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LEVEL DENSITY FLUCTUATIONS
IN THE 1D HEISENBERG MODEL!

V.LInozemtsev, V.R.Manfredi?, L.Salasnich®
Spectral statistics are applied to study leve! density fluctuations in the
§ = 1/2 quantum spin chains on a finite lattice under periodic boundary
conditions. The use of P(s) and A; statistical measures for selecting integrable
cases of spin exchange interaction is discussed.
The investigation has been performed at the Laboratory of Theoretical Phy-
sics, JINR and Universita di Padova, laly.

O baykTyaunsx nIOTHOCTH PACTIPEaENICHNAS YPOBHEH
B opHoMepHO# Monenn [elizenGepra

B.U.Uno3zemues, B.P.Maud:penuz, JI.Canaznuv®

B pa6ote nm3ywalotcs CTaTUCTHYECKHE CBONCTBA UIYKTYRLHI nAOTHOCTH
YPOBHE#H KBAHTOBRIX CHCTEM chiunoB | /2 na koieunoit pewertke. O6cyxaaerca
BO3MOXXHOCTb NPMMEHEHHS P(s) n Az-pacnpeneneHMi ANR HecaeloBatuy son-
POca 06 MHTErPUPYEMOCTH 3THX CUCTEM ANA PAIMuHbLIX dopM oOMEHHOro
B3aMMOREHCTBHN.

PaGota ebinonnena B JlaGopatopuu Teopernueckoit pusuxn OUSIH u &
Yuusepcurerte INanys, Utanns.

1. Introduction

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 §1 ] that the most distinct sign of complete integrability is the exist-
cnce of an appropriate set {/_ } 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 yel been proved.

'This work has been partially supported by the Ministero dell’Universita e della Ricerca

Scienufnca e Tecnologica (MURSTY).

Dlparumemo di Fisica dell"Universita di Padova and INFN Sezione di Padova, 35131 Pa-
dova, llaly (permanent adress) and Interdisciptinary Laboratory, SISSA, Trieste

Dipammemo di Fisica dell’Universita di Firenze and INFN Sezione di Firenze, 50125
Firenze, laly
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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 {/  }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 }. 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 ].

In quantum mechanics one cannot apply the classical concepts and met-
hods directly since the notion of trajectory is absent. Neverthcless, 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 [4—0 . Many schematic models [7—9 | 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 bechavior
agree with the predictions of random matrix theory; by contrast, quantum
analogs of classically integrable systems display the characteristics of Pois-
son distribution.

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

1a this note we attempt to investigate the quantum Hciscnberg chains of
S = 1/2 spins on a finite 1 D lattice by using two kinds of statistics, the nca-
rest-neighbor spacing distribution P(s) and the measure of spectral rigidity
A4(L). Unlike previous studies {7—91, therc is no classical counterpart of
thesc systems at a fixed value of the spin. Hence they also cnable us to check
the universality of quantum criterium mentioned above which has a suffi-
ciently strong analytic support only in the semiclassical limit [10].

However, as discussed in great detail in reference 11 ] therc arc some
deviations for large values of L, in particular for A,(L). These are related to

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

departures has becn developed by Berry [11 ], on the basis of Gutzwiller’s
periodic orbit theory {12 }. It not only gives the same results as the statistical
theories for L << L ., butalso predicts the correct asymptotic behaviour for

L>>L_. . where random matrix theories fail. For the spectral rigidity
A4(L) the semiclassical theory predicts asymplotic saturation both in the
regular and in the chaotic region.



2. The [ntegrability Prolbem
for the 1D Heisenberg Model

The magnetic properties of solids have long been studied by using the
lattice hamiltonian [13}
N
Hs=_z h(}-[)[sjsl—z], 40
<G>

where S‘; = % &’j is 2x2 matrix of the spin operator located at a site j, the sum

runs over all pairs of sites <j,/ > and the strength of spin interaction is given
by exchange integrals {h(j)}. The set {A())} 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+ o,

The operators can be treated as 2 x 2" hermitian matrices with a com-
plicated structure defined by {4(/)}. The investigation of the possibilities of
their analytical diagonalization began with H.Bethe's seminal paper [14)
devoted to the cigenproblem for hamiltonian (1) in the case of nearest-
neighbor spin interaction,

h(l):"[‘sljt,l +6|j|,N—l]' @

The solution can be descibed as follows. Let 10 > be a ferromagnetic
ground state with all spins aligned along z-axis,

NN
10>=@ (0) .
=t \Y;

The whole space of the spin lattice states with the dimension 2Vis easily
divided into subspaces {QM} with basis vectors In,...n, > of the form

M
in...ny,>= [ll—_ll s;l] 10>, 3)

where s; =85, isky turns kth spindownand 1 < n<n,..<n <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),



n.n “4)

p)= 2(1/' ("I‘:‘"M) M2

<
ny<hy <y

According to Bethe's empirica! guess, the functions y ("l"'"M) are gi-

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

M
exp|i 2 k/"/' . It shows that in this particular case there is no diffraction
j=1
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(j) =-’[‘Sm.l"'‘5|j|,/v—|""l (aljl,2+6ljl,N—2)] 5

at arbitrary values of the coupling A. 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 obecys
Yang — Baxter equations {15 ] but it does not guarantee the absence of dif-
fraction if the number of interacting spin waves exceeds two. So far no ex-
plicit solution has been found even in the M = 3 sector at a certain nonzero
value of A, neither has it been possible to construct examples of integrals of
motion. The instability of properties of tke ground state under variations of
A found numerically in [17] would tend rather to indicate the nonintegra-
bility of the model.

