

The influence of number medium turns out to be sufficient fo r both: the 

K} and the A spectra. For the deuterium target, one can assume that K}­
mesons are produced mostly in elementary NN interactions; but for a heavy 
nucleus this assumption seems to be simplified. The cross section of stran­
geness-exchange reactions like KN -+ Ax is a decreasing function of a kaon 

momentum 124), so one could expect that the spectrum of emitted K} should 

be enriched with the high-momentum component. The data of our experi­
ment do not prove this suggestion. 
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Table Va. Kinematical characteristics of neutral strange particle in if-A interactions. 
All values are given in (GeV /c), (GeV /c)1 

d-d d-C' d-Pb 

( P,) K? 0.349 ± 0.023 0.430 ± 0.027 0.431 ± 0.016 

( p:) K? 0.172 ± 0.023 0.236 ± 0.028 0.222 ± 0.016 

( p) K? 2.14 ± 0.25 2.03 ± 0.25 1.28±0.17 

( P1 ) A 0.295 ± 0.021 0.487 ± 0.034 0.457 ± 0.015 

(p:) A 0.124 ± 0.017 0.297 ± 0.041 0.279 ± 0.017 

( p) A 1.52 ± 0.20 1.60 ± 0.21 1.16 ± 0.09 

Table Vb. The inverse slope paramteres (MeV) 
for neutral strange particles momentum spectra at various energies 

Reaction d-d d-C' d-Pb d-Ta (71 d-Xe [12) d-Xe [16) 
Momentum 12.2 12.2 12.2 4 at rest 200 
(GeV/c) 

"fJ from p• K? 110 ± 10 169 ± 14 172 ±II 117 ± 15 173 ± 22 

"fJ from p1 K? 135 ± 13 
104 ± 14 145 ± 17 158 ± 12 

"fJ from p• A 88 ± 9 119 ± 28 138 ±II 53± 9 144 ± 17 

"fJ from p
1 

A 81 ± 19 108 ± 20 119 ± 9 97 ± 6 

The neutral strange particles momentum spectra were fitted to relati­

vistic Maxwell-Boltzmann distribution dN/dp=A(p2!E) exp (-E!'fJ) 

( 12,14 ], where the normalization constant A and the temperature 'fJ are 

experimenta l parameters. For comparison with the other experiments, the 

fit was fulfilled in the reference system where ( y*) is equal to zero. All the 

spectra were described satisfactory using one temperature parameter. 
Figure 7 presents the distributions of the transverse momentum squared 

for x<} and 1\ particles. These distributions were fitted to an exponential 

form A exp ( -Bm
1
), where m

1 
is the transverse mass. 
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Fig.7. r, distributions or Jt'l-particles in dA-interactions. The Fit is explain­

ed in the text 

The values for inverse slope parameters TJ and 1 I B in both: the mo­
mentum and the transverse momentum fits, are given in Table Vb. They are 
close to those obtained in pA-interactions [7, 12, 16). 
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Fig.8 . The slope parameters versus «available maximum energy per 
elementary collision• in various nuclear reactions (Rer. [321) 

Figure 8 shows a summary of the parameter tJ plotted versus «available 
maximum energy per elementary collision•, which is defined as 

E = .fS- 2M for proton-induced • p 

a nd E = Ys for antiproton-induced reactions. 

The picture is taken from 132 1. The parameter tJ ford- Pb interactions does 
not differ greatly from the values obtained in p-nucleus or ion collisions. 

The dashed line indicates the lowest estimate of the critical temperature 

for qg.:.plasma transition; though the more realistic estimation for t!:riticul is 

about 220 MeV at corresponding energy density 1-2 GeV /fm3 1331. _ 
In Table VI the kinematical characteristics on negative hadrons in dA 

interactions are presented. These characteristics seem to be not very sen­
sitive to the reaction mechanism, contary to neutral strange particles. 

In Fig. 9 we compare the rapidity distributions of negative tracks (mostly 
pions) produced in interactions with A-particles and in ordinary interac­
tions. The observed shift towards the lower rapidity may indicate the pre­
sence of a more developed cascade in A-containing events; thought it could 
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Table VI. Kinematical characteristics or negative charged particles in dA int ractions. 
r> is deduced from p:-distributions 

( p
1 
)(GeV /c) 

( p:) (GeV /c)1 

f' (MeV) 

(P)(GeV/c) 

(Y) 

( P1 ) (GeV /c) 

( p:) (GeV /c)1 

i> (MeV) 

( P) (GeV/c) 

(Y) 

0.30 

0.20 

0.10 

Without .,0 

0.233 ± 0.008 

0.102 ± 0.007 

102 ± 5 

0. 962 ± 0.038 

1.522 ± 0.034 

Without .,0 

0.264 ± 0.007 

0.112 ± 0.006 

116±4 

0.811 :!: 0.030 

1.240 ± 0.028 

li 

d-C' 

With If. With A 

0.300 ± 0.018 0.276 ± 0.017 

0.147 ± 0.016 0.124 ± 0.015 

136 ± 13 113 ± 9 

1.127 ± 0.089 1.053 ± 0.101 

1.435 ± 0.068 1.421 ± 0.066 

d-Pb 

With If. With A 

o. 258 ± 0.009 0.268 ± 0~008 

0. I 08 ± 0.008 0.125 ± 0 .0ti 

103±5 108 ± 5 

0.688 :!: 0.033 0.646 ± 0.027 

1.046 :!: 0.037 0.952 ± 0.029 

0.00+---....Y..~,........~~~.......,i.V,............<h---~;.....,.~T""'" .......... ........, ...................... 
·2 -1 0 I 2 3 4 S -1 0 I 2 3 4 S 

ylab ylab 

Fia.9. Normalized lab rapidity distributions of neaative hl!_drons for 
A-events (solid line) and ordinary events (dashed line) in d-C' and 
d-Pbcollislons 
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Fig.! 0. The dependence or the production ratios 11./ h- and J<.? I h- on the charged tracks multi­

plicity 

be explained that less energy is available for Jr's production in these events 

due to the limited phase space. 

In Fig.lO the dependencies of the production ratios A/h- and J<!l!h-

(strange/ to non-strange) as the function of the associated charged tracks 
multiplici ty are shown. The behavior of these ratios also indicates clearly 

that different production processes are important in i\ and J<!l cases and for 

heavy /light nuclei. 
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7. Conclusion 

We have studied the neutral strange particle production in antideute­
ron-nuclei interactions at 12.2 GeV I c. Our results are in agreement with the 
data from the antiproton experiments at various energies and nuclear tar­
gets. The main results can be summarized as follows: 

• In d-nuclei interactions, the A production cross section is enhanced. 

The yield of A i~ almost equal to yield of J(} even for a deuterium nucleus, 

but equal to 2 in dPb interactions. For lead, the A production cross section is 
a substantial part of the total inelastic cross section. 

• The dramatic difference in A and A productions in dA interaction was 

observed. The ratio RA/11. turned out be small: 3x 10-2 for the lead target. 

• The yield of A particles in peripherical interactions is suppressed if to 
be compared with yields in non-peripherical case. At the same time, the «pe-

riphericity>> of the interaction does not influence sigificantly the J(} yields. 

• The dependence of production yields on target Qlass is differ~nt for 

A-, J(}- and A-particles. At the same time, the data on yO from periphe­

rical interactions show the similar trend. 
• The observed difference in relative yields of A-particles in antideute­

ron-deuteron interactions with and without stripping antiproton, may ref­
lect the sufficient role of rescattering processes for A production even in the 
simplest deuteron nucleus in spite of its poor structure. 

• Rapidity distributions for A's show strong deviation from one-nuc­
leon kinematics. It may indicate the important role of collective multinuc-

leon processes in A production on heavy nucleus, contrary to J(} production. 

• The enhancement of grey track multiplicity is observed in the events 
with A-hyperons. This fact could be interpreted as a signal of a more 
developed cascade in nucleus. The relative increase of A-production while 
nch and nh growing is in accordance with the prediction of (28 ]. 

• The difference in kinematical characteristics of A and J(} is observed. 

It may reflect the importance of different production mechanisms for A and 

~particles. Our data allows one to suggest that A particles are produced in s 
secondary reinteractions and rescattering processes. 

The authors are grateful to S.Yu.Schmakov and V.V.Uzhinskii. Their 
help in background simulation and calculations using DIAGEN code, was 
very important for our studies. 
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Kpan11cue CoOOIJ¥!HUR OHHH M! 2/J9 }-93 

Y,l\K 539.1.03 
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HCCJIE)l.OBAHHE HEitTPHHH0-3JIEKTPOHHOrO PACCESIHHSI 
C llOMOIIJ.biO BbiCOKOHHTEHCHBHbiX HCTOIJHHKOB 
HEitTPHHO 

A.B.foJiy6ttHKOB, O.A.3anM~opora, O.IO.CMupHoB 

noKaJaHO, 'ITO npHMeHeHHe HCTO'IHHK08 HeihpHHO C HHTeHCH8HOCTbiO, 
npe8b1Wal0wei1 nOTOKH Hei1TpHHO OT COJJHU.a, n03BOJllleT HCCJie)IOBSTb Hei1T­
pHHH0-3JleKTpoHHoe paccellHHe H C80HCTBS Hei1TpHHO 8 JJa6opaTOpHbiX )'CJI0-
8HilX . 

Pa6on 8btnOJJHeHa 8 Jia6opaTopHH csepx8biCOKHx 3Hepnti1 OH~H. 

Investigation of Neutrino-Electron Scattering Using High 
Intensity Neutrino Sources 

A.V.Golubchikov, O.A.Zaimidoroga, O.Yu.Smirnov 

It has been shown that using high- Intensity neutrino sources exceeding the 
neutrino nux from the Sun allows one to Investigate the neutrino-electron 
scattering and peculiarities or neutrino in laboratory . 

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

Hn3K03HeprcTHttHall HenTpHHHall cneKTpocKonHII HMeeT <I>YH~aMeH­

TaJibHoe 3HatteHue Mil uaytteHHII cooncTB HenTpHHo. HenTpHHH0-3JieKT­
poHHoe pacceiiHHe npH HH3KHX ;)HeprHIIX OtteHb ttyBCTBHTeJibH K BKJia~y 
3JieKTpoMarHHTHoro oaauMo~eHCTBHII HeHTpHHO I I ), a H3MepeHne MarHHT­
Horo MOMeHTa HeHTpHHO HMeeT npHHU.HnHaJibHOe 3HatteHHe ~JISI COBpeMeH­
HOH KBaHToson Teopuu 1 I ). 

Ynpyroe HeHTPHHH0-3JieKTpoHHOe paccesiHHe ocy~eCTBJIIIeTCII aa ctteT 
3apll.lKeHHOro H HeHTpaJibHOro TOKOB. npaKTHtteCKH HH3K03HepreTHtteCKHH 
nopor o6pe3aHHII CneKTpa 3JICKTpoHOB ooyCJIOBJICH TOJibKO noporoM ~eTeK­
TOpa (-0,2 M38). 

noJIHoe cetteHue (v - e)-pacceiiHHII Mil aapll.lKeHHoro TOKa s n.!ITb paa 

npesblwaeT noJIHoe cetteHue Mil HenTpaJibHOro TOKa npu 3Hepruu -1 M3B. 
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.ll.n<txt>epcn~HaJibnOe Ce'leHHe ~JISI npo~eCCOB V 
3 

- e H V H - e npHBe~eHO 

nH)I(e (2 ). 

2 
T Tm c 

da /dT = a0 (0,533 + 0,053(1 - -)2 - 0,168 --f-1, (la) 
e Q Q 

Tm c2 

da/dT = a
0

(0,073 + 0,062(1 - T)2 - 0,168 --f- ), (16) 
Q Q 

r~e a
0 

= 172,21·10-46 
CM

2 
/M38, T- KHneTH'IeCKaSI 3neprHSI 3JieKTpona 

OT~a'IH u q- 3nepruS1 na~a10w,ero neihpuno. MonoxpoMaTH'Inhle neihpu­

uo o6pa3y iOT CneKTp OT~a'IH 3JieKTpoHOB npaKTH'IecKH C JIHHeHHhiM HaKJIO­

HOM H <<KOMUTOHOBCKHM» OOpe3aHHeM npH MaKCHMaJibHOH 3HeprHH 3JieKT-

2l 
poHOBT = ~2 . 

max me q 

MarH HTHhiH MoMeHT ueitTpnuo 

B uacToSiw,ee speMSI ~sa H3BeCTHhiX 3KcnepnMeHTaJJbHhiX ¢aKTa (3)­
~e¢n~HT UOTOKa COJine'IHhiX HeHTpHHO H KOppeJISI~HSI DOTOKa HeHTpHHO C 

COJine'IHhiM ~HKJIOM - CB~eTeJibCTBYIOT B UOJ1b3Y HaJIH'IHSI y HeihpHHO 

Marun.Tuo ro MOMeu;.a. CTau~apTHaSI TeopuSI (KX.D. + TeopuSI CJia6oro B3an-

Mo~eitcTBHSI) npe~CKa3hiBaeT, 'ITO ,Uv - 10- 19 
,UBohr" 

nepBhle pe3yJihTaThl, UOJiy'leHHhle Ha ycTaHOBKe faJJJieKC (4), 00-BH­

~HMOMY, yKa3hiBaiOT Ha B03MO)I(HYIO 3HepreTH'IeCKYIO 3aBHCHMOCTb BhiXO~a 

COJIHe'IHhiX HeHTpHHO • 

.ll.JISI o(),SICHeHHSI COJIHe'lnOro C~enapHSI )l(eJiaTeJihna BeJIH'IHna MarnHT-

noro MOMenTa neitTpHnO ,U - 1 0-ll ,u8 h • 0TKphiTHe TaKOro MOMenTa 6e3-. v o r 

yCJIOBnO CB~eTeJibCTBOBaJIO 6hl B UOJib3Y nOBOH ¢H3HKH one CTaMapTnOH 

MO~enu. B nOCJie~nee opeMSI cephe3nhle TeopeTn'leCKHe ycHJIHSI 6biJIH ua­

npaonenhl na pa3BHTHe Kon~en~uu 6onhrnoro MarnuTnoro MOMenTa o co­

'leTanuu c Manon Maccoit HenTpHHO (5). B HaCTOSiw,ee opeMSI H3MepeHHSI 

-10 
~aiOT oep xHIOIO o~eHKY ,uv < 4 · 10 .Usohr' a acTpo¢H3H'IeCKaSI o~eHKa 

,u <3· 10-12. 
v 

MarHHTHoe pacceSIHHe HeitTpHHO Ha 3JieKTpoHe HMeeT cne~u¢n4eCKYIO 
3aBHCHMOCTb OT 3HeprHH OT~a'IH 3JieKTpoHa: 
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2 :rca
2 1 1 

da I dT = u - (- - -) 
rv 2 T E ' 

me v 
(2) 

r~e a - KOHCTaHTa TOHKOH crpyKTypbl. 

CneKTP :meKTponos oT~a'IH 6blcTpo pacTeT npu Ma.JibiX 3HepruSix, s TO 

BpeMSI KaK CneKTp 3JieKTpoHOB OT~a'IH, 6Jiaro~apSI CJiaOOMY B3aHMO~eHCT­
BHIO, SIBJISieTCSI nJIOCKHM. TaKHM o6paaoM, ce'lenue MarHHTHoro pacceSIHHSI 

TeM OOJibwe, 'leM HHJKe 3KcnepuMeHTa.JibHbiH nopor perucTpau,uu 3Hepruu 

3JieKTpoHOB OT~a\fH . 
.LI,JISI perHCTpaU,HH 3HeprHH 3JieKTpoHOB OT~a'IH OT ynpyroro (v-e)-pac­

CeSIHHSI 6y~eT HcnOJib30BaH ~eTeKTOp <<6opeKCHHO» (6), coopyJKaeMbiH B 
n0~3eMHOH JiaoopaTOpHH rpan-CaCCO B 11Ta.JIHH • .LI,eTeKTOp n03BOJISieT ocy­
~eCTBHTb H3MepeHHe HeHTpHHH0-3JieKTpoHHOro paCCeSIHHSI npH HH3KHX 

3Heprullx u c Ma.JibiM noporoM ( -0, 1 M3B). Mbl nJianupyeM ucCJie~osaTb 

HeHTpHHH0-3JieKTpoHHOe pacceSIHHe C nOMO~biO HCKyCCTBeHHOro HCTO\fHH­

Ka HeHTpHHO, BO MHOro pa3 npeBbiWaJO~ero HHTeHCHBHOCTb nOTOKa HeHT­

pHHO OT CoJinu,a (7), (8). 
B nacTOSI~eu pa6oTe npe~JiaraeTCSI ucnoJib30BaTb :.tonoxpoMaTu'leCKHH 

HCTO\fHHK HeHTpHHO C H30TOnOM Mapraneu,-54. npe~JIOJKeHHbllt B paOOTe 

(8) CTpoHU,HH-HTTpHeBbiH HCTO\fHHK BbiCOKOH HHTeHCHBHOCTH SIBJISieTCSI 6e­

Ta-H3Jiy'laTeJieM, u B aa~HTe HCTO'IHHKa B~eJilleTCll MO~HOCTb -9 KB. 

KpoMe Toro, ua-aa «KOMnTOHOBCKOH» KHHeMaTHKH npou,ecca ynpy roro neu­

TpHHH0-3JJeKTponnoro pacceliHHSI 3HepreTH'ICKHH nopor ~eTeKTopa aa~aeT 
MHHHMa.JlbHYIO 3HeprHIO HeHTpHHO, Bb13biBaiO~YIO npou,ecc pacCeSIHHSI . 

TaK , 300 K3B-Hb1H nopor npaKTH'IeCKH o6peaaeT secb cneKTp, n~y~uu OT 

CTpoHU,H.SI-90. 

MonoxpoMaTH\feCKHH HCTO'IHHK na ocnose H30Tona Mn 
4 

xopowo 

y~OBJieTBOpSieT HCKOMbiM TpeOOBaHHSIM. npu 3TOM Ef: cy~eCTBeHHO npeBbl ­

waeT nopor ~eTeKTopa «BopeKCHHO». 

MonoxpoMaTH'IeCKHe nenTpuno Mn54 ucnycKaeT BCJie~cTsue 3JJeKT­

ponnoro aaxsaTa. 3nepruSI nenTpuno cocTaBJJSieT I, 16 M3B. C nepuo~oM 

nonypacna~a T 112 = 312 ~neu Mn54 nepexo~HT s Cr53 (cTa6HJib oe SI~po) . 
.LI,JISI nopora ~eTeKTopa T = 0,1 M3B CJia6oe ce'lenue npou,ecca nop 

nony'IHM, HHTerpupySI (I) B npe~eJiax OT T min = 0, I M3B ~o T max = 
= I ,16 M3B. 

a(0,1- 1,16 M3B) = 9,77·10- 45 cM
2

• (3a) 

.LI,nSI Tnop = 0,2 M3B COOTBeTCTBeHHO 
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a(0,2- 1,16 M3B) = 8,76·10-
45 

cM
2

• (36) 

L{JISI HCTO'lHHKa HHTCHCHBHOCTbiO B 1 MKH, pacnOJIOX<CHHOI"O Ha OOBCp­

XHOCTH ACTCKTOpa paAHYCOM 3 M, 6yACM HMCTb: 

noTOK = 1 MKn = 3,7 ·10
16 

ueifTpnuo/c. 

4HCJIO B3aHMOACHCTBHH B ACHb AJISI nopora 200 K3B - 1361, a AJISI no­

pora 100 K3B- 1518. npH 3TOM 'IHCJIO B3aHMOACHCTBHH COJlHC'lHbiX HCHT­

pHHO cocTa BJISICT 50 co6hiTHif/ ACHb B TOM X<e 3HepreTHllCCKOM AHanaJoue. 

LlnR n o nylleHHSI 3JICKTpoMarHHTHOro cellCHH!I ueo6xoAHMO npoHHTer­

pHpoBaTb BblpaX<CHHC (2) B TCX X<C npCACJiaX. 

a3Jl.Mar.(0,1- 1,16) = 4,24·10-
25 

!J
2
, v 

(4a) 

a:JJl.Mar.(0,2- 1,16) = 2,65 · 10-25 !J2, v 
(46) 

rAe P,.- MarHHTHbiH MOMCHT ueitTpHHO B MarueTouax Bopa. 

L{JISI 1-lv = 1,8 · 10-IO !J B llHCJlO 3JlCKTpoMarHHTHbiX B3aHMOACHCTBHH 

paouo tt HCJIY coobiTHH Ja ctteT CJia6oro BJaHMOACHCTBHSI. ECJIH 

1-l, = l ,8. l o-Il' TO llHCJlO COObiTHH COCTaBHT 7 5 COObiTHH B ACHb. 

CneKTP MarunTuoro pacceRHH!I ueitTpHHO ua 3JICKTpoue, HMetOmuit 

l /T-3aBHCHMOCTb, B OTJIH'IHC OT JlHHCHHOH JaBHCHMOCTH CJiaOOro B3aHMO­

ACHCTBASI, SIBJl!ICTCSil\OOOJIHHTCJlbHbiM <f>aKTOpoM, 003BOJl!IIOmHM 3KCnepH­

MCHTaJibHO HCCJlCAOBaTb OTKJIOHCHHC OT JIHHCHHOH JaBHCHMOCTH. 

npH paOOTC HCOOXOAHMbl KOHTpOJib HHTCHCHBHOCTH H JamHTa HC­

TOllHHKa. MOHHTOpHpoBaHHe HHTCHCHBHOCTH HCHTpHHO MOX<CT 6b1Tb CAC­

JJaHO nyTCM HCnpepbiBHOH pernCTpaU.HH BbiHYX<ACHHOI"O raMMa-HJJJY'ICHHSI . 

Y Mn
54 

- ABC raMMa-JJHHHH c 3HeprHCH 0,8349 H 1,460 M3B c OTHOWCHH­

CM 5000:1 

3amnTa HCTOllHHKa 61>1na paccllHTaua c noMombtO nporpaMMbl EGS4. 

CneAyeT OTMCTHTb, llTO TaKOH paclleT ue TpHBHaJICH, TaK KaK uco6xoAHMO 

Opo<:JlCAHTb 10
16 

cpoTOHOB. 

no3TOMy TpaAHU.HOHHbiH MCTOA paCllCTa, KOr.Aa reuepnpyCTCSI HYX<HOC 

KOJlHllCCTBO raMMa-KBaHTOB H Opo<:JlCX<HBaCTCSI CyAb()a Ka)KAOI"O raMMa­

KBaHTa, HCOpHCMJlCM H3-3a orpoMHOI"O KOJIH'ICCTBa Tpc6yCMOI"O MaWHHHOI"O 

BpCMCHH. 

HaMH npHMeueu Apyroit MCTOA, JaKJIIOllatOmHitCSI s CJieAytOmcM. LlnSI 
Ka)KAOI"O AOCTaTOllHO MaJIOI"O CJIOSI JamHTbl H3 ,AaHHOI"O MaTCpHaJia 6biJI pac­

CllHTaH c n eKTP raMMa-KBaHTOB ua BbiXOAC H3 CJIOSI c 6on&woit TO'IHOCTbiO, 

cneKTpbl 6 hiJIH npoTa6ynHpoBaHbl. KaX<AbiH raMMa-KBaHT 3HeprHH E; o6pa-

50 



3yeT Ha BblXO~e H3 CJI011 CDeKTp raMMa-KBaHTOB Wij' r~e H~eKC i COOTBeTCT­

syeT 3HeprHH Ha BXO~e, a j- Ha BblXO~e. 

(Sa) 

Ha Bblxo~e sroporo CJI011 

(56) 

u TaK~anee. 

npou.ecc npo~OJI.)KaeTCSI ~0 TeX nop, DOKa 3HeprHSI raMMa-K BaHTOB He 

~OCTHrHeT Emax H ux KOJIH'IeCTBO 6y~eT MeHbwe 3a~aHHOro. MaTe pnaJJ 3a-

UJ,HTbl c OOJlbWHM Z o6ecne'IHBaeT xopowee no~aBJJeHne raMMa -KBaHTOB 

C HH3KHMH 3HeprH11MH, a C MaJiblMH Z DO~aBJJSIIOTCSI BblCOK03HepreTH'IHble 

raMMa-KBaHTbl. nonoMy llepe~OBaHHeM cpe~ MO.JKHO ~OOHTbCSI OOJlbWOH 

3<l><t>eKTHBHOCTH 3aUJ,HTbl. TaK, s6JJH3H HCT04HHKa ~OJJ.JKeH Haxo~HTbCSI Ma­

Tepuan C MaJiblM Z ~Jl11 DO~aBJJeHH11 BblCOK03HepreTH'ICCKOH llaCTH t:neKT­

pa. llanee ~OJJ.JKeH CJie~osaTb MaTepuan c OOJlbWHM Z H T.~. !lJJH 

HCTO'IHHKa MOW.HOCTbiO B 1 MKn Mn
54 

HaMH noJJy'leHo, 4TO 3aw,nTa 

~OJI.JKHa HMeTb OOUJ,YIO TOJlUJ,HHY OKOJlO 10 CM H KOMD03Hl.J,HIO 

2 <Fe) :2<Pb) :2(Fe> :2(Pb): 1 <Fe>: 1 (Pb). 
JlaHHblH BapHaHT 3aUJ,HTbl o6ecne'IHBaeT pa~Hal.J,HOHHYIO 6e3o naCHOCTb 

HCT04HHKa H He ~aCT KaKOro-JJHOO BKJla~a B <PoH ycTaHOBKH «f)opCKCHHO>>. 

H3oTon Mn
54 

MO.JKeT 6b1Tb noJJy'leH ua HHTeHCHBHblX JJHHeHH blX ycKo­

pHTeJJSIX npoTOHOB C OOMOUJ,biO peaKLJ,HH 

n + Mn55 .... Mn
54 + 2n. (6) 

Ce4eHne 3TOH peaKU.HH cocraBJJSICT 0, 9 6 npu 3Heprnu En > 6 M3B H 

paCTeT C 3HeprHCH HeHTpoHa ~0 1 , 2 6. llJJH OOTOKa HCHTpoHOB 1014 1/ C H 

MHWCHH H3 Mn55 
C 'IHCTOTOH 99,99% (15x15x15 CM), paCDOJlO.JKe HHOH 3a 

3arJJywKOH norJJow,eHHSI nporoHHOro nyl~Ka, HY.JKHOe KOJIH'IeCTBO M n
54 

Mo­

.JKCT 6b1Tb Hapa6oTaHO 3a 4-6 MeCSil.J,eB o6JJy'leHHSI. npu 3TOM 126 r Mn
54

, 

o6pa3oBaHHOro B MnweHH, ~a~yT HCKOMYJO aKTHBHOCTb. XnMH'ICCKoro Bbl-

~eJJeHHSI Mn
54 

H3 MHWeHH He Tpe6yeTCSI, eCJIH Mn
54 

HMeeT 'IHCTOTY 

99,99%. npu 3TOM ~0 o6JJy'leHHSI Mn55 ~OJl.JKCH 6b1Tb noMeUJ,eH B 3aUJ,HTy. 

Asropbl Bblpa.JKaJOT 6JJaro~apHOCTb yllaCTHHKaM KOJ1Jla6opau.uu <<Bo­

peKCHHO• 3a npo11BJJeHHblH HHTCpeC H DOMep.JKKY. 
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THE FIRST RUN WITH 32S RELATIVISTIC NUCLEI 
AT THE LHE ACCELERATING FACILITY IN DUBNA 

A.D.Koyalenko, N.N.Agapov, V.S.Alfeev, A.M.Baldin, 
V.A.Belushkin, A.I.Govorov, V.M.Drobin, I.B.Issinsky, 
A.D.Kirillov, V.V.Krylov, V.A.Monchinsky, S.A.Novikov, 
V.P.Ovsyannikov, Yu.I.Romanov, I.N.Semenyushkin, 
V.V.Slesarev, A.P.Tsarenkov 

The acceleration of 32 ' S nuclei were first performed at the acceler ling 
facility of UIE. The cryogenic electron-beam Ionizer KRION-S was used as a 
source of ions. The control system of the ionizer was based on fiber-optical 
communication links and a PC/XT computer. The number of particles captured 
in the acceleration mode was (2.2+ 2.5) ·10 51/cycle. The stacks of plastic track 
detectors and photoemulsion chambers were exposed at an energy of 3.65 
GeV/u. • • 

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

llepBhiH CeaHC C ny'IKaMH peJUITHBHCTCKHX ~ep cephl 
Ha yCKOpHTeJlbHOM KOMnJieKCe JlaoopaTOpHH BhiCOKHX 
auepmii 011.5111 B ,ny6ue 

A.,n.KoBaneuKo H AP· 

Ha ycKOf.HTMbHOM KOMWieKce JIB3 snepsLie ocyll(eCTBJieHo ycKOpeHHe 
liAep cepbl 3 S. B Ka'leCTBe HCTO'IHHKa HOHOB HCUOJib30BaH KpHOreHHbiH 3JieK­
YpOHHO-JIY'IeBOH HOHH3aTOp KPHOH-C. CHCTeMa ynpaBJieHHll HOHH:JaTopoM 
peaJIH30&aHa Ha 6aae BOJIOKOHHo-onTH'IeCKHX csllaeft H II3BM PC/XT. "'HCJIO 
3aX&a'leHHblX B pe>KHM yCKOpeHHll 'laCTH!l COCTaBHJIO (2,2 + 2,5) · 1 fll / JlHKJI. 
Q(ieyqeHHe c6opoK nJiaCTHKOBblX TpeKOBblX AeTeKTOpoB H cPoT03MYJibCHOH­
HblX KaMep npo&eAeHO npH 3Hepi'HH 3,65 f3B Ha H)'KJIOH. 

Pa6oTa BbinOJIHeHa s Jla6opaTOpHH BbiCOKHX 3Hepmft OH.SIH. 

Works on accelerating more heavier nuclei are being conti ued at the 
accelerating facility of the Laboratory of High Energies (LHE) in accord­
ance with the proposal on Nuclotron injector development [1 ]. The first run 
of accelerating sulphur nuclei at the Synchrophasotron, LHE using the 
electron-beam KRION-S was carried out in January, 1933. 
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The KRION-S research program was begun in 1985 for the develop­
ment of IBIS technology and for an experimental study of multicharged 

ionization processes for heavy ions, including U82+. For this purpose it was 
necessary to provide an electron beam with energies of -30 KeY and an 
electron density of-5.3 AI cm2

• The confinement time should be one second 
in this case. The electron beam passes through a drift tube which surface has 
the temperature of liquid helium. 

A similar research program was begun on the "SUPER IBIS" instal­
lation at the Sandia National Laboratory, USA at that time. In 1988 we 
realized for the first time electron beams with energies of 80 keY, an 
electron current of 0.2 A and an electron density of 500 A/cm2

• The con­
finement time for ions in the ion trap produced by this electron beam was no 
more than 0.5 s. The ionization factor, namely electron density times con­
finement time, was below 1021 I/cm2

• This ionization factor is sufficient to 

produce Ar18+ ions and corresponding multicharged heavy ions including 

0 s6+. 

To accelerate sulphur ions at the Synchrophasotron, we have chosen the 
"beam-foil " method of acceleration as the most optimum one at heavy ion 
accelerating facilities. This method makes easier the mode of functioning an 
ion source because substantional increasing of the ionization factor is nee­
ded to provide ionization of K-shell. 

KRION-S was installed on the high voltage terminal of the foreinjactor 
of the linac LU-20M. We used fiber-optical links to control the KRION-S 
from the linac contr.ol room. The magnetic field of the superconducting 
solenoid, electron current, cathode potential, cryogenic temperatures , 
vacuum, level and potential distribution along the drift tube are indicated on 
a colour display in the control room. 

The parameters of the KRION-S are the following: 
-electron beam - 0.2 A <DC-mode) 

- electron energy - SkeY 

--'electron density -200 A/cm2 

- ionization factor - 3 · 1020 l/cm2 

-gas for operation -H2S. 

The ion beam from the source with an intensity of 5 · 109 I /Z and 

consistivity (S 1
4+ -80%, S13+ -IS%, S 12+ -5%> was injected into the linac 

LU-20M tuned for the ratio Z/ A = 0.437. After going through a carbon 

stripper, the accelerated ion beam with another consistivity (S 14+ -98%, 
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S13+ -2%)was transformed to the ion beam with (S16+ -20%, IS+ -45%, 

s14+ -30%, s13+ -5%). Only nuclei were injected into the vacuum cham­
ber of the Synchrophasotron. 

The number of nuclei captured in the betatron mode was 3.7 ·107 1/Z. 
An average intensity of sulphur nuclei at final energy 3.5 GeV /u was 

3.5 · 103 particles per pulse. The spectrum of the accelerated beam consisted 

of S16+ -70% and 0 8+ -30%. This means that the gas for the ion source 
had some polutions (-1 %>. The losses of ions during the acceleration 

process due to residual gas were estimated as a factor of 20 at 2 ·10-7 Torr 
for average vacuum in the chamber of the Synchrophasotron. This vacuum 
was provided by a cryopumping system. 

The experiments have shown a good agreement between the spectrum of 
ions after «beam-foil spectroscopy» for an ion energy of 5 MeV /u and 
theoretical predictions. The possibility of stable functioning the IBIS 
KRION-S and the effectiveness of the «beam-foil>> method were shown up 
during this beam run. 

The stacks of plastic track detectors with different targets photo­
emulsion chambers and also a number of other targets were exposed to 
sulphur nuclei accelerated to a maximum energy of 3.65 GeV /u. Expe­
riments on exposure of plastic track detectors are being carried out in the 
framework of the protocol with the physicists from Siegen University <FRG) 
during the last few years. These experiments yielded a series of physical 
results on the study of nuclear collisions, in particular on fragmentation 
cross sections of 160 nuclei over the range of energies from 1 to 200 GeV /u 
(2 ]. The new experimental material will fill up the blanks in data on charac­
teristics of sulphur interactions in the intermediate energy region. 

The authors express their gratitude to L.G.Makarov for the arrange­
ment of the KRION-S program and E.D.Donets and Yu.K.Pilipenko for 
discussion. 
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THE METHOD OF THE TIME-OF-FLIGHT TRIGGER WITH 
DIGITAL SELECTION OF EVENTS 

V.P.Ladygin, P.K.Manyakov, N.M.Piskunov 

The method of timing measurements and the realization of the time-of-flight 
trigger with digital selection using the magnetic spectrometer ALPHA are 
reported. The decision time of the time-of-flight trigger is 8 ,us. High rejection 
power of the trigger without losses confirms the efficiency of the suggested 
method. A further development of the digital selection system is discussed. 

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

Mero~ u;H<J>posoro oroopa COOhiTHH no speMeHH npoJieTa 

B.ll .Jia~hlrHH, n.K.MaHMIKOB, H.M.llHCKYHOB 

n pe,l:ICTaWJeHbl pe3yJibTaTbl nO BpeMeHHbiM H3MepeHJotiiM H peaJJH3aU.HH 
TpHrrepa no BpeMeHH nponeTa 'laCTHU. c U.H<)>poBbiM oroopoM COObiTHH Ha Mar­
HHTHOM CneKTpoMeTpe AJib<J>A. 8peM11 peweHHII TpHrrepa DO BpeMeHH npo­
JieTa COCT8WJIIeT 8 MKCeK. noJIHoe nO,l:laWJeHHe COObiTHH BHe Bb16paHHOI"' Bpe­
MeHHOI"' HHTepBaJJa 6e3 DOTepH CT8THCTHKH CBH,l:leTMbCTByeT 00 34>4>eKTHBHO­
CTW npe,l:IJIOlKeHHOI"' MeTO,l:la. 06cylK,l:laiOTCSI nyTH ,l:laJJbHeHwero YJIY'IWeHHII 
CHCTeMbl U.H<)>poBOI"' Oroopa. 

Pa6oTa BbiDOJIHeHa u Jla6opaTopHH BbiCOKHx 3HeprHH OIUIH. 

1. Int r oduction 

Particle identification is achieved by measuring the times of flight and 
momenta of the registered particles. The mass of the particle is determined 
from the equation: 

/ tc 2 1 M = p (L) - , (1) 

where M is the mass of the particle; p, its momentum; t, the time of flight of 
the particle over a distance L, and cis the speed of light. 

Of particular interest is the possibility of discriminating against a 
specific kind of particles (for example, protons or deuterons) at the trigger 
level in the s tudy of processes having small cross sections in the presence of 
a high background rate. As an example of such a situation, Fig. I shows the 
time-of-fligh t spectrum of protons from dp backward elastic scattering at an 
angle of 180. and of background inelastic deuterons of the same momentum. 
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800 ,--,--T--r--,-- Fig. I. Time-of-flight spectrum of protons from 
dP backward elastic scattering at 180" and 
background inelastic deuterons N 
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The ratio of deuterons to protons is 
of the order of 103

, and therefore it is 
necessary to select protons at the 
trigger level for efficient data taking. 

In the present paper we describe 
the method of timing measurements 
and the realization of the time-of­
flight trigger with digital selection 

using the magnetic spectrometer "ALPHA" with a polarized deuteron beam 
at the Dubna synchrophasotron. 

2. Method of Timing Measurements 

Two particles with the same momentum but different masses. m1 and 

m2 differ in the times of flight over a baseline L: 

L (J m 1 2 j m2 2 ) ll.T = T - T = - 1 + (-) - 1 + (-) . 
mt m2 c p p 

(2) 

It is clear that for the identification of particles by their times of flight, it is 
necessary to increase the baseline L or to improve significantly the timing 
resolution of the time-of-flight system. 

In modern high energy physics experiments [1-12 ] the typical 
difference of the times of flight is of the order of a few ns, and that sets 
severe demands on the timing resolution of the used detectors and 
electronics. 

There are some main contributions to the resolution of the time-of­
flight system [20-21 ]: 

1) fluctuations in the time of arrival of photons at the PMT due to the 
decay time of scintillator light (time dependence of the intensity of a hit in 
the counter), dispersion of the path length of photons inside the scintillator, 
the conditions of light collection and so on, 

2) a timing jitter of the photomultiplier, 
3) a jitter of the spectrometer track and associated electronics. 
Therefore, the timing resolution of the system is: 

a'2 = a'2 + a'2 + a21' (3) sc pm e 
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where asc is the contribution of the scintillator to the jitter; apm' the timing 

jitter of the photomultiplier; ael' the jitter of the electronics. 

Achievements in the direction of improving the timing resolution of a 
scintillator counter are the design of scintillators with a low decay time, 
better light collection, viewing of the scintillator by two or more PMTs [13-
19 ], use of faster photomultipliers [26 ], time-walk corrections proportional 
to the total pulse height of a signal, etc. - all of which make it possible to 
reach a time resolution of 5! 170 ps [4 ]. 

3. Realization of the Time-of-Flight Trigger 
with Digital Selection of Events 

To measure the polarization transfer from deuteron to proton, it is 
necessary to provide both a reliable identification of protons and the 
possibility to discriminate against inelastic deuterons. A schematic view of 
the measurements is_presented in Fig.2. The slow extracted beam of vector 

polarized deuterons with an intensity of 5! 109 particles per burst is incident 
on the carbon target T 1 disposed in the focal plane F3 of the beam line VPI. 

The momentum of the deuterons varied from 9 to 6 GeV /c. The particles, · 
produced by the interaction of the primary beam with the target T 1, with a 
momentum of 4.5 CeV /c, are directed to the target T

2 
of the setup ALPHA. 

Their ~ngles and rJlOmenta are measured before and after T 2 by the pro­

portional chambers <PC) of the magnetic spectrometer ALPHA. 
The scintillator counte~ S1,1, S12, and S 13 are used to measure the times 

of flight of the particles. The counter S13 was mounted in front of the second 

target, S11 and S 12 m the focal plane F4 of the beam line VP 1. The position of 

beoM F3 F4+ FS 
~-cr- + l/ -y- -

~~ 

Fig.2. Overview of the magnetic spectrometer ALPHA . S1 - scintillator counters, PC -
proportional chambers, M 1 - magnetic elements, T2 - second target 
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Fig-. 3. Times of flight of protons, euterons and 
tritons over a baseline of 42 m versus their 
momenta: a) theoretical curves: ) taking into 
account the momentum acceptance of the 
magnetic spectrometer lip/ p = 0.03; c) taking 
into account lip/ p = 0.03 and the internal 
resolution of the TOF-system (o 5!! 400 ps) 

b) the counters at focus F4 allows one to 

minimize the influence of the material 
of the counters on beam parameters. 
The distance between Stl, (Sa), and 

c) 
St3 was 42 m. The difference of the 

times of flight over this baseline 
for deuterons and protons with 
momentum P0 = 4.5 GeV /c is 

td- tp = 8.67 ns (Fig.3a). Taking 

into account the momentum acceptance of the magnetk spectrometer l!.p/ p, 
we select particles having the time of flight over the time interval : 

~~=-( 12 2)1:!.p, (4) 
o l + p /m Po 

(see Fig.3b). 
The Amperex XP2020 (25) photomultipliers are used at one end of the 

scintillators of each counter. The dimensions of the scinti llators are 
. 100xl00x5 mm3 for St

3 
and 

tOOO ------.---.- - --,--- ,--.- --, - l50x60x5 mm3 for Stl and Sa. 
N a=400 p·s 

800 ··1 The curves describing the timing 

I 
resolution of the TOF-system for a 

600 I baseline of 42 m, the momentum I acceptance of the magnetic spect- -

I 

~ 
rometer of l:!.p/ p = 0.03 and an 400 -

200 

0o'---_1,_o_2_co_3_._o_ 4__._o 5 o_6.o 
TOF 

Fig. 4. Internal resolution of the time of flight 
system 
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intrinsic resolution of 5!!! 400 ps 
versus the momentum of the 
registered particle are presented in 
Fig.3c. The internal resolution of the 
TOF-system obtained from Stl and 

Sa information is 5!!! 400 ps (Fig.4). 

The timing jitter of the electronics 

r 



ael is !:!! 150 ps; the jitter of the photomultipliers apm!:!! 260+300 ps and the 

intrinsic resolution of the counters St1, St2' and St3, about 300 + 350 ps. 
4 

The coincidence of the counters S 1, S2, St3, S 4, and L SABi is used as 
i=l 

a first level trigger. The jitter of a trigger signal is !:!!2 ns. This does not allow 
one to establish the time-of-flight trigger by the analog method nor by using 
a coincidence circuit with short discrimination times [22-24,27] under the 
conditions of our measurements (Fig.3c). 

The idea of the time-of-flight trigger is based on the use of a series of 
reference frequency signals of the time-to-digital converter (TDC). The 
schematic diagram of the time-of-flight trigger with digital selection and the 
timing diagrams explaining its operation are presented in Figs.5 and 6, 
respectively. 

The choice of St3 as a start counter decreases significantly the number 

of accidental starts of the system because, firstly, the typical rates are 

8t31 CFD 

~~loaic of ===: 1 level ===: Tri11aer 

Gate 1 

TriKaer 

Fig.S. Organization of the time of flight trigger with digital selection. CDF- constant fraction 
discriminators, SCC - strobed coincidence circuits, T1 - timers, TDC - time to digital 

converter, D F - frequency divider, T- delays 
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Gatel 

~ 
Gate2 

Tl 
---, 0.6 Ue 
Clear~l~----~~~--~ ~-------------------------------
T2 

0.7 Ue 

T3 

Clear2 

input DF 111111111111111111111111111 ••.•••••.•... . 
"N" output DF 
u~------------------------

T4 

Tri11er 
u 

Fig.6. Time diagram of the time of flight trigger operation 

2 · 103 for S t3 and 3 · 105 for S t2( S tl) per burst ( 400 ms) and, secondly, S t3 is 

included in the logic of the first level trigger. 
Signals from the counters St3 and St2 are fed to the inputs of the 

constant fraction discriminators <CPO). The CFD output signal occurs in­
dependently of pulse height Uin and is created when the incoming pulse 

reaches aUin' where a < 1. Experience with time-of-flight systems shows 

that a better time resolution for the scintillator detectors is obtained 
providing a = 0.05+0.2 [30 ]. We are using a = 0.2. The thresholds of the 
CFDs are= 60 mV. 

The shaped signals, having a duration of = 30 ns are passed through 

the coincidence circuits (SCC) strobed by a first level trigger signal (Gate I 
and Gate 2). The strobe duration is = 85 ns. This is determined by the time 
spread of stopping signals from deuterons and protons and by the duration 
of the CDF output signals. 
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Fig. 7. Time of flight spectra of secondary particles: 
a) without selection; b) with time of flight selection 

Event selection according to the ti­
me of fligh t was done in 2 stages. At the 
first stage the mandatory presence of 
the signal St2 is required. In the absence 

of this signal, <<Clear l» is generated to 
clear information in the CAMAC crates 
and to reenable the data acquisition sy­
stem. The decision time is 0.6fJ.S. 

:~:[1][] a) 

0 ·,~ 
:~:l , ·. io(~~ b) 

00 5 TOF, ns 

The type of particle is identified by the presence of a signal from the 
counter St2. For this purpose a series of reference signals with a frequency of 

20 MHz taken from the TDC circuit is fed to the input of the frequency 
divider <DF), controlled either manually or by a CAMAC-bus. 

If the number of reference signals is larger than the set «N>>, the DF 
generates a signal which indicates that the time interval (Tstop - Tstart) is 

longer than N · 0.125 ns. In this case data-taking is initiated. When there is 
no DF signal, «Clear 2>> is generated to clear information in the CAMAC 
crates and to reenable the data acquisition system. The total decision time of 
the trigger is 2 8 f.lS. 

The time of flight spectra (k 2 420 MeV /c) with and without time of 
flight selection are presented in Fig.7. The ratio of inelastic deuterons from 

the react~on 12C(d,d')X to protons from the reaction 12C(d,p)X corresponds 
to the expected one [28-29). The differential cross sections of these 
reactions versus the light-cone variable k are shown in Fig.8. 

The total suppression of unwanted particle, the high rejection power of 
the trigger without losses confirm the efficiency of the suggested method of 
the time-of-flight trigger. Undoubtedly, advantages of the proposed method 
are also the possibility of computer cont-
rol, the dialog regime included, and re- •._ 1 o ' 
lative simplicity in tuning (in compari- '( 
son with other methods of trigger reali­ ~ 10' > 
zation) which is very essential in the 
analysis of rare processes. 

To achieve the above method, 
standard eletronics circuits made at the 

Fig.8. Data on the differential cross sections from 
the reactions 12C(d,d')X and 12C(d,p)X versus the 
light-cone variable k(k "" 420 MeV /c) 
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Laboratory of High Energies are used. A further development of the digital 
selection system is possible by decreasing the duration of signals from CDF 
from 30 ns to 5 ns and the strobe duration from 85 ns to 30 ns, respectively, 
and by increasing the frequency of reference signals approximately by a 
factor of 10. 

The authors would like to express their thankfulness to I .M.Sitnik, 
E.A.Strokovsky and L.Penchev for stimulation of interest in this work and 
constant help at all its stages. Also, the authors would like to thank 
N.S.Moroz for the given scintillator counters; Yu.A.Kozhevnikov, 
I.G.Zarubina, Yu.S.Anisimov, V.M.Grebenyuk for their help in the present 
work. 
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KpamKue coo6U¥?HUJI OHJ/H N!J2{59}-93 

Y ~K 539.126.33 

1/NR Rapid Communications N o.2{59}-93 

IIEPBhiE PE3Y JihTAThl HCCJIE,l(OBAHIUI KOHBEPCHH 
MIOOHHR:- AHTHMIOOHHR: HA <I>A30TPOHE JI5111 0 1151H 

B.M.A6a3oB, H.fi.AnemHH•, B.A.BapaHoB, A.H.BpamH, 
B.A.ropAeeB•, C.A.rycroB, E.r . .ll.pyKapeB•, A.IO.KHceJieB•, 
E.H.KoMapoB•, H.fi.KpaBl.J.yK, T.H.MaMeAOB, O.B.MHKJiyxo•, 
H.B.MHpoxHH, A.H.MHxaH.noB•, IO.r.HaphlmKHH•, O.B.CaBl.J.eHKo, 
B.A.CKHaph•, B.B.CyJIHMoB•, A.fi.<l>ypco.B 

Ha HHTeHCH8H0M ny'!Ke n08epXHOCTHbl.X MIOOH08, nOny'leHHbl.X Ha <j>a30T­
pOHe OHSIH c noMOll.\biO niHpoKoyroJibHOH MamHTHOi1 JIHH3bl, npo8eJ~eH co-
8MeCTHbiH 3KCnepHMeHT llHSI<l>- OHSIH no noHCKY KOH8epcHH MJOOHHH ­
aHTHMJOOHHH (M -+ M). HcnoJib30B3JiaCb HOBall MeTOJIHKa, o6naJ~aJOll.\a!l 8bi­
coKoi1 C8eTOCHJIOH pernCTpa~HH npo~ecca KOH8epCHH H HH3KHM yp08HeM <j>O­
Ha, OCHOBaHHa!l Ha perHCTpa~HH 8biCOK03HepreTH'IHbl.X 3JieKTpoH08 OT pacna­
Jia MIOOHa aHTHMIOOHHll WHpOKOanepTJQ!:!blM MamHTHblM• cneKTpOMeT OM·. 
Co6b1THi1, C8!133HHbiX c nepexOJIOM M-+ M, He o6Hapy>KeHo. )J..n11 8epO!ITHO­

CTH npo~ecca KOH8epcHH OTHOCHTeJibHO OObi'IHOI'O pacnaJ~a MIOOHa nOJIY' IeHO 
orpaHH'IeHHe W MM < 3,9·10-7 (90% ypo8eHbJIOCT08epHOCTH), 'ITO 8 I ,7 aaa 
JIY'!We Cyll.l,ecT8YIOll.\eH Cel'OJIHSI O~eHKH. Hosoe 3Ha'leHHe JIJ)ll KOHCTaHTbl ne­
peXOJia MJOOHHH- aHTHMJOOHHH GMM < O,J3 ·Gp (90% CL). 