Anocther way to overcome the restriction to nearest-neighbor exchange
(2) is connected with the remarkable analogy between y (n] '""M) in (4) for

the Bethe case and wave functions of the M-particle problem on a continuous
tine 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) ~gp, _ (x), whereg, — is
r “ (e
the Weicrstrass eliiptic function with two periods w, and i w, (wl yw,y € R) ,

/

9



n
= X
2 )
-2
muw,
-2 2 sinh |7 — . 6
m=0 o)

It has been proposed that precisely the same form of spin exchange
leads to integrable models on a 1D lattice if the real period of the g function
coincides with the nuraber of lattice sites (201,

) =10y, 0, ) M

Asw, > 0, it gives the nearest-neighbor exchange (2) after proper re-

normalization of the coupling J. The complete commutative ring of integrals
of motion has not yet been constructed, bit there are some examples of
thesc operators,
N
1(@) = > /jkf“fl’. (s,. Xs, % sl),
jr k=l

N
AC) =j#k§m[ tSilimmi * Fim ucfufo] (57 )(slsm)
N
' 21§/¢ (/u) 2 ()
where fﬂ(a) = a—g%—[_—-;)—a)exp [- (j - I) 'Y (a)],a is an arbitrary para-

meter and the Weierstrass functions {(x), o(x) are expressed through g(x) as
X X
t@W=x'+{ [x_2—p (x)] dx, o(x) = xexp | f (C(x) - x—') dx|.
0 o

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 mosl important case of finite
N and w, has not yet been found.

To conclude this section, it is worth noting that a statement such as «the
quanium system is integrable» can be confirmed, at least in principle, by
direct analytic construction of integrals of motion. The contrary statement
evidently r:-.-ds other criterium for its verification. If the concept of «quan-
tum chaos» 1s 10 some extent universal, it is natural to expect that discrete

10



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 consumption of
compuler time and obtain a reasonable number of levels for statistical ana-
lysis, we chose for numerical procedures the M = 6 sector of the model on
the lattice with 12 sites. The total number of basis vectors (3) in the case is

C?z = 924, The action of the hamiltonian (}) on these vectors is given by

M
H [n.ny=| ¥ h(n}-—nk) M 2 AGY| {njony) +
j=k j=1

i Mz

h(”s—k) 'nl...ns_lknﬁl...nM). @

o, 5=1

N

+ 2
k#nl. »
The matrices with elements detcrmined by (8) have been diagonalized
numerically by a standard routine [22 ). Most of their eigenvalues are doub-
le degenerated due to left-right symmetry in spreading spin excitations over

g - ] ' . :
Q b
if 1!
i 8f
i
1 4.2
: ]
i 1 I8f
) s
G 1 3
| |
it
)
a L
LY s. 0. " %u u:: - -
. . 20, )
ey fnu) i Eneray (ot

Fig.1. The density of levels- (a) before (b) after the unfolding procedure for nearest-neighbor
exchange (2)

11



the lattice. In fact, it is easy to show
that if ly ) is an eigenvector of the
hamiltonian (1) of the type (4) with
some {w ("l"'"M)]’ then Iy)=

=3 v (F!'l...EM) X
I's nl...nMsN

X 1np..ny) n=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-
tion of their structure. An equiva-
lent procedure for obtaining the
specira with removed symmetry con-
sists of elimin~*‘ng one clement of
each pair of coinciding eigenvalues
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.1a) for all three forms of spin
interaction used in our calculations.
By performing the unfolding proce-
dure descibed in detail in ref. {21},
each spectrum has been mapped into
one with the quasiuniform level den-
sity (Fig.1b).

The nearest-neighbor spacings
were calculated and histogrammed
in units of mean spacing so as to
show the P(s) distribution for s < 4

Fig.2. The histograms of nearest-neighbor le-
vel spacings P(s): (a) the Bethe case (2); (b)
the elliptic exchange (7), w, = x (¢} the case
of nearest and next-neares! spin interaction (6)
at A = —). The solid lines correspond to the
Poisson distribution normalized by the first
bins.
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¢Fig.2). As can be seen, there are
large fluctuations around the
Poissonian line, P(s)=
= Aexp(—s), A being determined
by the first bin, for both integrable
cases (a—b). In the last example
(2¢), where the coupling was chosen
so as (0 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
show some lack of events near s = 0
was not performed. It is clear, how-
ever, that the daia are not consistent
cither 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 A,(L) (the

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

In cases (a—b) the data display
behavior intermediate between the

1
Poisson distribution 5L and GOE
predictions (Fig.3a—b). Within the
interval 6 < L < Il the A;(L) values

of the integrable cases are closer to
the Poisson line than to the GOE
one. In the whole range of L 2 6 they

Fig.3. The spectral rigidity A;(L) for the same
three cases as in Fig.2. The solid and dashed
lines show the Poisson and GOE distributions
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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 1o be more con-
sistent with GOE than with the Poisson form of the A,(L) measure.