Pa6oTa 8binOJIHeHa 8 Jla6opaTOpHH !IJiepHbiX npo6neM OHSIH. 

The First Results of the Muonium to Antimuonium 
Conversion Experiment at Dubna Phasotron 

V.M.Abazov et al. 

The muonium to antimuonium conversion experiment was carried out by the 
PNPI and the JINR groups with use of the intensive surface muons of D bna 
phasotron. This muon beam has been achieved by means of a wide-angle mag­
netic lens. The new method has been use~ot identify muonium to antimuo ium 
conversion with high probability of M-+ M process and lower background. T he 
idea of the method is to detect the high energy electrons from the antimuonium­
muon decay by a wide-aperture magnetic spectrometer. The first results of this 
experiment are described. No events of theM -+ M conversion were observed. 

The upper limit for the branching ratio of the process inves~fated with respect to 
normal muon decay is measured to be WMM<3.9 · JO (90% confidence 
level). This result is a factor of I. 7 better than the previous experimental l imit. 
The new value for the coupling constant of theM-+ M conversion process is 

GMM < 0.13·Gp (90% confidence level). 
The investigation has been performed at the Laboratory of Nuclear Prob­

lems,JINR. 

• lleTep6yprcKHi1 HHCTHTJT !IJiepHoi1 <j>H3HKH HM.6.ll.KoHcTaHTHHosa PAH 
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IlepeXOA MIOOHH.si (M = #+e-) B aHTHMIOOHHH (M = #-e +) npeA­

CTaBJI.sieT HHTepec B CB.si3H C IlpOOJieMOH HecOxpaHeHH.si JieiiTOHHOI'O llHCJia. 

IlepexoA M -+ M Tpe6yeT HecoxpaHeHH.si nerrTOHHhlX KBaHTOBhlX llHCeJI: 

!lL e = - 2; !l.L
14 
= 2. ECJIH npeAIIOJIOX<HTb cym;ecrsosaHHe B3aHMOAeifCTBH.si, 

rrepeBOA.sim;ero M B M, TO COCTO.siHH.siMH c onpeAeJieHHhlMH MaccaMH CTaHo­

B.siTC.si JIHHeHHhle KOM6HHau;uu COCTO.siHHif M u M: M 1,2 = (M ± M)/2. 

IlpH 3TOM eCJIH B MOMeHT t0 = 0 CHCTeMa rrpeACTaBJI.sieT co6oif llHCThlH MIOO­

HHH, TO K MOMeHTY t OHa nepeXOAHT B COCTO.siHHe 

1e " + 2e " , [M -im1t-r t/2 M -iml-r t/2] 

rAe r.u- s epo.siTHOCTb pacnaAa, ml,2- MaCChlllaCTHI.J; M,,2. TaKHM o6pa-

30M, B cncTeMe nponcxoASJT ocu;HJIJISII.J;HH M -+ M c nepHOAOM T = 2n/ I d I 
(d = 2< M IJ<IM>), a sepo.siTHOCTb W -, Toro, liTO MIOOHHH 6yAeT 

MM 
pacnaAaTbCSI KaK aHTHMIOOHHH (sepo.siTHOCTb KOHBepcuu) [I ]: 

W MM = I d 1 2/2r~. ECJiu npeArrHcaTb J< OOhlllHYJO (V-A) -CTPYKTYPY c 

KOHCTaHTo if G - = G ·f, TO sepoSITHOCTb w - = 2,5 ·I0-5f. 
MM F MM 

Ew,e 8 nepHOA AO C03AaHHSI CTpaUAapTHOH MOAeJIH 3JieKTpoCJia6hlx 

83aHMOAeHCT8HH HCCJieA08aJIHCb MOAeJIH HapyweHHSI JieiiTOHHOI'O llHCJia, 8 

KOTOphlX n pou;eCChl C I /l.LI = 2 OKa3hl8aJIHCb OOJiee 8epoSITHhlMH, HeX<eJIH 

c I !l.L I = I. Muorne H3 HHX HaWJIH C80H auanor 8 co8peMeHHhlX Kann6po-

80llHhlX CXeMaX, a £"iOSI8JieHHe 8 TeOpHH XHITC08CKHX 0030H08, nepeHOCSI­

W.HX nenTOHHhle 4HCJia L = 2 n 8bl3hl8atOw,nx TaKHM o6pa3oM npou;eccbl 

c I !l.LI = 2 8 nep80M nopSJA~e no KOHCTaHTe 83aHMOAeHCT8HSJ, oKa3aJIHCb 

CJieACT8HeM 6onee o6w,nx <l>n3H4eCKHX npeAIIOJIOX<eHHH. 

IlpH 3TOM XHITC08CKHe 0030Hbl AaiOT 8KJIM B aMIIJIHTYAhl ApyrHX pe­

AKHX pacna AOB, HCCJieA08a8wuxcSJ paHee. Cpa8HeHHe c 8epxHen rpaHnu;eu 

Ha BepoSITHOCTH IIOCJieAHHX AaCT orpaHH4eHHe Ha 8eJIH4HHY HCCJieAyeMOH 

KOHCTaHTbl f. J1.pyroe orpaHH4eHHe IIOJiy4aeTCSI 6Jiai'OAapS1 8b1COKOH T04HO­

CTH H3Mep eHH.si aHOMaJibHhlX MarHHTHbiX MOMeHT08 MIOOHa H 3JieKTpoHa. 

Mana.s~ 8 eJIH1lHHa pacxoX<AeHHSI 3KcnepuMeHTaJibHbiX n TeopeTH4eCKHX 

AaHHbiX Aa CT orpaHH4eHHSI Ha 803MOX<Hb1H 8KJiaA XHITC08 8 aHOMaJibHble 

MarHHTHble MOMeHThl # H e. 
HaHOOJiee HHTepeCHOH npeACTa8JISieTCSI MOAeJib, 8 KOTOpoH U (1 )-Jien­

TOHHa.si CHMMeTpH.si HapywaeTCSI cyw,eCT808aHHeM KOHe4HOH MaHOpaH08-

CKOH MaCChl HeifTpHHO • .sJ:pKHM CJieACT8HeM 3TOI'O SI8JieHHSI6hlJIO 6hl OOHapy­

X<eHHe A80 HHOI'O 6e3HeHTpHHHOI'O ,8-pacnaAa, IIOHCKH KOTOporo CeH4aC HH­

TeHCH8HO BeAyTCSI. IlpH 3TOM SU (2)-HHBapHaHTHOCTb Tpe6yeT IIOSI8JieHH.si 8 

MOAeJIH ABaX<Abl 3apSIX<eHHbiX XHITC08CKHX 0030H08, nepeHOCSIUJ,HX JieiiTOH-
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uoe 'IHCJIO _!lL = 2. 3To .n:e.naeT B03Moxuo:U KousepcHIO M ... M npu y'leTe 
B3aHMOAeHCTBH51 B nepBOM nOpMKe. J..f3y'leHHe 3TOI"O nepexo.n:a .n:aeT, TaKHM 
oopa30M, HH<I>opMai.J;HIO 0 XHin:OBCKOM CeKTOpe MO.ll:eJIH, .ll:OllOJIH5151 HCCJie.n:o­
BaHH51 .ll:BOHHOI"O ,8-pacna.n:a. 0TMeTHM, 'ITO .ll:OKaJIH6poBO'IHbiM npe.n:weCT­
BeHHHKOM Mo.n:e.nu 51BJI51eTC51 npe.n:noxeuuoe IIouTeKopso [2 ] B3aHMo.n:encT­
suec!lL = 2. 

3TOT ::>Ke MeXaHH3M .ll:OJI::>KeH npHBO.ll:HTb K KOHe'IHOH Bep051THOCTH 

pacna.n:a 1t + ... #-e + e + v.u. Bepxug:g: rpauun;a AJI51 3TOH MO.ll:bl pacna.n:a 

.n:aeT 1 s 3·10-3• 0TMeTHM, 'ITO eCJIH nenTouuag: U(l)-cHMMeTpHSI SIBJISI­

eTC51 rJIOOaJibHOH, TO MO::>KHO DOJIY'IHTb OOJiee CHJlbHOe orpaHH'IeHHe 

Is 5·10-4• 

Bo3MO::>KHbl H .n:pyme MexaHH3Mbl uecoxpaueuug: nenTouuoro 4HCJia. 
TaK, s npe.n:noxeuuoM LI.epMauoM sapuauTe [3] CTau.n:aPTHaSI MO.ll:e.Jlb .n:o­
noJIH51eTC51 CDOHTaHHO HapyweHHOH nepecTaHOBO'IHOH CHMMeTpHeH S3. 3Ta 

MO.ll:e.Jlb, BOCOpoH3BO.ll:SIIIJ,aSI KOHI.J;elli.J;HIO JiellTOHHOH 'leTHOCTH Bauu6epra H 

<l>euu6epra [1 ], Tpe6yeT 1 s 5 ·10-3• C .n:pyrou cTopoubl, eCJIH B3aHMo.n:eu­

CTBH51 JieDTOHHbiX DOKOJieHHH OOJia.n:aiOT ropH30HTaJibi:IOH yHHTapH.OH CHM-

MeTpHeH (4 ), eCTeCTBeHHO O::>KHAaTbl S 10-6. 

TaKHM o6pa3oM, HHTepecubiMH AJISI ucCJie.n:osaHHSI npe.n:cTaBJISIIOTCSI 

3Ha4eHHSI 10-2 sIs 10- 6• 

3KcnepuMeHTaJibHhle ucCJie.n:osaHHSI TRIUMF [5,6 I u LAM PF [7 I no-
3BOJISIIOT AJISI KOHCTaHTbl G - .n:aTh sepxHIOIO on;euKy: G - < 0 ,29 · GF [6 I 

MM MM 
u G - < 0, 16 · G F ( 7 ], 'ITO yKa3hiBaeT ua ueo6xo.n:HMOCTb .n:an bueuwero MM _ 
3KCnepHMeHTaJibHOI"O HCCJie.ll:OBaHHSI npou.ecca (M ... M)-K HBepcHHH. 
HoBble 3KcnepHMeHTbl Tpe6yiOT npuMeueuuSI cseTOCHJibHbiX ycTauosoK 
u HH3Ko<l>ouoshlx MeTO.ll:HK. O.n:uou H3 TaKHx B03MoxuocTen SIBJISieTcSI 
perHCTpaiJ.HSI 3JieKTpoHOB (u-e)-pacna.n:a Ha BbiCOK03HepreTH4HOM KOHU.e 

MHWeJieBCKOI"O CDeKTpa C DOMOUJ.biO WHpoKOanePTYPHOI"O MarHHTHOI"O ,8-
cneKTpoMeTpa. Bo3MO::>KHOCTH 3TOH MeTOAHKH u ou.euKa <t>ouosblx npou.ec­
cos npuse.n:eubl B pa6oTax (8,9 ). Oco6euuocTb npe.n:naraeMOH MeTO.ll:HKH s 
TOM, 4TO BepoSITHOCTb <l>oHOBbiX npon;eCCOB HH::>Ke HMeiOIIJ,eHC51 3KCnepHMeH­
TaJibHOH OU.eHKH BeJIH'IHHbl W -, H cym.eCTByeT MeXaHH3M DO.ll:aBJieHHSI 

MM 
3THX npou.eccos nyTeM o6pe3aHHSI pemCTpupyeMoro HHTepsana suepruu 

3JieKTpouos (u-e)-pacna.n:a. 
IlOCTauosKa 3KcnepuMeuTa no noucKy Kousepcuu MIOOHHH - auTHMIO­

ouuu u H3Mepeuue sepoSITHOCTH 3Toro npou.ecca npose.n:euo s Te euue 1991 
u 1992 ro.n:os o6be.n:uueuuou rpynnou IIIHI(f)- 0115U1 ua ny'IKe "nosepx­
HOCTHblx" MIOOHOB <j>a30TpoHa JI51IJ 0115111. 
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•' . 
Me30HHhll cenaparop 

PHc. l . CxeMa <jlopMHposaHHll ny'IKa nosepxHOCTHblX MIOOHOB 

.lJ.JISI <f>opMHpoBaHHSI nyllKa «DOBepXHOCTHhlX» MIOOHOB HCDOJib30Ba­

JiaCb illHpoKoyroJibHaSI Me30HHaSI JIHH3a Me~HIJ;HHCKOI"O KaHaJia ( 10 ) H ~0-

DOJIHHTeJib HaSI MarHHTHaSI CHCTeMa, D03BOJISIIOD.J,aSI DOJiyllaTb CenapHpoBaH­

Hhle Me30HHhle nyllKH (pHc.l). OcHOBHhle napaMeTphl cenapHpoBaHHoro 

nyllKa <<nos epHOCTHhlX» MIOOHOB: HMDYJibC 21,5 M::~B/c; M/ P = 7,7%;HH-

TeHCHBHOCTb (npH TOKe npoTOHOB 2,0 MKA) - 4,8 ·105 
c -I; npHMecb no3HT­

poHOB B n y llKe N +IN + = 2; pa3Mep nyllKa (mHpHHa Ha noJiyBhlCOTe) -. e P 

7x8 CM
2

; CKBaJKHOCTb DYllKa 75%. 

CxeMa 3KcnepHMeHTaJibHOH ycraHOBKH, noKa3aHHaSI Ha pHc.2, COCTOHT 

H3 TpaKTa DYllKa «DOBepXHOCTHhlX» MIOOHOB (I) , MHIDeHHOI"O ycTpoHCTBa 

(II), MarHHTHOI"O cneKTpoMeTpa (Ill). Ila~aiOD.J,HH nyllOK MIOOHOB 3aMe~­

JISIJICSI H OCTaHaBJIHBaJICSI s MeJIKO~HcnepcHoM nopomKe Si02 c TOPM03HOH 

TOJID.J,HHOH 10 Mr/cM
2

• 3~ech (s Si02) o6pa30BhlBaJICSI MIOOHHH, ~H<M>YMH­
pyiOm,Hil c TeDJIOBhlMH CKOpoCTSIMH B BaKyyMHYIO o6JiaCTb, r~e H npoHcxo­

~HJio Ha6JIIO~eHHe (M-+ M)-nepexo~a (o6JiaCTb B3aHMo~eiiCTBHSI, BH~ A-A 
Ha pH C. 2) . IloCJie npOXO~eHHSI OKHa BaKyyMHOH KaMepbl ( 100 MKM MaiiJia-
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Nan~<~r NC-4 

,,. 

P11c.2. CxeMa 3KCnepi1MeHTlUlbHOH yCT3HOBKI1 no nOHCKy KOHBepC1111 MIOOHI1SI B 3HT11MIOO­

HI1H. C 1, C 2 - p33Mell\eHHble B BaKyyMe TOHKI1e C'leT'I11KI1 (= "60 MKM) AJI!I perHCTp3L1,1111 

«nooepxHOCTHbiX• MIOOHOB; C 3, C 4 , C 7, C 8 - MOHI1T0p11pyl011\11e C'leT'IHKH AJI!I perncTpa­

Ll,l111 n0311TpOHOB; Cs, c6 - C'leT'II1K11 AJISI pernCTpaU,1111 noJie3HbiX COObiTHH ; TIKI' TIK2, 

TIK3, TIK4- nponopu,HOHlUlhHhle KaMephl; Cu- MeJIHbiH <jJI1JibTp 

pa) no3HTpoHhl rum 3JICKTpoHhl (u-e)-pacna~a c 3Heprneii B HHTepsane 

36 +53 M3B Ha6niO~aJIHCh c noMOIIJ;hiO l.ICThlpex nponopu;HOHaJihHhiX KaMep 

co C'heMOM HHQJopMau;HH Ha JIHHHSIX 3a~ep)KKH [11 ]. CHmanhl c KaTo~os 

nepBhiX Tpex KaMep HCll0Jlh30BaJIHCh ~JISI QJopMHpoB3HHSI 6hiCTporo TpHrre­

pa. lliHpOKOanepTypHhiH cneKTpoMeTpHl.leCKHH M3rHHT C llOJICM B IJ;CHTpe 

M3rHHT3 3, 16 KfC OTKJIOHSIJI 3JieKTpoHhl H ll03HTpoHhl OT pacna~a MIOOHa 

B npoTHBOnoJIO)I(Hhle HanpasneHHSI. Cu;HHTHJlJISIIJ;HOHHhiH CliCTliHK, pacno­

JIO)KeHHhiH 3a KaMepoH: IIK4, QJopMHpoBan BpeMeHHOH cHman p erncTpHpy­

eMoro co6hiTHSI. <l>aKTOM perncrpau;HH co6hiTHSI B cneKTpoMeTpe SIBJISIJICSI 

O~HOBpeMeHHhiH npHXO~ CHrHaJIOB OT Tpex K3TO~OB nponOpiJ;HOHaJihHhiX 

KaMep IIK1+IIK3 H ~syx CIJ;HHTHJlJISIIJ;HOHHhiX ClJeTl.IHKOB Cs, c6 (nSITH­

KpaTHhle COBna~eHHSI BO BpeMeHHOM OKHe - 30 HC) • .ll,JISI yMCHbiDeHHSI Ky­

JIOHOBCKOro pacceSIHHSI B npocTpaHCTBe Me~y KaMepaMH IIK1 H IIK2 HC­

noJih30BaJIOCh renHesoe HanonHeHHe. OcHOBHhle napaMeTphl cneKTpoMeTpa: 

3HepreTHl.J:eCKOC pa3pemeHHe 1,5%; 3<j><lJeKTHBHOCTh pernCTpa u;HH ll03HT­

poHOB HJIH 3JICKTpoHOB e = 0,98; npocrpaHCTBCHHOe pa3pemeHHC TOl.J:KH 

pacna~a MIOOHa B o6naCTH B3aHMO~eH:CTBHSI ±3 MM; BpeMeHHOe pa3peme­

HHe 6hiCTpoH 3JieKTpoHHKH ::::: 1 HC. 
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P11c.J . 3KCnepHMetlTaJibllble CneKTpbi pacnpeAeJJeHHSI pen1CTp11pyeMbiX 4aCTHll OTHOCH­
TeJIMIO HOpMaJJH K nooepxHOCTH Si02-MHweHH (o8epxy) 11 11x 3HepreTH4eCKoe pacnpeAe-

~:11: ~~;~;~:o~~e~,::11~:::11 ~~::·K::P:"::~~o;: =M~SI_::::~o:::a ~:::8~~ 
HOH KaMepbt 

.Ll.JISI Ka~oro co6biTHSI H3MepSIJIHCb KOOPAHHaTbl 4acTHU.bl (8 nnocKo­

cTeH), BpeMeHa npoxo~eHH.il 43CTHU,bl Me~y pa3JIH4HbiMH 3JieMeHT3MH 

ycTaHOBKH. no H3MepeHHbiM napaMeTpaM AJISI Ka~oro COObiTHSI onpeAeJISI­

JIOCb MeCTO pacnaAa MIOOHa, yrJibl BXOA3 H BbiXOA3 003HTpoHa (3JieKTpoHa) 

H3 CneKTpoMeTpa, Bbi4HCJISIJI3Cb 3HeprHS1 3aperHCTpHpoB3HHOH '13CTHU,bl H 

CTpoHJIHCb OAHOMepHble JIHOO AByMepHble pacnpeAeJieHHSI no H3MepeHHbiM H 

Bbi'IHCJieHHbiM napaMeTpaM AJISI 33A3HHbiX H300poB CT3THCTHKH 003HTpo­

HOB H 3JieKTpoHOB. B 3H3JIH3e T3KX<e HCOOJib30B3JIHCb 3MnJIHTYAHble pac­

npeAeJieHHSI C 3HaJIOI'OBbiX BbiXOAOB CU,HHTHJIJISIU,HOHHbiX AeTeKTOpoB H Ka­

TOAHbiX ycuJIHTeJieli nponopu.uoHaJibHbiX KaMep. Ha puc. 3 noKa3aHbl nep­

BH'IHble 3KcnepuMeHTaJibHble cneKTpbl npu perncrpau.uu cneKTpoMeTpoM 

no3HTpouos H 3JieKTpouos. Ha puc.4a npuBeAeHo AeTaJI&Hoe pacnpeAeJie­

HHe nepBH'IHOro cneKTpa 3JieKTpouos s6JIH3H nosepxHOCTH Si02-Muweuu. 

KaK n o Ka3biBaiOT npeAbiAYW.He ucCJieAOBaHHSI [7, 12 ), MIOOHHH nOCJie 

o6pa3oBaHJtSI Si02 s nopoiiiKe 3a speMSI X<H3HH MIOOHa AH<lxPY"AHPYeT ua 

pacCTOSIHHe AO 40 MM OT nJIOCKOCTH Muweuu. Ha puc.4a noKa3aHa (OTMe4e-
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PHc.4. )J.eTa.llbHoe pacnpeAeJJeHHe cneKTpa JJJeKTpOHOB, npHBeAeHHO­

ro Ha pHc.36, o6JJH311 nooepxHOCTH Si02- MHWeHH: a) nepoH<~HbiH 

CneKTp; 6) CneKTp JJJeKTpoHOB np11 H3JIO>KeHHH Orp3HH'IeHHH H3 80 3-

MO>KHble o6nacr11 H3MeHeHHII H3MepHeMbiX 11 Bbi'IHCJJHeMbiX napaMeT­

poo AJJII BCeH W11p11Hbl JHepreTH'IeCKOI'O CneKTpa; B) TO >Ke 8 3Hepre­

TH'IeCKOM HHTepB3Jie 46,5+53 MJB 

ua CTpe.nKoif) o6JiaCTb npocrpaHCTBa OTHOCHTeJibHO uopManH K MHmeHH (Ha 

paCCTOSIHHH 8 + 40 MM OT l.l,eHTpaJibHOH DJIOCKOCTH MHWeHH), r~e DpoHCXO­

~HT noucK COObiTHH (M -+ M)-Kousepcuu. 

71 



0'1eBH.D;HO, 'ITO npH pemCTpaU,HH CneKTpoMeTpoM n03HTpoHOB OCHOB­

HaSI 'laCTh 3apemCTpHpoBaHHhiX 'laCTHU, CB.SI3aHa C peaJihHhiMH n03HTpo-

HaMH OT pacna~a p. +, OCTaHOBHBWHMHCSI B Si02- MHmeHH, a noJiy'leHHhle 

B sKcnepn MeHTe pacnpe~eJieHHSI no yKa3aHHhiM Bhlme napaMerpaM - c <f>n-

3H'IeCKHM H 'laCTHU,aMH, MSI KOTOphlx MOJKHO TO'IHO yKa3aTh o6JiaCTH, B 

npe~eJiax KOTophlx 3TH napaMeTphl MOryT saphHpoBaThC.SI. IIpn pemCTpa­

U.HH sJieKTpoHoB, Hao6opoT, OCHOBHa.SI 'laCTb co6hiTHii cs.s~JaHa He c pea.n:h­

HhiMH 'laCTHU,aMH, a C myMaMH annapaTyphl HJIH CO CJiy'laHHhiMH 3anycKa­

MH npn HaJIOJKeHHH COOhiTHii n, eCTeCTBeHHO, HMeer CJiy'laiiHhle pac­

npe~eJieH u:.SI no H3Mep.s~eMhiM B sKcnepnMeHTe napaMerpaM. Cosna~a10m.ne 
pacnpe~eJieHH.SI ~JI.SI scex H3Mep.SieMhiX H Bhi'IHCJI.SieMhiX napaMerpos y sJieK­

TpoHOB H n 03HTpoHOB 6y~yT HMeTh TOJihKO COOhiTH.SI, CBSI3aHHhle C HCKOMhiM 

npou,eccoM (M-+ M)-KOHBepcnn, H COOhiTH.SI, CB.SI3aHHhle c <f>u:3H'IeCKKM 

<f>oHoM. H a pnc.46 H 4s noKa3aHo, KaK MeHsrerc.SI 3KCnepnMeHTaJihHhlii 

cneKTp ~JI SI 3JieKTpoHOB nOCJie HaJIOJKeHK.SI orpaHK'IeHHH Ha B03MOJKHhle 00-
JiaCTH H3M eHeHH.SI napaMeTpoB COOhiTHH. OcHOBHble KpHTepHH oroopa no­

Jiy'leHhl H3 aHaJIH3a sKcnepnMeHTaJihHoro cneKTpa M.SI no3HTpoHOB. 

PncyHoK 4 6 cooTBeTCTsyeT sceMy sHepreTH'IeCKOMY cneKTPY sJieKTpoHOB, 

nponycKaeMOMY MarHHTHhiM CneKTpoMeTpoM, pHC.4B- ~JI.SI BhiCOK03Hepre­

TH'IHOI'O KOHu,a cneKTpa sJieKTpoHoB s HHTepsane 46,5+53 MsB. PncyHKH 3 
H 4 OTHOC.SITC.SI K O~HOMY H3 HaOOpoB CTaTHCTHKH. CneKTphl ~JI.SI OCTaJihHhiX 

Ha6opOB H MeiOT nO~OOHhiH BH.D;. 

IIo~po6Hoe onncaHHe MeTo~HKH sKcnepnMeHTa, sKcnepnMeHTaJibHOro 

HCCJie~oBaHHSI napaMeTpoB yCTaHOBKH, cnoco6a oroopa noJie3HhiX COOhiTHH, 

s<f><f>eKTHBHOCTH HCnOJib3yeMhiX KpHTepHeB OTOOpa, 3KCnepHMeHTaJihHOro 

HCCJie~OBa HH.SI, MO~eJIHpoBaHH.SI H OU,eHKH <f>oHOBhiX npou,eCCOB 6y~eT H3JIO­

JKeHO B OT~eJihHOH pa6oTe. 

3a BCe BpeMSI H3MepeHH.SI npou,ecca KOHBepcHH MIOOHHH- aHTHMIOOHHH 

Ha <f>a3oTpoHe JISIII OIHII1 (<:::::640 'lacos Ha6opa cTaTHCTHKH) qepe3 MHmeHb 

npolliJio 3,5 ·1011 
MIOOHOB. B HaCTO.SIID.ee speM.SI o6pa6oTaHo "" 80% nOJIHoii 

CTaTHCTHKH (Nfl += 2,9 ·10
11

). 3JieKTpoHOB, y~OBJieTBOp.SIIOW.HX O~HOBpe­
MeHHo· BCeM HaJial'aeMhiM KpHTepH.SIM OTOOpa B HHTepBaJie 3Heprnii 

46,5+53 M 3B, s yKa3aHHoii Bhlme o6JiaCTH saaHMo~eiiCTBHSI He o6HapYJKeHo. 

KOJIH'IeCTBO n03HTpoHOB OT pacna~a MIOOHa B aTOMe MIOOHH.SI H3 06Jia­

CTH B3aHMO~eHCTBHSI, KOTOphle pemCTpHpyer yCTaHOBKa, Onpe~eJI.SieTC.II 

BhipaJKeHHeM (Ne+)Mu = Nfl+ W(e, AE)WMu' r~e Nfl+- 'IHCJIO na~aiOm;Hx 

Ha MHWeHh MIOOHOB, W(e, !:J.E)- Bepo.SITHOCTh pemcTpaU,HH n03HTpOHOB C 

::mepmeii B HHTepBaJie !:J.E cneKTpoMeTpoM., y~OBJieTBOp.IIIOW.HX Bhl6paHHhiM 

KPHTepH.IIM oT6opa; W Mu- sepo.IITHOCTh o6HapyJKeHH.II MIOOHH5i B saKyyMe 

B o6JiaCTH B3aHMO~eHCTBH.II Ha O~HH na~aiOW.HH MIOOH. 
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Bepo.SITHOCT& W(e, AE) onpeAeJI.SIJiaL:& MOAeJIHpoBaHHeM n pou,ecca Me­

TOAOM MoHTe-KapJio H B yCJioBH.SIX HaCTO.SIIIJ,ero 3KcnepuMeHTa AJI.SI HHTep-

BaJia 3Hepmif no3HTpoHa 46,5+53 M3B cocTaBJI.SIJia 1,51·10- 3• Bepo.SIT­

HOCT& W Mu HCCJieAOBaJiaC& MeTOAOM [12 ). MIOOHbl nyliKa pem CTpHpoBa­

JIHCb CU,HHTHJIJI.SIU,HOHHbiM ClleT'lHKOM C 1 C TOJIIIJ,HHOH DJiaCTHKa 60 f.tM H 

ocTaHaBJIHBaJIHC& B nopowKe Si02 (puc.2, A-A) • .li.JI.SI Ka:x<Aoro COObiTH.SI pe­

mcTpHpoBaJiac& TOliKa npocrpaHCTBa BaKyyMHOH o6JiaCTH B6JIH3H MHWeHH, 

KyAa npoAH<txi>YHAHpoBaJI MIOOHHH AO MOMeHTa pacnaAa MIOOHa, H HHTep­

BaJI BpeMeHH Me:x<Ay MOMeHTOM OCTaHOBKH MIOOHa H MOMeHTOM pemCTpa­

U,HH ll03HTpoHa B cneKTpoMeTpe. Bb1XOA MHIOOHH.SI B BaKyyM onpe.ijeJI.SIJIC.SI 

H3 auaJIH3a BpeMeHHOI'O pacnpeAeJieHH.SI ll03HTpoHOB (u-e)-pacnaAa AJI.SI 

pa3JIHliHblx yllaCTKOB BaKyyMHOH o6JiaCTH • .li.JI.s~ Bepo.SITHOCTH BbiXOAa MIOO­

HH.SI B OOJiaCTb B3aHMOAeHCTBH.SI, yKa3aHHOH Ha puc.4, Ha OAHH naAaiOIIJ,HH 

MIOOH DOJiylleHa BeJIHliHHa, paBHa.SI 0,030±0,003, liTO HaXOAHTC.SI B COrJia­

CHH C AaHHbiMH paOOT [7, 12 ). C IJ,eJlbiO DOBbiWeHH.SI AOCTOBepHOCTH npHBO­

AHMOI'O peJyJI&TaTa npH BblliHCJieHHH Bepo.SITHOCTH npou,ecca KOHBepCHH HC­

DOJib30BaJIOCb HHX<Hee 3HalleHHe BeJIHliHHbl W Mu' paBHOe 0,027. 

TaKHM o6pa30M, npu npoXO:x<AeHHH llepe3 pa6oli)'IO MHWeHb "2, 9. 10
11 

MIOOHOB yCTaHOBKa pemCTpupyeT 1, 18 · 10 7 ll03HTpOHOB OT pacn aAa MIOOHa 

aToMa MIOOHH.SI, HaXOA.Sim;eroc.SI B o6JiaCTu BJaHMOAeifcTBH.SI, KOTOpble YAOB­

JieTBop.SIIOT HaJiaraeMbiM yCJIOBH.SIM OTOOpa. ilOJIOBHHa H3 HHX HaXO~HTC.SI 
B COCTO.SIHHH CO CDHHOM / = 1 H ue yllaCTBYeT B npou,ecce KOHBepCHH (nO­

AaBJieHHe CB.SI3aHo c HaJIHliHeM B o6JiaCTH MifmeHH pacc~.SIHHbiX MaruuTHbiX 

noJieif [ 1 ]) • 

JiCKOMYIO Bepo.SITHOCTb npou,ecca KOHBepcHH MIOOHHH - aHTHMIOOHHH 

(npu 90% ypoBHe AOCTOBepHOCTH) corJiacHo pacnpeAeJieHHIO lly accoHa Ha-

XOAHM H3 COOTHOmeHH.SI W MM < ln10/ [(Ne+ )Mu ·0,5] = 3,9 ·10-
7

, liTO co­

OTBeTCTByeT 3HalleHHIO AJI.SI KOHCTaHTbl nepeXOAa MIOOHHH - a THMIOOHHH 

GMM < 0,13·GF (90% CL). 

iloJiylleHHOe B HaCTO.SIIlJ,HX HCCJieAOBaHH.SIX HOBOe 3HalleHHC AJI.SI Bepo­

.SITHOCTH npou,ecca KOHBepcHH B } , 7 pa3 JIYliWe cyiiJ,eCTBYIOIIJ,eH Cei'OAH.SI 

ou,eHKH (LAMPP, 1991- W -< 6,5·10-790% CL). 
MM 

ABTopbl BblpaX<aiOT 6JiaroAapHOCT& npo<peccopy l.I, . .li..BbiJioBy, npo¢ec-

copy B.ll . .LI.X<e.nenoBy, M.r.CanmKHHKOBy, .LI..M.Ce.nuBepcToBy Ja HeHJ­

MeHHbiH HHTepec K paooTe H BCeCTOpoHHee COAeHCTBHe npH ee BblllOJIHeHHH, 

H.r.lllaKyHy, n.T.lllHWJI.SIHHHKOBY 3a opraHH3aU,HIO ycTOHliHBOH pa60Tbl 

¢a3oTpoHa B AJIHTeJI&HbiX ceaHcax ¢u3HlleCKHX H3MepeHuif, C.B.MeABeAIO, 

A.f.J1.oJI6HJioBy, B.ll.BoJI&HbiX Ja opraHHJau,uiO KOMn&IOTepHoif CB.SIJH c HJ­

MepuTeJI&HbiM u,eHTpoM JI.slll OH.s!Jf, H • .si.ApxunoBoif, H.CI>.EoSAapiO, 
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B.B.Boquay, B.B.Buxposy, C.C.BoJIKOBY, p .c.ra.nhnepHHOH, r.A.raaxe, 
IO.C.rpurophesy, B.A.)I(yKosy, H.l.f.)l(ypaBJiesy, B.r.3uaosy, 
l.f.l.f.KJioqKosy, Jl..B.Ko351HKHHY, C.l.f.KoJieHTaposoii, C.M.KopeaqeaKo, 
JI.r.KyAna y, H.A.KyquacKoMy, B.B.Hemo6uay, B.H.HuKynuay, 
l.f.A.naahKO, O.E.llpoKO<i>hesy, JI.O.Cepreesy, l.f.l.f. TKaqy, A.l.f.Cl»HJinn­
nosy, E.n. qepesaTeHKO, l.f.A.IOTJiaHAOBY 3a noMOIIJ,h npu noAroTOBKe 3KC­
nepuMeHTa , C.JI.Benocro~KOMY, B.A.HHKOJihCKOMY, B.l.f.KoMaposy, 
3.A.Kypaesy 3a none3Hble o6cyXAeHH51. 
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HHCTHTYT <f>H3HKH yaHBepcHTeTa TpHecra, ceKII;HSI HH<l>H B TpHecTe, 
TpHeCT, HTanHSI 

M.MopaflAO 
<l>H3HqecKHH <f>aKyJibTeT YHHBepcHTeTa naAyH, 
ceKII;HSI HH<l>H B naAye, naAy51, HTanHSI 

M.llOJIH 
<l>aKyJihTeT 3HepreTHKH yaHBepcHTeTa <l>Jiopeau;HH, 
ceKII;H51 HH<l>H B BoJioHhe, BoJIOHh51, HTanHSI 

n.CaHTH 
HacTHTYT <f>H3HKH yaHBepcHTeTa YAHHO, 
ceKII;H51 HH<l>H B TpHeCTe, YAHHO, l1TanH51 

llpe,!1CTaBJieHbl pe3yJibTaTbl HOBOI'O H3MepeHHll BepO!ITHOCTH peaK1.1,11H 
p + d -+ :/[- + p J1Jlll aHHHI'I1Jilll.I,HI1 nOKOllll\11XCll aHTHnpoTOHOB. Hai1,!1eHo 77 
C06biTHH )1aHHOH peaKI.I,HH B pa3HbiX KOHcJmrypal.I,HliX TpHrrepa, 'ITO COOTBeT-
CTByeT BepOliTHOCTI1 

W (!i +d .... :/[-+ p) = (1.20 ± 0,14) · 10-5
• 

llOJiy'leHO nepBOe yKa3aHHe Ha Ha6JII0)1eHHe peaKI.I,HH llOHTeKOpBO 
p + d -+p- + p. 

Pa6oTa BbiOOJIHeHa B Jia6opaTOpHH !1,!1epHbiX npo6JieM OIUIH. 

Measurement of the Pontecorvo Reaction p + d-+ n- + p 

for the Antiproton Annihilation at Rest 

V.G.Ableev et al. 

W e presented the results of the new measurements of the reaction 
p + d -+ :/[ - + p for the antiproton annihilation at rest. A total of 77 events of this 

reac tion have been found in different trigger configurations. The branching ratio 
of the reaction is 

W (!i +d .... :/[ - + P) = (1.20 ± 0.14) · 10- 5
• 

T he first indication of the observation of another Pontecorvo reaction 
p + d -+ p - + p was obtained . 

T he investigation has been performed at the Laboratory of Nuclear Prob­
lems, JINR. 
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1. BBe~euue 

CneKTpoMeTp OBELIX [1 ], ~eHCTBYIO~H ua BhiBe~euuoM ny11Ke ua­

KODHTe.JISl LEAR B U.EPH, npe~uaaua11eu AJISl uayqeuHSl auuHI'HJISl~H au­

THnporouoB H aHTHHeHTpoHOB AJISl IJ;e.JieH Me30HHOH CDeKTpocKODHH, a TaK­

.lKe AJISl HCCJie~OBaHHSl pa3JIH'IHhiX 3K30TH'IecKHX KaHaJIOB aHHHI'HJISli.I;HH 

auTunpoTOHOB c ~aMH. K uaCTOSliiJ;eMy BpeMeuu ua6pauo OKOJIO 25 MHJI­

JIHOHOB COOhiTHH pp- H np-aHHHI'HJISl~H c pa3JIH'IHhiMH Tpu rrepaMH. B 

~aHHOM CoOOIIJ,eHHH npHBO~SlTCSl pe3yJibTaThi H3MepeHHH BepoSlTHOCTH pe­

aKIJ;HH 110HTeKOpBO 

p + d -+Jr- + p (1) 

~JISl aHHHI'HJISli.I;HH DOKOSliiJ;HXCSl aHTHDpOTOHOB. 

B.M.llouTeKopBo em.e B 1956 r. [2] o6paTHJI BHHMauue u a B03MO.lK­

HOCTb HeTpHBHa.T.IbHhiX peaKIJ;HH aHHHI'HJISli.I;HH, KOTOphle 3anpein;eHhi ua 

CBOOo~HOM HYKJIOHe, HO pa3pemeHhi Ha HYKJIOHe, CBSl3aHHOM B ~e. 11pH 

oohi'IHOH auHHI'HJISliJ;HH auTunpoTouoB ua uyKJioue Bcer~a ~OJI:lKHhi o6paao­

BhiBaTbCSl KaK MHHHMYM ~Ba Meaoua. O~uaKo B auuHI'HJISliJ;HH auTnnpoTo­

HOB Ha Mpax B03MO.lKHhi peaKIJ;HH, KOr~a B KOHe'IHOM COCTOSlHHH oopaayeT­

CSl TOJibKO O~HH Me30H, uanpHMep 

- + -p+d-+K +~, 

HJIH aHHHrHJISli.I;HSl, KOr~a B KOHe'IHOM COCTOSlHHH COBCeM HeT M e30HOB: 

p + 3He -+ p + n, 

n+ 3
He-+ p + p. 

(2) 

(3) 

(4) 

(5) 

K co.lKa.neuuiO, 3KcnepuMeHTaJibHaSl uu<J>opMaiJ;HSl o peaKIJ;HSlX 11ouTe­

KOpBo o11eub cKy~ua. PeaKn;HSl (1) ua6JIIO~a.nach AJISl auuHI'HJI.sJIJ;HH noKO.sJ­

m.uxcSl aHTHDpoTOHOB (3-5] H 6hiJIO H3Mepeuo, 'ITO ee Bepo.siTHOCTb 

W(.n-p) uaxo~HTCSl ua ypoBue uecKOJibKHX e~uuun; ua 10-5. P eaKn;uu (2) 

ue~aBuo o6uapy.lKeHhi KoJIJia6opan;ueu Crystal Barrel [6 ]. B ::JKcnepnMeHTe 

(4) 6biJIO DOJiy'leHO Bepxuee 3Ha4eHHe ~JI.sJ BepoSlTHOCTH peaKIJ;HH (3) ~JI.sJ 

noKOSliiJ,HXCSl auTnnpoTouoB: W (K+~-) < 8x 10-6• PeaKu;uu 6 e 3Me3ouuou 

aHHHI'HJISli.I;HH (4)-(5) ~0 CHX nop He ua6JIIO~aJIHCb. 
J1uTepec K H3y'leHHIO peaKIJ;HH 110HTeKOpBO MOTHBHpOBaH TeM, 'ITO Ta­

KHe npon;eCCbl 'IYBCTBHTe.JlbHbl K DOBe~eHHIO BhiCOKOHMDYJibCHOH KOMDO­

HeHTbl BOJIHOBOH <J>yuKIJ;HH Mpa, r~e ueuyKJiouuble cTeneuu cBo6o~bl ~OJI.lK-
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Hbl HrpaTb Ba )I(HYJO poJib. B CTa~aPTHOM DOAXOAe peaKU,HH (1)-(3) MO)I(HO 

paCCMaTpHBa Tb KaK ABYXCTyneH'IaThle npou,eCChl, DOKa3aHHhle Ha AHarpaM­

MaX puc.l. llOCJie aHHHrHJISIU,HH aHTHDpoTOHa ua KaKOM-JIH6o uyKJioue 

AefnepuSI po)I(AaJOTCSI ABa BhiCOK03Hepru'IHhlX Me3oua c T kin =::: m N' a 3aTeM 

OAHH H3 Me3ouos norJiow,aeTCSI ua APYroM uyKJioue AeiiTepuSI. 51cuo, 'ITO s 

TaKoM npou,ecce ueso3MO)I(HO AOOHTbCSI coxpaueuuSI 3HepmH-HMnyJI&ea ua 

Ka)I(AOH CTa AHH H BHPTYaJibHOCTb 'laCTHU, B npoMe)l(yTO'IHOM COCTOSIHHH 

AOJI)I(Ha 6hlTb O'leHb BeJIHKa =::: m N" ll03TOMY AaHHhle peaKU,HH AOJI)I(Hhl 

6h1Tb 04eHb liYBCTBHTeJibHbl K MaJihlM Me)I(HYKJIOHHhiM paCCTOSIHHSIM B AeH­

TpoHe. 

p 
~~n:,:+-

n 

p 
n p 

a) 

p ------ p,w,11 

~~n,p,w 
p 
n H 

6) 

p 

~~n~p~w-
n,p 

p rr - -n N 
A,N 

B) 

, no 
/ , . 

. / 

p / 

-·-·--- -4-··- rr 

~~n+,p+ 
p 
n p 

r) 

P11c. l . )l11arpaMMbl peaKL\1111 nonTeKOpBO p + d -+ M + N 
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3To aax;uoqeuue nOATBep~aeTC51 peayJibTaTaMH xonxpeTHbiX Bblquc­

JieHHif peaxu,uii (1)-(4), KOTOpble 6biJIH CAeJiaHbl B pa6oTax [7-9 ]. Oxa-

3aJIOCb, qTQ Bepo51THOCTb peaKIJ,HH IJOHTeKOpBO CHJibHO 3aBHCHT OT Bb16opa 

AeHTpOHHOH BOJIHOBOH <f>YHKIJ,HH. IJpuqeM MO)J(HO CAeJiaTb BbiBOA [7 ), 
qTQ CTaHAapTHOe paCCMOTpeHHe Ha OCHOBe AHarpaMM pHC.l npHBOAHT K 

MaJibiM 3HaqeHH51M Bep051THOCTH peaKIJ,HH (l) (Ha ypOBHe HeCKOJibKHX 

eAHHHIJ, Ha 10-6). 

CyiiJ,eCTBYIOT aJibTepnaTHBHble nOAXOAbl, paccMaTpHBaeMble B pa6oTax 

[ 10-13 ]. Tax, B [ 10] paccquTana Bepo51THOCTb peaxu,uii (l), (3) B MOAeJIH 

HCnapeHH51 <f>aiiep6oJia C HeHyJieBbiM 6apHOHHbiM 3ap51AOM. 3Ta MOAeJib 

npeACKa3biBaeT, qTQ Bepo51THOCTb peaKIJ,HH (3) AOJI)J(Ha 6b1Tb Ha ypOBHe 

"" 10-6
, T.e. qyTb-qYTb MeHbWe CyiiJ,eCTBYJOIIJ,ero 3KCnepHMeHTaJibHOro 

npeAeJia. 3TOT BbiBOA pe3KO KOHTpaCTHpyeT C npeACKa3aHH51MH MOAeJICH ne-

pepacce51HH51, KOTOpble AaiOT w ( K+r-) "" 10-8 (7 ,8 ]. 11To6bl n oJiyqHTb 

3KCnepHMeHTaJibHOe 3HaqeHHe BepOSITHOCTH peaKIJ,HH (I), He06 XOAHMO 

npeAfiOJIO)J(HTb, qTQ <f>aiiepOOJibl o6pa3yJOTCSI B 10% BCeX C06b1THH aHHH­

rHJI51IJ,HH •. 

8 ApyroM nOAXOAe ( 11, 12 I peaxu,uu IlonTeKopso paccllHTbiBaJIHCb na 

OCHOBe HH<f>opMaiJ,HH 0 KpocCHHr-npou,eccax, C HCfiOJib30BaHHeM JI " OO ·MeTO­

Aa <<KBa3UAeTaJibHOro 6aJiaHCa>> ( 12 I, JIHOO OOJiee npoABHHYTOH TeXHHK" 

pacqeTa peA)J(eBCKHX AHarpaMM ( 11 1. 8 pa6oTe ( 11 I npeACKa3biBaCTCSI, llTO 

BepoSITHOCTb npou,eCCOB (3) AOJI)J(Ha 6b1Tb Me~y OfiTHMHCTHlleCKHMH OIJ,eH­

KaMH ( 10 I u TeMH, qTo CJieAyJOT ua AByxcTynenllaTbiX MOAeJiei1 (7- 9 ). 
8 npHHIJ,Hne, MO)J(HO paCCMaTpHBaTb peaKIJ,HH IlOHTeKOpBO B TepMHHaX 

KBapKOBbiX AHarpaMM, aHaJIOrnllHbiX np"BeAeHHOH Ha puc.2, KOrAa aHTH­

KBapKH aHTHnpoTona aHHHrHJI"PYIOT c KBapKaMH o6oux nyKJionos. Onpe­

AeJieHHbiH war B 3TOM HanpaBJieHHH 6biJI CAeJiaH B paOOTe ( 13 I, B KOTOpOH 

paCCMaTpHBaJIOCb BJIHSIHHe np"MeCeH MHOrQKBapKOBbiX KOH<f>HrypaU,HH B 

BOJIHOBOH <f>YHKIJ,HH AeHTpoHa. 

0Ka3aJIOCb, qTO BBeAeHHe npH-

MeCH 6q-COCTOSIHHH Ha ypoBHe n 
0,3% fi03BOJI51eT nOJiyllHTb 

BepoSITHOCTb peaKIJ,HH ( 1), KOTO-

paS! COBnaAaeT C 3KCnepHMeHTaJib- p 
HbiM anaqeHHeM. 

8a)J(HO aaMeTHTb, llTO onpe­

AeJienue peaKu,ui1 IlonTeKopBo p 
KaK npou,eccos, aanpew.eHHbiX 

npH aHHHrHJISIU,HH Ha CBo6oAHOM 

• 

• 

p 

nyKJione, no paapeweHHbiX na PHc.2. KuapKooall ,IIHarpaMMa peaK HH lloHTe-

CBSI3aHHOM nyKJione, oxBaTbiBaeT Kopuo 
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AOBOJihHO mHpoKHH KJiacc npou;eccoB (eM. 6oJiee nOApOOHhlH aHaJIH3 B 

( 14 ]) • 3 TO He TOJibKO 6e3Me30HHaSI aHHHI'HJISIIJ;HSI ( 4)- (5) HJIH OAHOMe30H­

HaSI aHHHI'HJISIIJ;HSI THDa 

p + d-+M+N, (6) 

rAe M- m o6oH: Me3oH, HanpHMep 1J,p, w ••• T.A. (eM. AHarpaMMY pHc.16). 

K peaKIJ;HSIM TioHTeKopBo OTHOCSITCSI TaK.)Ke peaKIJ;HH c po.)I(AeHHeM pe-

30HaHCOB 

p+d-+M+N*, (7) 

rAe N*- JII06oH: 6apHOHHhlH pe3oHaHc, THna L\ (1232) HJIH N (1540) (eM. 

AHarpaMM Y pHc.lB). 

B npH HIJ;Hne K peaKIJ;HSIM TioHTeKopBo HY.)KHO OTHOCHTh Bee npou;ecchl 

THna (6) HJIH (7), B KOTOphlX xapaKTepHCTHKH Me30HHOH CHCTeMhl M (Ha­

npHMep, e e 3<jxf>eKTHBHaSI MaCca) OTJIH'laiOTCSI OT TeX, KOTOpble B03MO.)I(Hbl 

npH aHHHm.n:SIIJ;HH Ha CBoOOAHOM HYKJIOHe. TiepBhle ou;eHKH BepoSITHOCTH 

peaKIJ;HH flOHTeKOpBO (6) C pa3HhlMH Me30HaMH B KOHe'lHOM COCTOSIHHH 6hl­

JIH CAeJiaHhl B pa6oTe [ 15 ]. IihlJio npeACKa3aHo, 'ITO BepoSITHOCTh peaKIJ;HH 

p + d -+ p - + p MO.)KeT oKa3aTbCSI B ABa pa3a OOJihmeH:, 'leM p + d -+ n-+ p. 
CyMMHPYSI cy~eCTBYIO~YIO 3KcnepHMeHTaJihHYIO H TeopeTH'lecKyiO 

CHTyaiJ;HIO C peaKIJ;HSIMH flOHTeKOpBO, MO.)KHO CKa3aTh, 'ITO TaKHe HCCJieAO­

BaHHSI HeOOXOAHMhl AJISI BhlSICHeHHSI poJIH HeHyKJIOHHhlX CTeneHeH CBoOOAhl 

B AeHTpoH e. flOCKOJibKY peaKIJ;HH THDa (1)-(2) SIBJISIIOTCSI npocreHIDHMH 

peaKIJ;HSIMH ABYX'laCTH'lHOH aHHHmJISIIJ;HH, MO.)KHO HaAeSITbCSI, 'ITO HX H3Y­

'leHHe <?Ka .)KeTCSI no.rye3HhlM AJISI H3y'leHHSI npou.eccoB ABYXHYKJIOHHoH: aH­

HHI'H.IISII.J.HH aHTHllpoTOHOB B SJ:Apax. 

2. 3KcnepHMeHTaJihHaSI ycTaHOBKa 

OBELIX- 3TO MarnHTHhlH cneKTpoMeTp AJISI pemcTpau;HH 3apSI.)KeH­

HhlX H HeH:TpaJihHhlx 'laCTHI.J.. OH cocroHT H3 'leThlpex AeTeKTOpoB, pa3Me­

~eHHhiX BHYTPH H OKOJIO OTKphlTOro MarHHTa C aKCHaJihHhlM DOJieM 

(0AFM), K OTOphlH o6ecne'lHBaeT DOJie 0,5 TJI B OObeMe""' 3M
3 

(pHc.3). ,ll,e­

TeKTOphl O BELIX TaKOBhl: 

1) SPC - cnHpaJihHaSI npoeKU.HOHHaSI KaMepa- BepmHHHhlH AeTeK­

Top, KOTOp hlH AaeT HH<I>opMaiJ;HIO 0 Tpex KOOPAHHaTaX AJISI 3apSI.)KeHHhlX 

TpeKOB H M O.)KeT pemCTpHpoBaTb peHTreHOBCKHe KBaHThl; 

2) T O F- CHCTeMa AJISI H3MepeHHSI BpeMeHH npoJieTa- ABa KOaKCH­

aJihHhlX IJ;HJIHHAPa DJiaCTHKOBhlX cu;HHTHJIJISITOpoB. BHyTpeHHHH U.HJIHHAP 

COCTOHT H3 30 C'leT'lHKOB, pa3Mem;eHHhlX B 20 CM OT OCH DY'lKa, BHemHHH 

U.HJIHHAP COCTOHT H3 84 C'leT'lHKOB, paCDOJIO.)KeHHhlX Ha paCCTOSIHHH 140 CM 

80 



HARGD 

SPC 

PHc.3 . CxeMa yCTaHOBKH OBEUX (eM. onHC8HHe OTAe.rtbHbiX AeTeKTopo u TeKCTe) 

OT OCH ny'IKa. XapaKTepHOe BpeMeHHOe pa3pemeHHe CHCTeMbl COCT3BJI.SieT 

500 nc (FWHM); 

3) JDC - crpyiiHa.sJ APeii<PoBa.sJ KaMepa (HcnoJib30BaH a.s~ paHee B 

sKcnepHMeHTe Ha AFS-cneKTpoMeTpe B ~EPH) - H3Mep.s~eT yrJihl H HM­

nyJibChl 'laCTHn;, a T3K)Ke n03BOJI.sleT npoBOAHTb HAeHTH<i>HKan;HIO 'laCTHn; no 

H3MepeHHSIM dE/ dX. ,UeTeKTOp COCTOHT H3 ABYX II;HJIHHAPH'IeCKHX nOJIOBH­

HOK (160 CM B AH3MeTpe H 140 CM MHHOH), HMeeT 3380 'IYBCTBHTeJibHhiX 

npoBOJIO'IeK, o6heAHHeHHhiX B 82 33HMYTaJibHhiX CeKTOpa no 4o K3~hiH. 
CeKTophl, B CBOIO o'lepeA&, o6heAHHeHhl B TPH n;HJIHHAPH'IecKHX CJio.sJ - KO­

poHhl. C'beM HH<ix>pMan;HH HAeT 11epe3 100 MI'u, 8 6HT FADC-cHcTeMy C'IH­

ThiBaHHSI c o6oHX KOHU:OB npoBOJIO'IeK. XapaKTepHoe npocrp aHCTBeHHOe 

pa3pemeHHe cOCTaBJI.sleT az = 12 MM, a roll= 200 MKM. Pa3pemeHHe no HM-

nyJI&eaM, KOTopoe 6h1Jlo H3MepeHo npH 928 MsB/ c AJI.sJ MOHOSHepreTH'Ie­

CKHx nHOHOB OT peaKII;HH pp-+ .7l + Jl-, COCT3BHJIO 3,5%. 
4) HARGD- AeTeKTOp raMMa-KBaHTOB- sJieKTpoMamHTHhiH KaJIO-

pHMeTp, COCTOSI~HH H3 'leThlpex MOAyJieH H3 llJIOCKOCTeH (3 X4 M 2
) CTpH­

MepHhiX TpyOOK, npoCJIOeHHhiX CBHHII;OBhiMH JIHCT3MH. 

Bo BpeM.sJ Ha6opa npeACTaBJI.sJeMhiX B sro:H CTaTbe AaHHhiX AeTeKTOphl 

SPC H HARGD He 6hiJIH OTJia)KeHhl B noJIHOii Mepe, H HH<ix>pMa n;H.sJ oT HHX 

He 6h1Jla HCnOJib30B3Ha B H3CTOSI~eM 3HaJIH3e. 
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J:oo 

zeoo 

2400 

II 2000 

6 1600 

a 1200 

&00 

400 

AHTHnpoTOHbl c HMny JlbCOM 
105 M3B/ cOT LEAR OCTauaBJiu­
BaJIHCh B U,HJIHHAJ)HtiecKOH ra-
30BOH MHWeHH, uanOJIHeHHOH 
~eHTepueM npH 3TMOC<i>epHOM 
~aBJieHHu. ,li.Jiuua MHWeuu co­
CTaBmma 100 CM. Pacnpe~ene­
uue BepmHH aHHH.rHJI51U,HH no 

Hbl OCT3H3BJIHB3IOTC51 B ~OBOJih-t J \_. 1 ~::o:.:.::~:;::;; 
1 I I no orpauutieuuoB: o6naCTH oKo-

0-JO - zo -1o o 10 zo J<) no u,enTpa Mumeuu, mupuua 
z tao pacnpe~eneHH51 no ocu nytiKa 

PHc.4. PacnpetU!.IIeHHe oepwHH aHHHl'H.IIIIU.HH no COCTaBJI51eT a = 5 eM. 
OCH ny'IK3 Z 

Tpurrep 6blJI Bhl6pau TaKHM 
o6pa30M, tiTOOhl oroupaTh ~Be 

3ap51)KeHnhle tiaCTHU.hl, JieT51~He ~pyr npoTHB ~pyra c OOJihWHMH HMnyJih­
caMH. 0THOCHTeJihHOe nOJIO)KeHHe ~BYX nOJIOBHHOK JDC 6blJIO cneU,HaJihHO 

OThiOCTHpoBano no co6hlTH51M OT peaKu,uu pp - 1r + 1r-, KOTOpble 6blJIH ua-

6panhl B TOT )Ke nepHO~ BpeMeHH. 3TH )Ke ~aHHhle HCnOJih30BaJIHCh M51 Ka­

JIH6poBKH cuCTeMhl TOF. 
BblJio ucnoJih30Bano ~Be Kon<t>urypau,uu Tpurrepa. 
Tpurr ep A - TpeOOBaJIOCh, 'ITOOhl BX0~51W.HH B Mnwenh anTHnpoTOH 

~aJI COBna~euue CHrHaJIOB B TOHKOM (1()(} MKM) ny'IKOBOM CU,HHTHJIJ151TOpe H 

c'leT'IHKOB oo onyTpeuneM u ouewneM CJI051X cuCTeMhl TOF, BKJIIO'Iennhlx B 

TaK na3hiBaeMyiO back-to-back KoppeJI51U.HIO. Back-to-back KoppeJI51U.H51 

Onpe~eJI51JI3Ch CJie~yiO~HMH Tpe0083HH51MH: 
- TOJihKO ~Ba OTC'IeTa BO onyTpeuueM CJIOe TOF Me~y npoTuoono­

JIO)KHhlMH C'leT'IHKaMH, Bhl6pannhiMH no npaoHJiy «O~HH- TPH». To eCTh 

eCJIH '13CTHU,a nOnaJia B O~HH C'leT'IHK, TO ~pyra51 '13CTHU,a ~0JI)KH3 Bhi3B3Th 
cpa6aThiBanue mo6oro H3 Tpex C'leT'IHKOB, Jie)Kam:ux nanpoTHB nepsoro. 

- TOJihKO ~sa cpa6aThiB3HH51 so suewneM CJIOe TOF, r~e B Tpnrrep 6hi­

JIH BKJIIO'IeHbl ~Be rpynnhl C'leT'IHKOB, no ~sa C'leT'IHKa B Ka~ou. OoJIO)Ke­

uue 3THX rpynn C'leT'IHKOB 6blJIO tPHKCHpoBaHO. 
Tpur r ep B HMeJI TaKue )Ke yCJIOBH51 M51 suyTpeuuero TOF, KaK u Tpnr­

rep A. 0 TJIH'IHe ero COCT051JIO o TOM, 'ITO oo BnewneM CJIOe TOF 6blJin aKTH­

oupooauhl ~Be rpynnhl H3 Tpex C'leT'IHKOB B Ka~oB:. 
Ba)KHhiM oTJIHtiHeM 3KcnepuMenTaJihHhlX yCJiosuB: npu pa60Te c Tpur­

repaMH A u B 6blJio TO, 'ITO npu na6ope CTaTHCTHKH c TpurrepoM A KaMepa 

SPC 6blJia y6paua u 3aMeneua OOJihmoB: ~eB:TepueBOH MHWeHhiO ~HaMeTpoM 
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30 eM. llo3TOMY ~51 A3HHbiX, Ha6paHHbiX e 3THM TpHrrepoM, He 6biJIO npo-

6JieM e aHHHmJISIU,Heii ua CTeHKax MHmeuu • .l(auuble e TpurrepoM B noJiylle­

Hbl e MaJIOH MHWeHbiO ~HaMeTpoM 6 eM), rAe HeKOTOp351 ll3eTb 3HHHI'HJI.SI­

U,HH npouexoAHJia ua CTeHKax MHmeuu. K ·ellaCT&IO, MO:lKHO 6 biJIH BfllAeJIHTb 

3HHHI'HJISIU,HH Ha MaiiJiape MHWeHH K3K nO H3MepeHHIO nOJIO:lKeHHSI BepmH­

Hbl, TaK H no uu<PopMaiJ,HH o speMeHH npoJieTa so suyTpeuueM CJioe TOF. 
llpoAYKTbl 3HHHI'HJISIU,HH 3HTHnpoTOHOB, OCT3HOBHBWHXe51 B r a3e, AOCTHra­

IOT elleT'IHKOB BHyTpeuuero CJIOSI TOF n03:lKe, lleM llaCTHU.bl OT aHHHmJISI­

U.HH Ha MaiiJiape. 3Ta 3aAep:lKK3, eB5133HH351 e BpeMeHeM, KOTOpoe 3HTHnpo­

TOH TpaTHT Ha KaeKM B 3TOMe, eyiiJ,eCTBeHHO nOMOraeT npH BbiAeJieHHH eo-

6b1THH 3HHHI'HJISIU,HH B ra3e. ,[(JISI nOA3BJieHHSI 3HHHI'HJISIU,HH Ha MaiiJiape 

eHmaJI TpHrrepa Bblpa6aTb1BaJie51 B BOpoT3X AJIHTeJibHOCTbiO 15 He, KOTOpble 

6biJIH eABHHYTbl no speMeHH TaKHM o6ap3oM, liTOObl He 3anyeKaT& yeTauos­

KY OT 6b1CTpblx aHHHmJISIU,Hii ua MaiiJiape. 3To npHBOAHJIO K AOBOJI&Ho ey­

IIJ,eCTseuuoMy eHH:lKeHHIO eHrHaJIOB OT 3HHHI'HJISIU,HH Ha MaiiJiap e AO ypoBHSI 

4% OT seex eo6biTHii aHHHrHJISIU.HH. Be3 uenoJI&3osauusr TaKOH exeMbl Bbl­

pa60TKH Tpnrrepuoro enmaJia npou,euT eo6biTHii, s KOTOpblx a u uurHJISIU,HSI 

npoH30mJI3 Ha MaiiJiape MHWeHH, eOCTaBJISieT 17%. 

Beero 6b1Jlo ua6pauo 6,5 ·104 
eo6hiTHH e TpHrrePOM A, 6,4 · 1 0~ eo6biTHH 

e TpnrrepoM B H 6,5 ·104 
eo6biTHii e MHHHMaJibHbiM TpnrrepoM , KOrAa npo­

CTO Tpe6oBaJIOCb, 'ITOObl 3HTHDp<>TOH BOWeJI B MHWeHb. 

3. AuaJIH3 AaHHbiX 

3.1. llpou.eAypa HAeHTH¢>HKau,uu peaKu,ni:i 

llpu peKOHCTPYKU.HH eo6hiTHH Tpe6osaJIOCb HaJIH'IHe sepwHHbl s o6Jia­

CTH MHmeuu. ECJIH npu ¢>nTnposauuu TpeKos 6b1Jlo ueso3MO:lKHO onpeAe­

JIHTb KOOPAHH3Tbl BepWHHbl, 'ITO 43CTO npoHeXOAHJIO H3-33 BbleOKOH eTene­

HH KOJIJIHHeapHOCTH H3Y43eMbiX TpeKOB, TO napaMeTpbl TpeKa onpeAeJISI­

JIHeb nyTeM 3KCTpanOJIHpoB3HHSI B TO'IKY, MHHHMaJibHO OTeTOSIIIJ,YIO OT OCH 

ny'IKa. 

PaeeMaTpHBaJIHe& TOJibKO eo6hiTHSI e ABYMSI TpeKaMH OT lla CTHU. e npo­

THsonoJIO:lKHbiMH 3apS~AaMH. K Ka'JeCTBY TpeKa npeA'bSIBJISIJIHe& CJieAyiOIIJ,He 

Tpe6oB3HHSI: 

- ~uua TpeKa L AOJI:li<Ha 6b1Tb L > 50 eM; 

- TpeK AOJI:lKeH npoiiTH qepe3 see TpH KOpoHbl JDC (T.e. HMeTb DOJISip-

HbiH yroJI a > 41 "). 
CnMyJinposauue no MouTe-KapJio noKa3biBaeT, liTO Tpe6osaHHIO K Ka­

lleCTsy TpeKa YAOBJieTBOpSIIOT 81 (64)% eo6biTHH OT peaKU,HH llouTeKopso 
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I 

i 

I 

~.ru1 TpHrrepa A (B). Bbi.Tia sse~eua TaK)I(e ~ono.TIHHTe.TihHasr KoppeK~SI ua 

TO, 'ITO TpeK MO)I(eT 6h1Tb HCKYCCTBeHHO YKOpo'leH JIHOO H3-3a ue3<1xJ>eKTHB­

HOCTH nOCJie~ueii KOpoHhl JDC, .TIHOO H3-3a ue3tjxpeKTHBHOCTH nporpaMMhl 

peKOHCTpyKU,HH. 3Ta KOppeKU,HSI OKa3aJiaC& paBHOH 0,84. 
Tpe6osauHIO Ka'leCTBa TpeKOB y~oBJieTBopsriOT 32098 cOOhiTHii c TpHr­

repoM A H 21565 co6HTHii c TpHrrepoM B. 

Co6b1THSI OT peaKU,HH llouTeKopso H~eiOT oqeu& onpe~eneuuble npH-

3HaKH: npH aHHHrHJISIU.HH B noKoe HMnyJI&ehiJr-Me3oua H npoTOua ~OJI)I(Hhl 

6HT& paBHhl 1,246 f3B/ c, a yron Me~y HHMH ~OJI)I(eu 6HT& 180". ECT& ~Be 
peaKU,HH C HeCKOJlbKO ITOXO)I(HMH KHHeMaTH'IecKHMH XapaKTepHCTHKaMH y 

3apSI)I(eHHhiX 'laCTHU,: 

- + -p + d -+ 1r + 1r + n, 
- + -p + d-+K +K + n, 

(8) 

(9) 

llpH aHHHrHJISIU,HH ITOKOSIID;HXCSI aHTHllpoTOHOB Ha CBoOO~HOM llpoTOHe 

B ~sa 1r (K) -Me3oua ux HMnyJI&ehl ti>HKCHposauuhl P:;r= 0,928 f3B/c 

(p x= 0,8 f 3B/ C) , H 'laCTHU,hl pa3JleTaiOTCSI B CTporo llpOTHBOITOJIO)I(HOM 

uanpasneuHH. Kor~a p auuHrHJIHPYeT ua npmoue, cssr3aHHOM B ~pe ~e:H­
TepHsr, cJ>epMH-~BH)I(euue pa3MhiBaeT HMnyn&euoe pacnpe~eneuHe Me3ouos 

H pa3pymaeT KOJIJIHHeapHOCTb pa3JleTa. 
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PHc.S . HMnyJJbCHoe pacnpe;~eneHHe noJJO>KHTMbHO aa­

PII>KeHHbiX 'laCTHI\ a KOJIJJHHeapHbiX COObiTH!lX (yron 

MelKJIY JIBYMII TpeKaMH e ~ 175.). Ha Bpe3Ke noKaaaHa 

BbiCOKOHMnyJJbCHa!l 'laCTb CneKTpa 
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Ha puc.S noKa3auo HMnyJII>Cuoe pacnpe~eneuue noJIO)f(HTeJibHhiX 'lac­

TH~ ~Jig: KOJIJIHHeapuhlx co6hiTHH (c yrJioM pa3JleTa 9 12 ~ 175.). Mo)f(HO 

B~eTb OT'IeTJIHBhiH llHK npH 0, Q3 f3B/ COT aHHHrHJI9:~H B 1t + 1t - , a TaK)f(e 

ueKOTopyiO crpyKTYPY npu 0,8 f3B/ cOT aHHHrHJI9:~HH B K+ K -. 
B~eu TaK)f(e ueKOTOphlil cuman OT peaK~H llouTeKopBo 0) npu 

1,24 f3B/ C (CM. TaK)f(e BCTaBKY Ha pHC.5, r~e llOKa3aHa BhiCOKOHMllYJibCHa9: 

11aCTb cneKTpa) • 

Ha puc.6 npe~crasJieH ~syMepHhiH rpacl>HK HMnyJibCOB n oJIO)f(HTeJib­

HhiX u OTPH~aTeJibHhiX 11acru~ B KOJIJIHHeapuhlx co6hiTH9:X. B~uo, 'ITO co-

6hiTH9: C npH6JIH3HTeJibHO O~HHaKOBhiMH liiMllY JlbCaMH y OOeHX 'laCT~ aK­

KYMYJIHPYIOTC9: a ~Be o6JiaCTH, COOTBeTCTBYIO~He peaK~9:M (8 ) H (9). Pa3-

JIH'IHMa TaK)f(e TpeTb9: OOJiaCTb, C CYID;eCTBeHHO MeHbWHM 'IHCJIOM 'laCTH~, 

KOTOpag: COOTBeTCTBYeT peaK~HH (1), B~HO, 'ITO OHa xopomo OT~eJieHa OT 

~pymx o6Jiacreil. TaKoe OTCYTCTBHe CHJibHOro «Poua o6JieNaeT npo~e~ypy 
~eHTHcPHKa~HH. 

KpuTepHH oT6opa peaK~HH lloHTeKopso Bhi6HpaJIHCb TaKHM o6pa30M, 

'ITOOhl 11epe3 KHHeMaTH'IeCKHH cPHT npoxo~HJIO KaK MO)f(HO OOJibme noJie3-

HhiX co6hiTHH, a «Pou no~asJig:ncg: ua ocuose ~onoJIHHTeJibHhiX cPH3H'IecKHX 

KPHTepues. BhiJIH ucnoJib3osauhl CJie~yiO~He KPHTepuu OT6opa : 

_1 .4 

~ 
1.2 

0 .6 

0.6 0.8 1.2 1.4 

Ol'PIIllATEJihl 'U.C'l'KUA P (l'8Bicl 

P11c.6. J].syMepHoe pacnpe,~:~eneHHe no HMnynbCaM nOJJOJKI1TeJJb­

"blX 11 OTPHU.aTeJJhHbiX 'laCTHU. y KOJIJJHHeapHblX co6biTHl1 
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1) 1lTOOhl DO~aBHTb 4loa OT KaHana Jl-Jl + n, BepoSITHOCTb KOTOporo Ha 

~sa nop~Ka npeshlwaer sepoSITHOCTb HCKOMOH peaKu,uu lloaTeKopso, 6hl­

JIH OTo6paahl co6hlTHSI, MSI KOTOphlx sepoSITHOCT& mnOTe3hl n-n + n cOCTaB­

JISIJia < 10-6. 

3TOMY y CJIOBHIO y~oBJieTBOpSIJIH 106 COOhlTHH H3 Tpurrepa A (61 co6hl­

THe MSI TpHrrepa li). 
2) ,lLnSI ~aJlbHeiiwero OT6opa HCDOJib30BaJiaCb HH!I>opMaU,HSI 0 BpeMeHH 

npoJieTa 'laCTHU,. llOCKOJibKY CKOpoCTbJl-Me30HOB C HMDYJI&CaMH > 1 r3B/c 

eCTb {:J ::::: 1 , a {:J DpoTOHOB C TaKHMH :lKe HMDY JibCaMH COCTaBJISieT ::::: 0, 8, 6blJI 

BBe~eH KpHTepHH oT6opa MSI CKOpoCTH DOJIO:lKHTeJibHO 3apSI:lKeHHOH 'laCTH­

U,bl{:J+ < 0,9. 
KaK noKa3hlBaeT cuMyJiuposaaue peaKu,uu (1) no MoaTe-KapJio, 90% 

noJie3Hhlx COOhlTHH y~oBJieTBOpSieT 3TOMy ·yCJIOBHIO OT6opa. 

3TOT KpHTepuu OT6opa npoxo~SIT 93 co6hlTHSI ~JISI Tpurrepa Au 42 co-

6blTHSI ~JISI Tpurrepa B. 
3) HaKoaeu,, 6blJia ocyll.l,eCTBJieaa nposepKa HCKOMOH mnOTe3hl (I). 

D,JISI 3TOro oroupanHCb COOblTHSI, MSI KOTOpblX KHHeMaTH'IecKHH <t>nT ~asan 

~ 
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Ibarrr8.lhHIUI 118cTKUB P CraBle) 

P Hc.7 • .llayMepHoe pacnpe.zu:.neHHe no HMnynbCaM noJJOlKHTeJJb­

HbiX H OTPHU&TeJJbHbiX '18CTHU y KOJIJIHHeapHblx co6biTHH. lfep­

HbiMH KBaAP&T&MH noMe'leHbl COObiTHII, YAOBJJeTBOPIIIOW.He oceM 

TpeM KpHTepHIIM oroopa AJIII pe&KUHH noHTeKOpBO 
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3Hat~euue oep051THOCTH mnoTe3bl (1) < 96%. 3ToMy yCJioBHIO YAOBJieTBo­

p.suoT 54 co6HTH51 H3 Tpurrepa A u 23 co6HTH51 Tpurrepa B. 
Ha puc.7 npeACTaBJieH ABYMepHblH rpa<l>nK HMnyJibCOB n oJIO)KHTeJibHO 

H OTpHD;aTeJibHO 3apSI)KeHHblX 'laCTHD;. llepHblMH KBaApaTaMH llOKa3aHbl C0-

6blTHSI, npomeAWHe BCe TpH KpHTepHSI o'J'6opa. 5J:BHO Bb[AeJISieTCSI rpynna C0-

6HTHH B paHOHe 1,25 r3B/ COT peaKD;HH TIOHTeKOpBO (1). 

3.2. OnpeAeneuue MeKTHBHOCTH pemCTpau;uu 

H BlliXOAOB peaKD;HH 

,lLnSI onpeAeJieHHSI BepoSITHOCTH peaKD;HH ( 1) 61l1JIH BBeAeHbl CJieAyiO­

~He nonpaBKH: 

- egeom- KoppeKD;HSI ua reoMeTpn'leCKHH aKcenTauc ycTaHOBKH. Oua 

onpeAeJieua no MouTe-KapJio c yt~eTOM pa3MblTHSI ny'IKa u pean&uoH: TO'I­

HOCTH AeTeKTOpoB; 

- etrig- MeKTHBHOCTb Tpurrepa. Oua onpeAeneua ua ocuooe npo-

CMOTpa COOblTHH, noJiy'leHHblX B MHHHMaJibHOM Tpurrepe. TipocMoTp co6bi­

THH npoBOAHJICSI C llOMOW.biO nporpaMMbl, llOKa3b1BaiOW.eH Ha AHCnJiee KOM­

llbiOTepa npocrpaHCTBeHHOe pacnoJIO)KeHHe TpeKoB· COObiTHSI H cpa6oTaB­

WHX C'leT'IHKOB TOF. 0Ka3aJIOCb, 'ITO B 3% CJiyt~aeo TpeK, npoweAWHH 

'1epe3 C'leT'IHK ouyTpeuuero CJIOSI TOF, ue Bbi3BaJI ero cpa6aTbiBaHHSI; 

- etrack- KOppeKU,HSI Ha YKOpa'IHBaHHe TpeKa (CM. pa3AeJI 3.1), KOTO-

paSI onpeAeJISIJiac& ua ocuooe npocMoTpa COObiTHH, ua6paHHbiX c TeM HJIH 

HHbiM TpHrrepoM; 

- er- MeKTHBHOCTb nporpaMMbl peKOHCTpyKu,uu; oua TaK)Ke onpe-

AeJISIJiac& nyTeM npocMOTpa AaHHbiX C MHHHMaJibHbiM TpurrepoM; 

- e1 - KoppeKU,HSI ua MeKTHBHbiH OO&eM • .LI,JISI Tpurrepa A, B KOTO-

poM HCllO.IIb30BaJiaCb OOnbWaSI 30 CM MHWeHb, 3Ta KOppeKl.I,HSl OllpeAeJISIJiaCb B 

npeAllOJIO)KeHHH, 'ITO pa,Quyc 3<1><1>eKTHBHOro OObeMa COCTaBJISieT 5 CM. 

- e MC - MeKTHBHOCTb pemCTpau,uu, noKa3biBaiOW.aSI, KaKaSI 'laCTb 

noJie3HbiX COObiTHH peaKu,uu ( 1) npoxOAHT '1epe3 KpnTepuu oT6opa, uc­

noJI&3yeMble npH UAeHTH<I>HKaU,HH (BKJIIO'IaSI KpHTepHH Ka'leCTBa TpeKOB). 

3Ta KoppeKU,HSI onpeAeJISIJiac& cuMyJiupooauueM COObiTHH OT peaKu,uu (1) 
no MouTe-KapJio. Pa3blrpb1Bauue npoBOAHJIOCb c yt~eToM pean&HbiX MeK­

THBHOCTen AeTeKTopoo, cuMyJiupooauuble co6biTHSI peKOHCTpyupooanuc& 

TOH )Ke nporpaMMOH o6pa6oTKH, 'ITO u pean&Hble AaHuble. TipeACTaBJieuue o 

CTeneHH aAeKBaTHOCTH MOHTe- KapJIO MO)KHO llOJIY'IHTb H3 puc.8, Ha KOTO­

poM npuBeAeHo HMnyJibCHOe pacnpeAeJieHHe AJISI KOJIJIHHeapublx COObiTHH. 

CnJiowuou JIHHneH: noKa3aH <l>nT 3KcnepuMeHTaJibHbiX AaHHblx ABYMSl rayc­

cuauaMH, COOTBeTCTBYIOW.HMH HMnyJibCHOMY pacnpeAeJieHHIO COOHTHH oT 
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P Hc.8. HMnyn&eHoe pacnpe.z~eneHHe AJIII KOJIJIHHeapHbiX COObJ­

THH. CnnowHOH JIHHHeH noKa31lH <j>HT ABYMII rayccHaHaMH, KOTO­

p ble COOTBeTCTBYIOT HMnyJibCHbiM pacnpe,lleJieHH!IM COObiTHH OT 

p eaKU.HH (8) H (9) . llyHKTHpHOH JIHHHeH noKa31lH pe3yJibTaT 

O,lleJIHpOBaHH!I 3THX peaKU.HH no MOHTe-KapJIO C y'leTOM peaJib­

HOro pa3peweHHSI ,lleTeKTOpoB 

peaKU.HH {8) H (9). IlyHKTHpoM o6o3Ha'leHhl pe3yJI&TaThl CHMYJIHposaHHSI 

3THX peaKIJ.HH no MoHTe-Kapno. 

BepOSITHOCTb peaKU.HH (1) onpe~eJISIJlac& no <J>opMyJie 

BR=N/ENm, 

r~e E - o6w,a SI 3Qxt>eKTHBHOCTb 

E=ee e . EE e r track tng f MC geom' 

(10) 

N- 'lHCJIO COOhiTHH peaKU.HH IloHTeKopso (1), N m- nOJIHoe 'lHCJIO aHHH­

I'H.IISIIJ.HH s ra3e MHmeHH. HeKOTopaSI ~OJISI aHTHnpoTOHOB Morna aHHHI'H.IIH­

posaT& B TOHKOM ( 100 MKM) BXO~HOM CU,HHTHJIJISil.I,HOHHOM C'leT'!HKe H BO 

BXO~HOM OKHe MHWeHH, KOTOpoe C~eJiaHO H3 Maii:Jiapa TOJIW,HHOH 23 MKM. 

BhiJio ou.eHeHo , '!TO ~OJISI TaKHx aHTHDpoTOHOB cocraBJI.sieT(0,5-Q,8)% OT N m· 

lJHCJieHHhle 3Ha'leHHSI K03Q$Hl.I,HeHTOB, HCnOJib3yeMhiX B (10), npHBe­

~eHhl B Ta6JI. l . 
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Ta6n~a 1. Onpe~e.neuHe Bepoii'I'HOCTH pea~H nome"opso. 
E - DOJIH8fl 3CM~ei:TIIBHOCTI>' pei'Hcrp8QHH pea~H 

TpHJTepA TpHITepB 
pd-:rc-p pd-:rc- p 

N (<'P) 54 23 

EMC 0,74 0,57 

ttrack 0,84 0,84 

tgeom 0,008 0,011 

ttrig 0,97 0,97 

tr 0,81 0,89 

tf 0,975 1,0 

E 0,00380 0,00464 

llO~CTaBJHUI'IHCJia H3 Ta6JI.1 B (1 0), UOJiy'laeM . 

W (P + d -+:rc-+ P) = {1,19 ± 0,16)·10-5 ~.siTpHJTepa A; 
. = (1 ,23 ± 0,26) ·10-5 ~.si TpHrrepa B. 

B3BemeHHoe cpe~ee 3THX ~Byx 3Ha'leHHii paBHO 

W (P + d-+ :rc- + p) = (1,20 ± 0,14) ·10-5· (11) 

3.3. AHaJIH3 <l>oHOBblX npon;eccoB 

):Ln.s~ peaKn;HH TioHTeKopBo (1) HMeiOTC.si CJie~yiOID;He <l>oHOBhle npon;ec­
Chl c ~BYM.si 3ap.s~xeHHblMH 'laCTHD;aMH c OOJibmHMH HMnYJibCaMH: 

(8) 

p+d-+p-+p 
... :rc- +:reo. 

(12) 

p+d-+M-+p 
... :rc- +:reo. 

(13) 

B npe~~YID;HX 3KcnepHMeHTax [3-5] no H3y'leHHIO peaKD;HH TioHTe­
Kopso (1) B Ka'leCTBe <l>oHa paCCMaTpHBaJiaCb TOJibKO peaKD;H.si (8). L(Ba 
1'C-Me30Ha, KOTOpble oopa3yiOTC.si B 3TOH peaKD;HH, HMeiOT HMDYJibCHOe pac­
npe~eJieHHe B paiioHe P:rc = 0,928 r3B/c, pa3MblTOe 3a C'leT <J>epMH-~BHXe-
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HHSI. 0AHaKO <f>epMH-ABHX<eHHe He MOX<eT npHBOAHTb K YBeJIH'IeHHIO HM­

nyJibCOB OAHOBpeMeHHO y OOoHX Me30HOB, OHO He MOX<eT «3a6pocHTM Cpa3y 

ABa HMny JibCa B paH:oH 1, 2 f3B I c, xapaKTepHbiH AJISI peaKU,HH IloHTeKopBo. 

J1HTepBaJI B 300 M3B/c Me::>KAy THllH'IHbiMH HMllYJibCaMH B peaKU,HSIX (1) H 

(8) CJIHWKOM BeJIHK TaKX<e B Cpa8HeHHH C HaWHM HMllYJibCHbiM pa3peweHH­

eM, KOTopoe cOCTa8JISieT 3,5% 8 o6JiaCTH 1. f3B/c. Ilo3TOMY npuMecb co6hi­

THH peaKu,HH (8) MaJia. CHMYJIHpo8aHHe no MoHTe-KapJio noKa3hl8aeT, 'ITO 

AJISI HMeiO~eH:cSI cTaTHCTHKH co6biTHH peaKU,HH (8) (nopSIAKa HeCKOJibKHX 

TbiCSI'I) HH OAHO H3 COObiTHH He npoXOAHT qepe3 KpHTepHH oroopa 1) -3)' 
KOTOpble 6biJIH HCllOJib308aHbl AJISI oroopa peaKU,HH IlOHTeKOp80. 

Haw aHaJIH3 noKa3aJI, 'ITO OCHOBHbiM <f>oHoM AJISI peaKU,HH (1) SIBJISIIOT­

CSI npou,eCCbl (12)- (13), KOTOpble npCACTaBJISIIOT COOoH TOX<e A8YX'IaCTH'I­

HYIO aHHHI'HJISIU,HIO THna peaKu,HH: IloHTeKOp8o. PeaKU,HSI ( 12) ecTb po::>KAe­

uue OAHOI'O p -MC30Ha, 'ITO 3anpe~eHO B aHHHI'HJISIU,HH Ha CBOOoAHOM HYK­

JIOHe. IlpoTOH B 3TOH peaKU,HH AOJIX<eH HMeTb HMllYJibC OKOJIO 1,116 f3B/ C, 

KOTOpbiH <<pa 3Ma3b1BaeTCSI>> H3-3a KOHe'lHOH WHpHHbl p. 3TO pa3MbiTHe HC 

O'leHb OOJihw oe H xapaKTepuJyeTCSI a ::::::: 40 M3B/ c. 

B peaKu,uu (13) o6pa3yiOTCSI A8a n-MeJoHa c 3Qxt>eKTH8Hou Maccou 

M:n.:n. 8 pauo ue 2m:n. ·< Mj[ :n: < mn. TaKou npou,ecc TaKX<e ue803MOX<CH npu 

f3rop 
I.Z 

CIA 

CIA 

0.4 

o.z 

0TJIIIU8T9JibHSR 'i8CTHUa t 
.... c~~.::~~~··+++~·/t 

_... + + 
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P Hc. 9. CKOp<>CTb f3 AJill noJJO>KHTe./lbHbiX H OTPHI.l&TeJJbHbiX 'I&CTHI.l, 

38perHCTpHpoB8HHbiX B TpHITepe A K8K ljlyHKI.lHll HX HMnyJJbC8 
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aHHHI'H./I51~H Ha cBo6oAHOM HYKJIOHe. Ha AHarpaMMe pHc.l r noK 3aHo, KaK 

Morna 61>1 npoHCXOAHTb 3Ta peaK~H51. B Ha'lane MOrJIH o6pa3oBaTbC51 Tpu­

~t-Me3oHa, OAHH H3 KOTOplliX norJIOTHJIC51 61>1 Ha OAHOM HYKJIOHe Aelt:TepH51. 

MaKCHMaJibHHii HMnyJibC nporoHa OT peaK~HH (13) cOCTaBJI51eT 

1,233 r3B/c ('ITO COOTBeTCTByeT M1C1C = 2m1C), T.e. H3XOAHTC51 B HenocpeA-

CTBeHHOH MH30CTH OT 3Ha'leHH51 1, 246 r3B/ c AJI51 nporoHa OT peaK~HH ( 1). 
06e peaK~H (12) H (13) AO CHX nop He Ha6JIIOAaJIHCb, H HX H3y'leHHe 

npeACT3BJI51eT C3MOCT051TeJibHiliH HHTepec. 

Ha pHc.9 noKa3aHo pacnpeAeJieHHe CKOpoCTH {3 y noJIO.lKHTeJibHHX HOT­

pH~aTeJibHillx 'laCTHD;, 3apemCTpHpoBaHHi.lx B TpHrrepe A, AJI51 pa3Hillx HM­

nyJibCOB. BHAHO, 'ITO BllJIOTbAO 3Ha'leHHH HMllYJibtap:::::: 1 r3Blc pacppeAe­

JieHH51 AJI51 llOJIO.lKHTeJibHiliX H OTpH~3TeJibHiliX '13CTH~ llpaKTH'IetKH COBna­

A310T H Jie.lKaT B HHTepBaJie {3 = 0,9-1. 3TO llOK33IliB3eT, 'ITO B OCHOBHOM 

3TH '13CTH~Ill- llOJIO.lKHTeJibHille H OTpHD;3TeJibHille 1t-Me30Hill. 0 AH3KO pac­

npeAeJieHHe AJI51 p > 1 r3B/ C CHJibHO MeH51eTC51, CKOpoCTb y llOJIO.lKHTeJibHiliX 

'13CTH~ yMeHbW3eTC51 AO 3H3'1eHHH {3:::::: 0,8, 'ITO COOTBeTCTByeT CKOpoCTH, 

KOTOpyiO npH T3KHX HMllYJibtaX AOJI.lKHill HMCTb llpoTOHill. 0AH3 KO He BCe 

3TH llpoTOHill AOJI.lKHill HATH H3 peaKD;HH flOHTeKOpBO ( 1), a TOJibKO HeKOTO­

paSI '13CTb. 

16 

14 

1.5 

P (l'BB/c) 

PHc.lO. HMnyJJbCHoe pacnpeAeJJeHHe noJJOlKHTeJJbHbLX '13CTHI\, 

npoWeAWHX KpHTepHH l) H 2) 
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Ha puc.10 npeACTaBJieHo HMnym>CHoe pacnpeAeJieHHe noJIO.lKHTeJibHO 

3ap.SI.lKeHHlllX 'laCTHU., KOTOpllle npoiWIH KPHTepHH OT6opa 1)-2) (eM. pa3-

AeJI 3.1). 3TH KpHTepHH OT6paclllBaiOT co6lllTH.SI peaKU.HH (8) c n-Me3oHaMH 

H OCTaBJI.SIIOT co6lllTH.SI c nporoHaMH, Tpe6y.s~, 'ITOOlll CKOpoCTb y noJIO.lKH­

TeJibHlllX t~acTHU. 6lllJia p+ < 0,9. KpoMe nuKa OT peaKI.I,HH lloHTeKopBo n-p 

npH 1,24 rsB/c BHAHa HeKOTOpa.SI CTPYKTypa npH 1,1 rsB/c, T.e. TaM, rAe 

O.lKUAaiOTC.SI npoTOHlll OT peaKI.I,HH (12). 0AHaKO nOCKOJibKY Ham TpHrrep 

6lllJI HaCTpoeH Ha OT6op KOJIJIHHeapHlllX co6lllTHH, OH He 6lllJI onTHMaJibHlllM 

AJI.SI pemCTpau.uH peaKI.I,HH (12). Ha puc.ll noKa3aHo pacnpeAeJieHue no 

::xjxpeKTHBHoii Macce nuoHHOH cuCTeMlll AJI.SI COOlllTHH, KOTOpllle YAOBJieTBO­

p.SIIOT KPHTepH.SIM 1)-2), HO He npoXOA.SIT KpHTepuii 3), TO eCTb TaKue co6lll­

TH.SI, KOTOpllle HAYT He OT peaKI.I,HH llOHTeKOpBO (1), HO HMelOT npoTOH C 

OOJibWHM HMnyJibCOM. Mo.lKHO BHAeTh, 'ITO B paiioHe Macclllp-Me3oHa HMe­

eTC.SI HeKOTOpoe B3BOJIHeHHe, OAHaKO 3TOT nHK MO.lKeT 6lllTb paCI.I,eHeH TOJib­

KO KaK y Ka3aHue Ha pemCTpau.uJO co6lllTHH OT peaKU.HH (12). 

ECJiu npeAnOJIO.lKHTb, TeM He MeHee, 'ITO B caMOM AeJie 3TH COOlllTH.SI 

npHHaAJie.lKaT peaKI.I,HH aHHHrHJI.Sili,HH B p p, TO MO.lKHO ()ll,eHHTb Bepo.SIT-

14 
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12 

- " 10 

I 8 

~ 
~ 6 .----

4 ILJ 
z L___ 

1.-:-
00 0.2 

(___ 

0.4 0.6 0.8 

leu (l'8Bic
2l 

PHc. ll. Pacnpe,11eneHHe no 31Jxl>eKTHBHOH Macce Jlnll <~aCTHU. , 

nporne,llliiHX KpHTepHH l) H 2), HO He YJIOMeTBOpliiOI.I.IHX KpHTe­

pHIO 3), T.e. ,~~nll COObiTHH, KOTOpbie He npHHa,~~ne>KaT peaKJJ.HH 

( l), HO HMeiOT npoTOHbl C OOnbliiHMH HMny nbC3MH 
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HOCTh TaKoro npou;ecca. IlpeAnOJiaran~h, 'ITO 15 COOhiTHH npHHaAJie)KaT 

peaKI.J;HH (12). feOMeTpH'IeCKa)I3QxPeKTHBHOCTb pemCTpai.J;HHp-p B 4 pa3a 

xy)Ke, 11eM peaKI.J;HH (1), H cOCTaBJI)IeT e geom. = 0,002 (31'0 6h1Jlo ou;eHeHo no 

MoHTe-KapJio). KoppeKI.J;H)I Ha BhiOOPKY xopomux co6hiTHH u non pasKa Ha 

ucnoJibayeMhle KPHTepuU: OT6opa, Bhi'IHCJieHHa)l no cuMyJiuposaHHhiM co-

6hiTH)IM, COCTaBHJia EMC = 0,74. 0CTaJibHhle KOppeKI.J;HH HMeJIH TC )KC 3Ha-

'ICHH)I, 'ITO npuseACHhl B Ta6JI.1 AJI)I Tpurrepa A. B peay Jib TaTe 6hiJI noJiy'leH 

CJieAyiOIII;HH BhiXOA: 

w ("P + d-+ p-+ p) = (2,25 ± 0,58) -10-s. (14) 

Mhl paccMaTpusaeM 3TO aHa 'IeHne He KaK TBepAO yCTaHOBJieHHYIO BeJIH­

'IHHY, HO KaK HeKyiO OI.J;eHKY, KOTOpa)l MO)KeT 6h1Tb nOJie3Ha npH on peAeJie­
HHH !~>aHa K peaKI.J;HH IIouTeKopso (1). B caMOM AeJie, ua-aa noxo)Keii: KHHe-

MaTHKH, co6hiTH)I peaKI.J;HH p-p MOryT 6h1Tb ~epenyTaHhl c n-p. C uMy JIHpo­

saHue no MoHTe-KapJIO peaKu;uu (12) noKa3hiBaeT, 'ITO B 37% CJiy'I.J:aes 
COOhiTH)I OT ::rroii: peaKu;uu MOryT npoxoAHTh KPHTepuu OT6opa 1) -3) AJI)I 

npou;ecca ( 1). 3HaSI 31'0 H npHHHMa)l BO BHHMaHHe OI.J;eHKY BepogTHOCTH !l>o­
HOBOH peaKI.J;HH (12), noJiy'leHHYIO Bhlme (eM. (14)), MO)KHO cKaaaTh: 'ITO B 

HameD: BhiOOpKe ua 54 co6hiTHii AJI)I Tpurrepa A MO)KeT uaxoAHTbC)I 9 co6bl-

THii, KOTOphle Ha caMOM AeJie npHHaAJie)KaT Kauany p-p. 
qTOOhl y11eCTh npuMeCh oT COOhiTHH peaKI.J;HH (13), Mhl MOAeJIHpoBaJIH 

3TY peaKI.J;HIO c y'leTOM KaK <f>epMH-ABH)KeHH)I ueii:TpoHa B AeiiTpoHe, TaK u 
nepepacCe)IHH)I nHOHOB Ha llpoTOHe B KOHe'IHOM COCTO)IHHH. IJpeAnOJiara­

JIOCb, 'ITO npu OOJihmux HMnyJibCax pacnpeAeJieHHe npoTOHOB CJieAyeT 

OOJihi.J;MauoscKoMy c napaMeTpaMH, onpeAeJieHHhiMH B 3KcnepuMeHTe KOJI­

Jia6opau;uu ASTER IX [5 ]. 

dN/dp =A (p2/E) exp (-E/E0). (15) 

3Aecb A - HOpMHpoBO'IHa)l KOHCTaHTa, a E0 - napaMeTp «TeMn~aTy­

phl»: E0 = 98 MsB. 

C'IHTaJIOCh, 'ITO TaKaSI napaMeTpuaau;u)l cnpaBeAJIHBa AJI)I npoTOHOB c 

HMnyJibCOM AO 1 rsB/c. PeaKI.J;H)I (13) 6h1Jla pa3hlrpaHa no MouTe-KapJIO 

AJI)J npoTOHOB c HMnyJibCaMH p > 0,8 rsB/c. TOJibKO OAHO COOhiTHe H3 1595, 
YAOBJICTBOp)IJOm;ux yCJIOBH)IM Tpurrepa, npomJio 11epea KpHTepuu 1-3 AJI)I 

peaKI.J;HH IlOHTeKOpBO (1). 3Ha)l OOIII;HH nOTOK aHTHnpoTOHOB 11epe3 ycTa-

HOBKy, Bepo)ITHOCTb peaKI.J;HH (13)- (0,74 ± 0,12)·10-2 (16 ), AOJIIO npo­

TOHOB Cp > 0,8 fsB/c (11 %) H 3QxPeKTHBHOCTH pemCTpan;HH annapaTyphl, 
MO)KHO onpeAeJIHTh, 'ITO 2 co6hiTH)I ua peaKu;uu (13) MOryT npuMernaThC)I K 

uameii: BhiOOpKe co6hiTHH peaKu;uu IloHTeKopso. 
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B HTOre Hama OD;eHKa cf>oHa OT peaKD;HH (12)-(13) llOKa3an:a, 'ITO OKO­

JIO 11 C0 6hlTHH H3 54 MSI peaKD;HH (1) MOryT 6b1Tb 3a C'leT cf>oHOBhlX npou;ec­

COB. O .o.HaKo Hama npou;e.o.ypa ou;eHKH cf>oHa .O.OJI)f(Ha 6hlT& socnpHHSITa 

TOJibKO KaK nepBOe npn6JIH)f(eHHe, llOCKOJibKY Mhl He 3HaeM HeKOTOphlX 

sa)f(HhlX xapaKTepuCTHK MSI npasHJI&Horo onpe.o.eneHHSI cf>oHa. TaK, Hanpu-

Mep, s cnyqae peaKu;nu p + d -+ p- + p, H3-3a TPY.O.HOCTeH: B Bhl.IJ.eJieHHH 

::noro n pou;ecca, rJiaBHaSI HeOnpe.o.eneHHOCTb COCTOHT B 3HaHHH sepoSITHOCTH 

.o.aHHOH peaKD;HH • .[LIISI MO.IJ.hl p + d -+ ~-+ ~O + p He H3MepeH HMllYJibCHhlH 

cneKTp llpoTOHOB npu p > 1 f::JB/ C H, CTporo I'OBOpSI, He SICHO, HaCKOJibKO 

MO)f(HO .IJ.OBepSITb napaMeTpH3aD;HH ( 15). 0Ha 6hlJia C.O.eJiaHa MSI .O.aHHhlX llO 

aHHHrHJISID;HH p + d -+ ~ + p S' a Mhl npHMeHSieM ee .IJ.JISI aHHHrHJISID;HH 

B h, HMllYJibCHhlH cneKTp KOTOpoH .O.OJI)KeH na.o.aTb CHJI&Hee. Ilo 3THM npH­

'lHHaM Mhl pemHJiu He Bhl'lHTaT& ll COOhlTHH, HO paccMaTpnsaT& nx KaK Me­

py CHCTeMaTH'leCKOH OWH6KH npu onpe.o.eJieHHH BepoSITHOCTH peaKD;HH ( l). 
3a C'leT 3TOH CHCTeMaTH'leCKOH OWH6KH BepoSITHOCTb ( l) MO)f(eT 6h1Tb 3aBhl­

meHa Ha ll ,3%. 

4. 0 6Cy)K.IJ.eHHe pe3yJibTaTOB 

B Ta 6nuu;e 2 Mhl npuso.o.nM cpasHeHne Hamux pe3yJI&TaTOB c npe.o.cKa-

3aHHSIMH pa3JIH'!HhlX TeopeTH'leCKHX MO.O.eJieH, a TaK)f(e C .O.aHHhlMH .o.pyrux 

3KCnepn MeHTOB. 

(7) 

(8) 

(9] 

(101 

Ta6JIHI(a 2. Bepo!ITIIOCTb pea~HH notrreKOpBO w {jid .... x-p) 
AJIR 8HHHrHJIR~HH UOKORutHXCR 8HTHUpoTO~OB. 

CpaaueuHe c reopHeit H A8HHbiMH ApyrHx 3KCnepHMeHTOB 

Teop1111 W ("ftd -.~-P) 

2,7 · 10-6 - 5,7 · 10-6 

3.4. 10-6 - 3.8 . 10-5 

8,5 · 10- 6 - 3,1 · 10-s 

3,0·10-s 

3KcnepHMeHT: W(pd-+x-p)=(0,9±0,6) · 10-5 (3] 

=(2,8±0,3)·10-5 (4] 

= (1,4 ± 0,7) · 10-5 (5] 

= (1,20 ± 0,14)·10-s - 3Ta pa6oTa 
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B~Ho, 'ITO Ham pe3yJihTaT comacyeTCSI c npeJl.JAAYIIJ.HMH H3MepeHHSI­

MH, npoBeJl.eHHhiMH B ny3hlpbKOBOH KaMepe (3) H KOJIJia oopau,HeH 

ASTERIX [5 ]. Ho Hama CTaTHCTHKa OOJibme, tJeM 6 COOhiTHH, HaimeHHhiX B 

[3 ], H 3 COOhiTHSI H3 [5 ]. Harne 3HatJeHHe Jl.JISI BepoSITHOCTH (1) 8 Jl.Ba pa3a 

MeHhme Toro, 'ITO 6h1Jlo H3MepeHo B 3KcnepHMeHTe PS-183 [ 4 ] . 0Jl.HaKo B 

3KCnepHMeHTe (4) peaKU,HSI IlOHTeKOpBO (l) HCKaJiaCb DO H3Mepe HHSIM HH­

KJII03HBHOro cneKTpa DHOHOB (JIHOO DpoTOHOB) Ha COBDaJl.eHHe C JIIOOOH tJa­

CTHU.eH, BhiJieTaiOm.eH: B DpoTHBODOJIO.lKHOM HanpaBJieHHH (TpCOOBaJIOCb, 

lJTOOhl yroJI Me.)((Jl.y Jl.BYMSI tJaCTHU,aMH 6hiJI OOJibWe, 'I eM 17 5°). H eKOTOphiH 

KJiaCTep H3 40 COOhiTHH B paH:oHe 1,25 r3B/ c 6hiJI HaimeH B DHOHHOM cneK­

Tpe, H OKOJIO 40 co6hiTHH 6h1Jlo o6Hapy.lKeHo B npoTOHHOM cneKTpe. IlOCJie 

qero a8TOphl cyMMHpoBaJIH tJHCJIO co6hiTHH B o6oux cneKTpax u HaWJIH, 'ITO 

Jl.JISI 80 co6hiTHH BepoSITHOCTb peaKU.HH (I) eCTb: W(.n:- p) = 

= (2,8 ± 0,3) ·10-5. 

Ha caMOM Jl.CJie, cnpa8eJl..IIHBOCTb TaKoro cyMMHpoBaHHSI .11.0 OJibHO co­

MHHTCJihHa. Oco6eHHO B HMDYJibCHOM cneKTpe npoToH08 MO.lKHO O.lKHJl.aTb 

3HalJHTCJibHOH npHMCCH OT peaKU.HH p + d-+ p- + p H p + d-+ .n; - + .n:0 + p, 

'ITO OOcy.)((Jl.aJIOCb B pa3Jl.CJie 3.3. IlOCKOJibKY BepoSITHoCrb peaKU,11H p-p MO­

.lKeT 6b1Tb 8 Jl.Ba pa3a OOJihwe, tJeM .n:-p (eM. ( 14)), To 3a8b1WeHue 8epoSITHO­

CTH (1) npH TaKOH npou.e.11.ype 8DOJIHe 803MO.lKHO. 

Pe3yJihTaTbl pa3JIHlJHbiX TeopeTutJecKHX pacl!eToB BepoSITHOCTH peaK­

u,uu IloHTeKopBo (I) noKa3aHbl 8 Ta6JI.2. B~Ho, ~!To eCTb OOJibwo H: pa36poc 

Me.)((Jl.y npeJl.CKa3aHHSIMH pa3Hb1X MOJl.CJieH. IlpH'IHHa COCTOHT 8 CHJibHOH 3a-

8HCHMOCTH pe3yJibTaTa OT D08eJl.eHHSI Jl.eHTpoHHOH BOJIHOBOH <j>yHKLI,HH npH 

6oJihwHx HMnyJihcaX, OT Bb16paHHbiX BCJIH'IHH MNN-<J>opM<j>a KTOpoB, a 

TaK.lKe OT BHyTpeHHHX HeonpeJl.CJieHHOCTeH pa3JIHlJHbiX MOJl.CJieH:. TaK, 

Jl.a.lKe B paMKax O.ll.HOH u TOH .lKe MOJl.CJIH [9 ) MO.lKHO noJiytJHTb BepoSITHOCTH 

(1), OTJIHlJaiOIIJ:HCClil B Jl.Ba pa3a 3a ClJeT HCDOJib30BaHHSI napH.lKCKOro HJIH 

OOHHCKoro nOTeHU,HaJIOB. TeM He MeHee oKa3biBaCTCSI, 'ITO B MOJl.CJISIX nepe­

pacceSIHHSI [ 7, 9 ), ytJHTbiBaiOm.ux HeKOTOpble Jl.HarpaMMbl pHc.1, noJiytJaeT-

CSI Jl.OBOJibHO MaJIOe 3HalJeHHe (Ha ypoBHe HCCKOJibKHX eJl.HHHU. 10-6) 

BepoSITHOCTH ( 1). 3TO MO.lKeT 6b1Tb pacu,eHeHO KaK yKa3aHHe Ha TO, 'ITO Jl.PY­

rne MeXaHH3Mbl (KaK, HanpHMep, H300pa.lKeHHble Ha Jl.HarpaMMe pHC.2) 

BHOCSIT cym.eCTBeHHbiH BKJiaJl.. 0Jl.HaKO KOppeKTHOe TeopeTHlJeCKOe pac­

CMOTpeHHe peaKU,HH IlOHTeKOpBO HaXOJl.HTCSI B caMOM HatJaJie. 8 :>TOM CMbiC­

Jie, Jl.JISI JIHKB~aU,HH MHOrolJHCJieHHbiX TCOpeTHlJCCKHX HeOnp eJl.CJieHHO-

CTeH, H3ytJeHue pa3JIHlJHblx peaKu,uH: IloHTeKopso Tuna p + d -+ M + N 

npeJl.CTaBJISieTCSI OlJeHb Ba.lKHbiM. 
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llepBhiH mar B aHaJIH3e peaK~HH llOHTeKOpBO C U:.lKeJihiMH Me30HaMH 
p + d-+ M + N6hiJI C~eJiaH B paooTe (15 ), B KOTOpoH paCCMOTpeHhl npo~ec­
Chl c 1J-, 1J '-, p- ,w-, cl>-, a2-, t2- u AX -Me3oHaMu B KOHeqHoM COCTO.si-

""" (eM. TaK.lKe [ 17]). B npoMe.lKyToqHoM COCTO.siHHH yqnThiBaJIOCb norJio­
m,eHue .n - , p- u w-Me30HOB (eM. ~uarpaMMY puc.16). O~Ho H3 npe~cKa3a-

HHH (15) COCTOHT B TOM, qTO Bepo.siTHOCTb peaK~HH p + d-+ p-+ p ~OJI.lKHa 

6h1Tb B ~Ba pa3a OOJihme, qeM p + d -+ .n-+ p. K TaKoMy .lKe BhiBo~y npuBo­

~.siT pe3yJihTaThl pacqeToB [17 ]. 3ro coBna~aeT c Ramen 3KcnepuMeHTaJib­

HOH o~eHKOH Bepo.siTHOCTH KaHan:a p-p ( 14). 

5. Bbi BO~hl 

llpe~CT3BJieHhl pe3yJibT3Thl HOBOro H3MepeHH.sl Bepo.siTHOCTH peaK~HH 

p + d -+ .n-+ p ~JI.si aHHHrHJI.si~uu noKo.s~m;uxc.s~ aHTunpoTOHOB. Ha~eHo 77 

co6hiTHH ~aHHOH peaK~HH B pa3Hhlx KOH<J>urypa~u.s~x Tpurrepa, qTo cOOT­
BeTCTByeTBepo.siTHOCTH 

W ("P + d -+.n- + p) = (1,20 ± 0,14)·10-5• 

lloJiyqeHo nepBoe yKa3aHue Ha Ha6mo~eHue peaK~HH lloHTeKopBo 

p + d-+ p - + p. Ha~eHo 15 COOhiTHH, KOTOphle MOryT npuHa~Jie.lKaTb ~aH­
HOH peaK~Ku. 3To ccioTBeTCTBYeT Bepo.siTHOCTH 

w("P+d-+p-+p) =(2,25±0,58)·10-5. 

Mhl paccMaTpHBaeM :no 3HaqeHue He KaK TBep~o ycraHOBJieHHYIO BeJIH­
quHy, HO KaK HeKyiO O~eHKY, KOTOpaR MO.lKeT 6b1Tb DOJie3Ha npu onpe~e.n:e­
HHH <J>oHa K peaK~HH llOHTeKOpBO (1). 

Jl,<iJihHeHmee H3yqeHHe peaK~HH llOHTeKOpBO oqeHb Ba.lKHO K3K ~Jl.sl ~e­
JieH Me30HHOH CDeKTpocKODHH, T3K H ~JISI H3yqeHH.sl BhiCOKOHMDYJibCHOH 

KOMDOHeHTbl ~epHOH BOJIHOBOH <J>yHK~HH, r~e HeHyKJIOHHble CTeneHH CBO­
OO~bl ~OJI.lKHhl urpaTb OOJihmyiO poJib. 

ABTophl Bhlpa.lKaiOT OOJihmyiO npH3HaTeJibHOCTb E.M.lloHTeKopBo 3a 
nocTaHOBKY npo6JieMbl. Mhl 6Jiaro~apuM A.E.Ka~an:oBa, JI.A.Ko~aTIO­
Ka, A.E.Ky~pRB~eBa u Jl,.E.Xap3eeBa 3a HHTepecHJiole o6cy~eHH.si u 3KC­
DJiyaTa~uoHHbiH nepcoHan: LEAR 3a ux ycHJIHR no o6ecneqeHHIO BhiCOKOKa­
qecrBeHHbiX nyqKOB aHTHDpoTOHOB. 
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FINE STRUCTURE IN COLD FISSION MASS 
DISTRIBUTION OF 249Cf(nth,!) REACTION 

Yu. V .Pyatkov•, R.A.Shekhmametiev•, A.I.Slyusarenko• 

The first results on cold fission for 249Cf(nth~reaction are presented. The 
fine structure in cold fission mass distributions for 9Cf(nth./) drastically differs 
from the cold fission data for 252Cf( s ./) reaction. This fact is explained within the 
framework of the suggested cluster concept of the multivalley fission model. 

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

ToaKasr crpyKTypa MaCCOBhiX pacnpeAen:eaaii npoAyKTOB xo­
JIOAHOii <l>parMeHTai.J,HH 249Cf(nthJ) 

IO.B.llsrTKoB•, P.A.IllexMaMeTheB•, AJ1.CJIIocapeaKo• 

flpe.QCTaBJieHbl 8nep8ble noJJy'leHHble pe3YJibTaTbl no XOJIO.QHOMY ,QeJJeHHIO 
8 peaK~HH 249Cf( nth./). TOHK&!I CTpyKTypa MaCC08blX pacnpeAeJJeHHH 8 XOJIOA­
HOH OOnaCTH ,QJIII peaK~HH 249Cf(nth./) H 252Cf(s./) cy~eCTBeHHO pa3JIH'Illa. 
3TOT <l>aKT oOCyJK,QaeTCII 8 paMK8X KJJaCTepHOH KOH~en~HH MIIOI'OAOJIHHHOH 
MO,QeJIH AeJJeliHII . 

• Pa6oTa 8blnonHeHa 8 Jia6opaTopHH II.QepH&Ix peaK~"" OJ.UIH. 

Understanding of the fact, that it is not possible to describe the process 
of fission making conclusions only from gross structures, maybe, is one of 
the main results of low energy fission investigation of the last years. This 
conclusion, to a great extent,based on the calculations and experiments, 
which demonstrate the multivalley character of the potential-energy 
landscape and fine structures in mass distributions of «cold» fission 
fragments. «Cold» fission is a rare fission mode, fission fragments being 
born with extremely low intrinsic excitation energy. Cold fission is related 
to the boundary parts of the phase-space [I ], to the beginning and ending of 
the fission process [2,3 ]. That is why cold fission data are the necessary and 
rigid test for energy fission model. For nearly ten years of cold fission 
investigation a great amount of data was collected on its dependence on 
fissility, excitation energy, etc. 

• Moscow Engineering Physics Institute 
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Fission fragment mass yield 
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The comparison of spontaneous vs induced fission for one and the same 
system can considerably enlarge the experimental data base. The defor­
mation of the compound at the starting point of the descent is varied in this 
case. This parameter influence on cold fission is not studied yet. 

One possible pair for such investigation can be 249Cf(nth'/) and 

25°Cf(s,/) reactions. Results on cold fission for the first system are 
presented here. 

The measurements were performed on the time-of-flight spectrometer 
of unslowed fission products [ 4] at the research MEPHI reactor. The energy 
measurement was made with a gas ionization chamber [5 ]. The energy 
calibration procedure was described in [6 ]. It is based on the well-known 
Schmitt parameterization for energy-amplitude-mass dependence. Coeffi­
cients for the formula were obtained as a result of the fitting procedure of the 

experimental 235U(nth,J) mass distribution to the tabulated one. The Cali-

fornium target was produced by electrodepositing 249Cf onto the stainless 

steel backing, the target thickness was about 20 f-tg/cm2• The overall 

statistics collected in the experiment is 6·106 events. The integral mass 
yield distribution of fission fragments (FF) as well as the mass distibutions 
of FF with fixed kinetic energies are in good agreement with the previous 
results [7 ,8 ] (fig.l). 

The greater statistics, obtained in our experiment, gives the possibility 
of studying mass yields in the energy region with clearly observed fine 
structure (fig.2.). The increased yield near the mass split 115/135 is clearly 
visible in all distributions for fixed kinetic energies E= 124-128 MeV 
where fine structure is observed. 

The fine structure in cold fission mass distributions for 249Ct(nth,J) 

drastically differs from the cold fission data for 252Cf(s,/) [9 ], used because 

of the data absence for 25°Cf(s,/). 

Mass distributions of the 25°Cf(s,/) reaction for energy bins of the total 
kinetic energy TKE = (Q - 5) MeV and TKE = (Q - 7) MeV, where 'Q is 
the average energy release for every mass split, are presented in fig.3. The 
value Q was obtained in ref. [9] by linear interpolation of the Qmax depen-

dence vs mass. Our data for 249Cf(nth,/) reaction, presented in fig.3, were 

obtained for energy bings (fig.3a) TKE = (Q- 5) MeV and (fig.3b) 
TKE = (Q - 7) MeV bearing in mind negligible between Qmax and 'Q 
values. 
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249Cf + n (ttl) fission 
cold fragmentation mass yields 
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Presented in fug.3 spectra comparison gives the following. In both mass 

distributions for 25°Cf* and 252Cf reactions the yield of FF with neutron 
number close to the deformed shell N = 88 is visible, just as in the 
229Th(nth,.t) reaction [10,11 ]. 

As it was mentioned by authors [10,11] it is difficult to explain the 
presence of the deformed shell N = 88 (/3 = 0.65) in cold fission because of 
the necessity for both fragments to be formed in their ground state, as it 
follows from the energy balance of the reaction. One more peculiarity is the 

difference in FF yields in the mass region 132-138 amu. In the 252Cf(s,/) 
reaction yields associated with the spheric shell N = 82 are suppressed to a 
great extent. 

It seems that all these facts can be explained within the framework of 
the suggested cluster concept of the multi valley fission model [ 12 ]. This 
model suggests the following dynamics of the fission process. In the process 
of the irreversible elongation of the compound, at the elongation equal to the 

sum of diameters of ;~9Sn and ~:se nuclei with certain probability 

clusterization can take place. This point can be considered as the bifurcation 
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point and the valley can be called as Sn-valley. The free remaining nuc­

leons, equivalent to ~~Si (for 250cf• -reaction), form the neck betweem two 

big clusters. If clusterization does not take place, the elongation of 25°Cf 
compound, described by the shell-model wave function, continues. Then 

during the following elongation the clasterization with ~!2Xe as one of the 

by-clusters becomes possible, or, in other words, bifurcation to the Xe­
valley, and so on. In the case of Sn- and Se-clusterization, nucleons 

equivalent to nsi do not form it until big clusters are distanced enough to 

make appearance of Si cluster between them possible from the energy and 
geometrical factors. Up to this moment 14 protons and 23 neutrons form a 
kind of a plasma consisting of light He-clusters, pairs, etc. 

The cold compact fragmentation is realized only in Sn-valley as a 
subbarier tunneling to the divided fragments valley. In this case cold 
fragments are two big spherical clusters surrounded by light ones from 
plasma. This cold fission mechanism will always produce fragments with 
small deformation. 

The fragments with A= 142 a.m.u., observed in cold fission , are born in 
their ground state and connected with Sn-valley. Thl! suppression of mass 

yields around mass 134 a.m.u. in cold fission of 252Cf(s,/) is explained by 
more suitable elongation of the compound at the exit point from the barrier 
to form deformed in their ground state fragments 111/141 a.m.u., so the 
affection of cold fission probability by the spectroscopic factor being 
observed. 

In this paper we present only preliminary results on the 25°Cf fission 
measurements. Elaborated conclusions can be made only after direct 
249Cf(n1h,/) and 25°Cf(s.l) reactions comparison, the experiment with 
25°Cf(s.l) now being in progress. 
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BOJibT-AMIIEPHA.SI XAPAKTEPHCTHKA METAJIJIA 
IIPH HY JIEBO.R TEMIIEPATYPE B CJIYqAE, 
KOr.LJ.A E.LJ.MHCTBEHHbiM KAHAJIOM PACCE.SIHH.SI 
.SIBJI.SIETC.SI HCIIYCKAHHE <I>OHOHOB 

II.f.AxumHH, I1.B.AMupxaHOB, JI.A.MaKCHMOB, 
.lJ:.B.IlaBJIOB, I1.B.Ily3hiHHH 

MaTeMaTHqecKall MO,lleJib, OnHCblBaiOll.\all MeTa.IIJI npH Hyne80H TeMnepa­
rype 8 cnyqae, KOr,lla e,liHHCTBeHHbiM KaHMOM pacCeSIHHSI IIMlleTCSI HCnyCKa­
HHe cPoHOH08, CBOAHTCSI K HeJIHHeHHOMY HHTerpo-AH4xt>epeHIJ.I18nbHOMY 
ypa8HeHHIO CO C,li8HHYTblM apryMeHTOM . .lJ:HCKpeTH3aiJ.HSI npOBe,lleHa H8 OCH08e 
MeTO,lla CnnaHH-annpOKCHMaiJ.HH. B03HHKaiOll.\ee HenHHeHHOe ,!111CKpeTH30-
B8HHoe ypa8HeHHe pewaeTCII MeTOAOM npocTOH HTepaiJ.HH. Pe3ynbTaTbi qHC­
neHHOro MO,lleJJHpOBaHHSI COrnaCyiOTCSI C SKCnepHMeHT8nbHbiMI1. 

Pa60Ta 8binOnHeHa 8 Jla6opaTOp11H 8bJqHcni1TeJibHO~ TeXHHKI1 H 8TOMa­
TH3aiJ.HH OIUIH. 

The Voltage-Current Dependence of Metal 
when Temperature is Zero and Single Channel 
of Scattering is Phonon Emittance 

P. G .Akishin et al. 

A mathematical model describing voltage-current dependence of metal when 
temperature is zero and single channel of scattering is phonon emittance is 
suggested. It is reduced to solution of nonlinear integro-differential equation 
with argument shift. A discretization is realized by spline approximation. 
A discrete nonlinear equation is solved by simple iteration method. Numerical 
results are in good agreement with the measurement data. 

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

1. BseAeHue 

B 1982 r.IO.BoroA HAP· [1] 3KcnepuMeHTaJibHO noKa3aJIH, 'ITO 3JieKT­
ponpoBOAHOCTb BHCMyTa npu renuesoH: TeMnepaType (T = 4.2 K ) HMeeT .sip­
KO Bhlpa.)KeHHhiH HeJIHHeHHhiH xapaKTep (puc.1). 

TaK .)Ke, KaK u s aHanorn'IHOM 3Qxi>eKTe EcaKH (KoTopoMy nocs.s~m,eH 
0030p (2 ]) , 3Ta HeJIHHeHHOCTb OOyCJIOBJieHa TeM, 'ITO npH HH3KHX TeMnepa­
Typax eAHHCTBeHHhiM B03M0.)KHhiM KaHaJIOM pacCe.SIHH.SI 3JieKTpOHOB .SIBJI.si­
eTC.SI reHepaiJ;H.SI KOJie6aHHH pemeTKH - <l>oHOHOB. 
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JTOT 3<f><J>exT HMeeT Ba.)KHOe ilay•IHOe H npHKJIMHOe 3Ha'leHHe (2 ), fi0-

3TOMY npe~CTaBJHieTCSI HeOOXO~HMhiM fiOCTpoeHHe XOJIH'IeCTBeHHOH TeOpHH 

3<f><l>exTa, H3JIO.)KeHHJO XOTOpoH fiOCB.SIIIJ;eHa HaCTOSIIIJ;aSI paOOTa. 

2. Bhlso~ xuueTH'Iecxoro ypasueHHSI 

C XalfeCTBeHHOH TOlJXH 3peHHSI BOJibT-aMnepHaSI xapaxTepHCTHXa 

(pHC.l) ofu.SICHSieTCSI CJie~yJOIIJ;HM o6pa30M. lloxa ::mexTpHlfeCXHH TOX 

j = envd(e - 3ap~,n- nJIOTHOCTb ::meXTpoHOB) ~OCTaTOlfHO MaJI, cpe~HSISI 

CXOpocTb Ha npaBJieHHOro ~BH.)KeHHSI :mexTpoHOB (~peH:<J>osaSI CXOpocTb V d) 

TO.)Ke MaJia n O cpaBHeHHJO CO CXOpocTbJO 3Byxa H reuepaD;HSI 3Byxa (U) 3a-

npei.U;eHa 3a XOHaMH COXpaHeHHSI HMnyJI&ea H 3HepmH. 

J 

/ 

E 
PHC.) 

ll03TOMY B OTCYTCTBHH npH­

MeCeH, noxa j<jc = enU, TOX 

~BH.)KeTCSI 6e3 COfipOTHBJieHHSI, 

HalfaJibHhiH ylfaCTOX BOJibT-aM­

nepHOH xapaxTepHCTHXH Teo­

peTHlfeCXH ~OJI.)KeH 6h1Tb CTporo 

BePTHXaJlbHhiM, a peaJibHO B 3XC-

nepHMeHTe [ l ] (puc.l) HMeeT 

xpyToH: naKJJon H3-3a OCTaTOlfHO­

ro conpOTHBJieHHSI. Kor~a .)Ke 

j > jC, HalfHHaeTCSI reuepaU.HSI 

3Byxa (CnOHTaHHOe HCnyCKaHHe 

<J>ououos) no~o6uo TOMY, KaK 

B03HHKaeT y~apHaSI BOJIHa npH 

CBepX3BYKOBOM ABH.)KeHHH CaMO­

JieTa. JTO npHBOAHT K pe3KOMY 

yseJinlfeHHJO 3JieKTpoconpOTHB-

JieHHSI H HaKJIOHa BOJibT-aMnep­

HOH xapaxTepHCTHKH, KaK noKa3aHo ua puc.l. qTo6hl KOJIHlfecrseuuo 00&­
SICHHTb 3TOT 3<f><l>exT, CJieAyeT peWHTb KHHeTHlfeCKHe ypaBHeHHSI ~SI OAHO­

'IaCTHlJHOH <I>YHKLI.HH pacnpeAeJieHHSI 3JiexTpouos. B «HHTerpane CTOJIKHO­

seuuH:>> :no ro ypasneHHSI AOJI.)I(Hhl 6h1Tb YlfTeHhl ABa KOHKypupyJOI.U;HX npo­

u.ecca. 

llepBhiH npou.ecc Ha3hiBaeTCSI «YXOAOM». JTO nepeCKOK 3JieKTpoHa H3 

3anOJIHeHHOro COCTOSIHHSI C HMnyJibCOM p B JIJOOOe nyCTOe COCTOSIHHe C HM­

nyJibCOM p' 6JiaroAapS1 HCnycKaHHJO <J>ououa C HMnyJibCOM q= p- p' 
( W( q) - sepoSITHOCTb ucnycxauu.s~ B eAHHHU.Y speMeuu): 
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d3 I 

I =J_p_3W(q)l(p)[1-l(p')]d(e -e .-f!w ). (2.1) 
YXOA (2Jrh) P P Q 

Bropoii npo~ecc ua3biBaeTcsr <<npuxo,AOM». 3To nepecKOK 3JieKTpoHa H3 

JIJ06oro 33DOJIHeHHOro COCTOSIHHSI p' B 33,A3HHOe nyCTOe COCTOSIHHe p 6Jia­

ro,AapS1 ucnycKaHHIO !j>ououa c HMnyJibCOM-q: 

d3p' 
I = f--3 W(q) l(p') [1 - I(P) I d (e . - e - 11 w ). (2.2) 

npKXOA (2Jrh) p p Q 

B nesoii llaCTH KHHeTHllecKoro ypasueunsr3anucbiBaiOTCSI'IJieHbl, KOTO­

pble ODHCbiBaiOT H3MeHeHHSI liHCJia 3JieKTpoHOB 1(/.ry B ,AaHHOH TO liKe !j>a30-

BOro npocrpaHCTBa (/,rj H3-3a npocrpaHCTBeHHOI"O nepeMeW.eHHSI 3JieKTpo­

HOB (V. V /) H H3-3a yCKOpeHHSI 3JieKTpoHOB BO BHeWHeM 3JieKTpHlleCKOM 

-+ iJI 
none (e·E·~· B 3a.Aalle onpe,AeJieHHSI cra~uoHapHoro pa cnpe,AeneHHSI 

3JieKTpoHOB B DOCTOSIHHOM H O,AHOpo,AHOM BHeWHeM DOJie OCTaeTCSI TOJibKO 

BTopoii liJieH, TaK liTO KHHeTHllecKoe ypasHeHue HMeeT BH.A (np HHSITO E II z): 

E31_ =-I +I (2.3) 
iJp% YXOA npKXOA• 

li,JISI KOJIHlleCTBeHHOI"O peweHHSI 3TOI"O ypaBHeHHSI HeOOXO,AHMO KOHKpe­

TH3HpoBaTh CDeKTpbl 3JieKTpoHOB H !j>oHOHOB, a T3K)Ke 33BHCHMOCTb sepoSIT­

HOCTH CTOJIKHOBeHHH OT nepe,AaHHoro HMnyJI&ea q. Mbl npuMeM B .A3HHOH 

pa60Te H30TpoDHYIO MO,AeJib MeTaJIJia CO 3BYKOBbiM CDeKTpoM: 

ep = p2/2m, h wq = Uq, W = (q/2pF) W0 , eF = P;J 2m » UpF. (2.4) 

YliTeM, liTO 3JieKTpoHb1 B MeTaJIJie ecTh Bblpo)K,AeHHhiH !j>epMu-ra3. 

B c!j>epnllecKoii cucreMe KOOP.AHHaT (p z = p cos 0) 

31_ = 31_ p_ cos 0 + ~ .!_5!! 31_ v cos 0. (2.5) 
iJp iJe m iJ cos 0 p iJe F 

% p p 

ll,.nsr 3JieKTpoHOB MeTaJIJia no liTH se3,Ae I = 1 HJIH I = 0, KpoMe y3Koro 

CJIOSI BMH3H nosepxuocru <I>epMH, r.Ae 33BHCHMOCTh !j>yHK~HH pacnpe,Aene­

HHSI OT 3HepmH H3MHOI"O CHJibHee, lleM 33BHCHMOCTb OT H30p 3BJieHHSI. no 

3TOH )Ke npHliHHe MO)KHO H3DHC3Tb 

d3p' 
--3 = VF de d0/4rr, VF = mp/2Jr2ft3. 
(2.nh) p 

. B pe3yJI&TaTe nOCJie HHTerpuposaHHSI no 3Hepmu eP. (,AJISI Y.AOOcTBa 

onycKaeM HH,AeKC p', TO eCTb ep' -+ e') KHHeTHllecKOe ypaBHeHHe npHHHM3-

eT OKOHllaTeJibHbiH BH,A: 
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iJI -Ecos()-= 
iJ£ 

1 = 
4
.n {l(e, cos()) I drp d cos()' q(cos (),cos()' ,rp) [1- l(e - q, cos()')] -

[1 - l(e,cos())JI drpdcos()'q(cosO,cos()',rp)l(e + q,cos(J')}, (2.6) 

rAe 
q = Jt v'I - cos (} cos ()' - sin () sin ()' cos rp, 

a napaMeTp E nponopu,uouaneu uanpsl.lKeHHOCTH 3JieKTPH'IecKoro noJISI B 
npoBOAHHKe. 

3 . .li,HCKpeTH3aU,HSl OCHOBHhiX ypaBHeHHH H MeTOA peweHHSl 

06o3HalfHB cos() 1.1epe3 x, nepenumeM HCXOAHOe ypasueuue (2.6) B CJie-

AYIO~eM BHAe: 
a l~e,x) + S(e,x) l(e,x) = R(e,x), (3.1) 

rAe 
1 

1 :rt 

S(e, x) = 4.nxE I dx' I drpq(x,x' ,rp)[ 1-1 (e-q(x,x' ,rp),x') + 
-1 -1'{ 

+I (e + q(x,x' ,rp),x')) , 
1 1 :rt 

R(e ,x) = 4 E I dx' I drp q(x,x' ,rp) I ( e + q(x,x' ,rp),x'), 
.nx -1 -:rt 

q(x,x',rp) = /
17

1-(-1--x-x-,_----=;1=-=x=2,-/--=}=_=x='2=-co_s_rp_). (3.2) 

rpaHHlfHble YCJIOBHSI AJISII(e,x) HMeiOT CJieAyiO~HH BHA: 

liml(t,x) = 1, 
e-+-oo 

lim l(e,x) = 0. 
£-++oo 

(3.3) 

iJI(e,x) 
l-13BeCTHO aCHMDTOTH'IeCKOe llOBeAeHHe npoH3BOAHbiX -----a£ Ha 6eCKO-

He'IHOCTH: 
lim iJI(e,x) 

e-+-oo iJ£ = 0, 

lim iJI(e,x) 
t-++oo iJ£ = 0. (3.4) 

108 



.UJHI .o;HcxpeTH3aU,HH ypaBueuHH: (3.1)-(3.4) Bhl6epeM o6nacTh H3Me­
ueuHSI nepeMeuuoH: e[-emax;emaxl H ~a6op Y3JIOB {ek,k=l, N }, npH'leM 

e1 =-emax' eN=emax· 11HTerpaJihl no x' B (3.2) 3aMeHHM xBa.o;paTypaMH no 

xoue'lHOMY ua6opy y3JIOB {x 1 ,l= 1 ,M}: 
M :It 

S(e,x) = L W1 4;xE I dcp q(x,x1 ',cp) x 
1=1 -:JC 

X [l-f(e-q(x,x1',cp),x1') + !(e + q(x,x1',cp),x1') J, 
M :It 

~(e,x) = L W1 4n~E I dcp q(x,x1 ',cp) !(e+q(x,x1 ',cp) ,x 1 ')·· (3.5) 
1=1 -:JC 

06o3Ha'lHM/kl=f(ek,XI)' k=l,N, f=l,M. Jl,JISI BOCnOJIHeHHSI/(e,x) B OOJia­

CTH H3MeueHHSI nepeMeuuoH: e nocrpoHM xy6H'lecxHH: cDJiaH:u j(e,x) B y3nax 

{ek}. BBHAY Toro, 'ITO xy6n'lecxHH: cDJiaH:u HMeeT ,o;Be cTeneuu CBOOoAhi, .o;o-

onpe.o;eJIHM J(e,x) YCJIOBHSIMH Ha npoH3BO.D;HYIO Ka KOHU,a HHTepBaJia 

[ -emax;emax ): 

"~- -\ 

~=0 npu e=e oe I' 

;:/j{,.. v\ 

~ = 0 npH e=eN. (3.6) 

3aMeHSISI HHTerpHpoBaHHe no cp B (3.5) KBa,o;paTypaMH, Onpe,o;eJISleM 3Ha'le­

HHSI S(e,x), R(e,x) B y3Jiax .o;ByMepuoH: ceTKH {ek,x1} no 3Ha'leHHSIM <l:>yux-

U.HH f(e,x) B 3TOM X<e Haoope Y3JIOB, HCnOJib3YSI BBe,o;eHHhiH pauee xy6H'le-
" cxuH: cDJiaH:uf(e,x). Tor.o;a H3 (3.1) nony11aeM 

(3.7) 

r.o;e 

Jl,JISI pemeHHSI ypaBHeHHSI (3. 7) OTHOCHTeJibHO fkl HCnOJib3yeTCSI CJie,o;y­

IO.III;HH HTepaU,HOHHhiH npou,ecc. 0003Ha'lHM 3Ha'leHHe <I:>YHKll,lfH/(e,x) B y3-

JiaX CeTKH {ek,x!} Ha i-H: HTepaU,HH 'lepe3 tS'. no tS> Bhl'lHCJISIIOTCSI HH-
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Terpan:hl s~/, R~f . lh (3. 7) noJiy'laeM 'cooTHOmenne na npoH3BOAHYlO H 

$yHKU,HlO AJI51 (i+ 1) -H HTepaU,HH: 

at<i+ I) 
g__ + s<Ot(i+l) = R(l) k- 1 N L- 1M (3 8) 
iJe kl kl kl ' - ' ' - ' • • 

COOTnomenue (3.3), annpoKCHMHposannoe s CJieAyJO~eM BRAe : 

fkl = 1 npu k = 1, 

fkl = 0 npu k = N, 

H ypasnenue (3.8) D03BOJ151lOT OAH03Ha'IHO DOCTpoHTb Ky6H'IeCKHH CDJiaHH 
(i+ 1) -ro n pn6JIH.ll<eHH51. 

Jthepau,uonnhlif npou,ecc 3aKaH'IHBaeTc51, KOrAa neB513Ka ypasnenu51 
(3. 7) CTanoBHTCSI Menhme nanepeA 3aAannoro 'IHCJia ~ . B Ka'lecTBe na'lan:b­

noro npu6JIH.ll<eHH51 AJI51 HTepau,uonnoro npou,ecca 6pan:acb $ynKU.H51 

f(o)(e,x) = --f 
t-I·-

e +1 

4. P e3yJibTaThl 'IHCJiennoro MOAeJiuposaHHSI 

Ha puc.2-5 npuseAeHhl !I>YHKU.HH, paccl.IHTannhle npu pa3JIH'IHhiX 
3Ha'leHH51X napaMeTpa E na pasnoMepnol1 ceTKe no nepeMennoif e . 

f 
1.50 

x=0.2 

1.00 

0 .50 

0.00 

- · ·.50 

-1 .00 l························iiill(liliiiiifliliiiiifftlliiiiifil 
-3.00 -2.00 -1 .00 0.00 1.00 2.00 3.00 

£. 

P11c.2. E = 0,1 
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f 
1.50 

X=0,2 

1.00 

X=1 

0.50 X=-1 

-0.00 

-Q. 50 -trnTirrn"TTTTTTT'TT'nTirrnTTTTTTTTT"rTTI'T"M"I"T'TTTT"I"TT"I'T'T"',...,,...,.., 

-30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 
[, 

P11c.J. E =I 

f 
1.50 

x=012 

1.00 

0.50 x=-1 

-0.00 

-0.50 IiI I I I If IiI iII I I I I I I I I I I If I I I I I I I I I I I I I 
-200.00 -100.00 0.00 100.00 200.00 

[, 

P11c.4. E = 8 

PaclleThl nposo~HJIHCb Ha PC AT -386. BpeM51 paclleTa o~Horo sapuaHTa 

JJ..Il51 pa3MepHOCTH 3a~aqu N = 101, M = 21 cocrasJHl.IIO lO- 15 MHH. 

B Ta6Jiu~e 1 npuse~eHo cpasHeHue Bhi'IHCJieHHhiX <PYHK~Hii s 3asucu-

MOCTH OT mara pa36HeHH51 Ha pasHOMepHoii cerKe. AHaJIH3HPYSl pe3yJibTaThl 
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f 
1.50 

E=1 
1.00 

0. 50 

-0.00 

-Q. 5Q 1 I I I I I I I I IiI iII I I IiI I I I I I I I I I I I I I I I I I I IiI I I I IiI IiI I 

- 5(..00 -30.00 -10.00 10.00 30.00 50.00 
£ 

Puc.5. x =-I 

Ta6JIH~a I. 3Ha'ICHHII lj>yHKI.{HH /( E, X) H TOKa j 8 3aBHCHMOCTH 0T mara CCTKH 

• fh- fh/2 . 
no nepeMeHHOH e. a= , _ /; f(e, x),J(E) npu x = I, E = I 

h/2 h/4 

h= 0,8 h/2 h/4 (] 

E = -8 0,999147 0,997200 0,998609 3,8468 

E = -4 0,988170 0,984128 0,983141 4,0952 

e=O 0,782367 0,753937 0,747165 4,2129 

e=4 0,125817 0,142192 0,146341 3,9467 

E = 8 1,20209E--Q2 1,42375E--Q2 1,48589E--Q2 3,5671 

j 0,564651 0,532269 0,524170 3,9983 

paC4CTOB, M O)KHO C~eJiaTh BhiBO~ 0 HaJIH4HH CXO~HMOCTH 2-ro llOP.siJJ.Ka ~JI.II 

ceT04Horo p emeHH.II. 

Jl,JI.II YBCJIH4CHH.II CKOpocTH CXO~HMOCTH HTepaiJ;HOHHOI'O npou;ecca HC-

ll0Jih30BaJIHCh HepaBHOMepHbiC CCTKH no nepeMCHHOH £ CO CryW:CHHCM y3-

JIOB B 06JiaCTH CHJihHOI'O H3MCHCHH.II <jJyHKIJ;HH. 

B <jJH3H4eCKHX npHJIO)KCHH.IIX 6oJihmoH: HHTepec Bhl3hiBaiOT 3Ha4eHH.II 

HaBe~eHHOI'O TOKa j B llpoBO~HHKe: 

l I +oo 

j = 2 I dx I de xf(e,x). 
-1 -oo 

(4.1) 
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. 
J 

-4.00 

J.OO -

/ 
/ 

2.00 

1.00 -

0.00 -h-TTTTTTTTTTTTTTTTTT"l"T"'-rTI Tf lf ,.,...,.T"lT"f"TTTTTl1"f T 1 T'"f"'T1 

0.00 2.00 -4 .00 l'o 00 8 .00 10.00 

E 

P11c.6 

j 
O.J2 

0.28 

0.2-4 

0.20 

0 .16 

0. 12 

P11c.1 
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J.1cnOJib3YSI yCJJOBHSI (3.3)- (3.4), npoHHTerpHpOBaB n pa3 no 4aCTSIM 

no ncpeMeHHOH E, noJiy4aeM AJISI TOKa j CJJeAyiOIIJ,ee Bblpa)KeHHe: 

1 
I +oo · J 11 n J = 2 dx f de X:._ d l(e,x) 

-1 -oo n! dEn 
(4.2) 

B pe3yJJ hTaTe peweHHSI HeJJHneifnoif 3aAa4H no 3asepwen1111 HTepai.J,H­

onnoro npou.ecca Mbl 3HaeM KaK 3Ha4eHHSI <PYHKU.HH l(e,x), TaK 11 3Ha4eHHSI 

BTOpbiX npo113BOAHbiX. 00:3TOMY AJISI Bbi4HCJieHHSI TOKa j 11CllOJib30BaJiaCb 

<f>opMyJJa (4 .2) np11 n=2. 
Ha p11c .6, 7 npHBeAeHbl rpa<f>HKH 3aBHCHMOCTH TOKa jOT nanpSI)Kenno­

cTH :JJJCKTpH4eCKoro noJJSI E. 

5 . BbiR OAbl 

TaKHM o6pa3oM, 4HCJJennoe pewen11e KHHeTH4ecKoro ypasnenHSI 

(3. 1 )-(3.2) nOKa3hiBaeT, 'ITO, B OTJII14He OT peweHHSI 3TOro ypasHeHHSI B 

npH6JJH)KeHHH spcMeHH peJJaKcai.J,HH (2), BHA <f>ynKI.J,HH pacnpeAeJJeHHSI I 
CJJO)I(HbiM o6pa30M 3aBHCHT OT BeJJH4HHhl 3JieKTPH4eCKoro noJISI. Pnc.2-4 

AeMOHCTPH PYIOT, 'ITO wupuna <f>ynKU.HH I 3aBHCHT ne TOJJbKO OT BeJJH4HHbl 

nOJJSI £ (p11C.5), HO H OT HanpaBJJeHHSI HMnyJibca 3JieKTpoHa. JTO OCOOeHHO 

HarJJ IIAHO HJIJIIOCTpHpyiOT pHC.8,9, rAe Mbl BHAHM, 4TO nosepXHOCTb <l>epMH 

Py 
2.00 .1 

.J 
j 

0.00 l 
3 

- 1.00 j 
f(P~ . Py) = 1/ 2 

- 2.00 ..j 

~ 
:j 

- J .QQ .-iII I I I I IiI I I I I I I I I 1 I j I I I I ITt'" I I j I I I I I I I I 1, • • • • • •, 'I 

-300 -2.00 -1 .00 000 1.00 2.00 
Px 

PHc.8. E = 0,2 
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Py 
•oo l 
2.00 i 

:1 

0.00 ~ 
J 
j 

-2.00 ~ 
3 

-4.00 ~ 
~ 

f(Px, Py) ~ 1/2 

-6.QQ _"'!I ill illllfii II ill II jill I IIIII jll II IIIII j II 1 i 11 r iij 

-6 00 -4.00 -2.00 0.00 2.00 4.00 
Px 

P~o~c.9. E = 2 

1 . . 
COCT01IHH11 C TOKOM f(px,p)='i CHJibHO 3aBHCHT OT COS(). HarrOMHHM, 'I.TO B 

rrpu6JIH)f(eHHH speMeHH peJiaxcau;uu 3Ta rrosepxHOCTb HMeeT BHA c<t>ephl, 

CABHHYTOH B HarrpasJieHHH ::mexTputJ.ecxoro IIOJI11. 

Ha puc.6, 7 rrpeAcrasJieHhl pe3yJihTaThl pactJ.eTa BOJibT-aMrrepHolf xa­

paxTepucTHKH. Mhl BHAHM, tJ.TO rrpu OOJibWHX rrOJI1IX TOK JIHHCHHO pacTeT c 

YBeJIHtJ.eHHeM IIOJI11 B COOTBeTCTBHH C 3aKOHOM 0Ma, HO IIpH MaJibiX IIOJISlX 

(£ < 0, 1 B 6e3pa3MepHhiX eAHJIHI.J;aX) OOHapy)f(HBaeTC11 pe3Ka11 HeJIHHeHHOCTb. 

K CO)f(aJieHHIO, rrpu E < 0,01 B03HHKaiOT tJ.HCJieHHhle HeycTOHtJ.HBOCTH rrpu 

BhltJ.HCJieHHH HaBell,eHHOI"O TOKa, H Mhl He CMOrJIH IIOJIYtJ.HTb KOpHeBOH 3a­

BHCHMOCTH j - IE, KOTopaR CJieAyeT H3 aHaJIHTHtJ.ecxux ou;eH oK. 3aMeTHM, 

'I.TO <l>opMyJia (4.1) OIIHChiBaeT tJ.aCTb TOKa, HaBell,eHHOI"O IIOJieM. llOJIHbiH 

TOK, KOTOphiH CJiell,yeT cpaBHHBaTb C 3KCIIepHMeHTOM, eCTb j
101 

= env d + j. 

l. EoroA IO.A. H AP· - <l>H3HKa HH3KHX TeMrrepaTyp, 198 2, T.8, N!1 1, 

c.107-110. 

2. EoroAIO.A.- <l>H3HKa HH3KHX TeMrrepaTyp, 1982,T.8, N!18,c.787-

829. 

Pyxorrucb rrOCTyrrHJia 25 HOR6pR 1992 roll,a. 
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