4. Discussion

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 guantal nature. A certain classical analog, of course, can be const-

ructed in the limit § + o by replacing quantum operators {S( Sz)"”z} by
the vectors on unit sphere as was done in [23 ] for two-spin system but the
treatment of higher spins may lead to the foss of integrability. Second, even
in ciassical mechanics there are examples demonstrating the ambiguities of
numerical analysis. More than ten years ago the authors of ref. [24 ], 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 thiee-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 A,(L) behavior was reported

earlier in the paper (8 | 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 ].

In conclusion, we should mention that our resulis do not indicate a
sharp transition from the «regulam to «chaotic» regime under variations of
the form of exchange interaction in a spin lattice mode?. The tendency to the
GOE statistics can be seen in the case (4) atA = —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 tc Mr.Salmaso for his computational
assistance.
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TETJIOTIEPEHOC B TOHKMX IJIEHKAX
C HEJIMHEHHBIMM CBOMCTBAMM

JI.A.Ysaposa*, B.K.Qengaun

HccnenyeTcs, kax BIMRET HEJIMHEHHOCTb TEMITEPATYPht Ha PAcnpoOCTpaHe-
HUE DJIEKTPOMATHHTHOM BOJIHBI B TOHKOH AMIACKTPHUECKON TLIEHKE C HEJn-
HeHHbIMM CBOMCTBAMM. KOHKPETHO, HCCNIEAYETCH BaBHCHMOCTb TEMITEPATY PHO-
70 MPOMRS OT MOMHOCTH NOTOKA 3MeKTpoMarkmTHol Bomwbl P : T(P ).
IIpeanoaaragTca HEAMHEHAHAS 3ABHCUMOCTD OT NOA AUBSIEKTPUYECKOHA MPOHN-
uaemocTH reHkm e(w/ E), a xoadhduumenT noromenmns Geperca Takxe 8 He-
JIMHEAHOM BHAE & = K, + xlT +x, 72 OCHOBHBIM PE3Y.ISTATOM, [TOJTYHEHHBIM

B pa6oTe, ABRSETCA BHIBYO/, YTO MPH CYIUECTBEHHO PAXTHYHOM 3HAYEHWH NOTO-
KOB DHEPrUyU Pm (m = 1,2,3,...) TeMneparypa B UEHTPE IVICHKHU HE MEHSIETCH.

Pa6ora svmonnena g JlaGoparopum teopetrueckoit dusncn OUAN.

Heat Transfer through Thin Films with Nonlinear Properties

L.A.Uvarova®*, V.K.Fedyanin

The influence of the nonl rity 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_: T(P ), is studied. The nonlinear

dependence on the field of dielectric penetrability of the fllm £(w/E) is assumed,
and the absorption coefficient is also taken in the nonlinear form
K=K+ xlT + x|T2. The main result of the paper is the conclusion that at

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

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

Physics, JINR.

B Hacrosiuee BpeMs GOJBLIOE YKC/IO TEOPETHUECKHX M IKCHEPHMEH-
TanbHKX paGor MOCBAEHO BOMPOCAM PACMPOCTPAHEHHS HEIMHEHHHX IIO-
BEPXHOCTHRIX BOJIH B CIOMCTHX CTPYKTypax [1]. B uactaocrv, pas takux
BOJIH XapaKTEpHA HEOAHO3HAYHASA 3aBUCHMOCTb (PEKTHBHONO BOJHOBOIO
4HCAa 0T HOTOKA ANEKTPOMATHHTHOM SHEPIMM P, UTO MOeT GHITb HCNO/b~

*TBepckOi NOANTEXHUMECKMEI UECTUTYT
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30BaHO B Pa3/IMYHBIX HENMHEHHBIX OmTHYeckux mpubopax. Bmecte ¢ Tem
cTaGuIpHOCTh PabOTH BCAKONO MpHOOPA 3aBHCHT OT MHOTMX HNapaMeTpos. B
YAaCTHOCTH, Npuopsl, paboTaloumme Ha XHAKMX KPUCTALIAX, YACTO HMEIOT
HeGoabwoi pabounii Ananasod no Temneparype. B Hacrosmeii pabore BhI-
ABJSIOTCH TEMIEpPAaTYPHHE 3aBUCHMOCTH T(P), MMeomue MECTO B TOHKHX
IUIEHKAX, HaNpPAB/AIOWMX HEJIMHEHHBE NOBEPXHOCTHHE BOJTHBL.
PaccMoTpuM TOHKYI0 CraboONOMoWAIIYI0 TJIEHKY TOMHIMHOK d
(—d/2 < z < d/?). Byaem mpeanonaratb, YTO BEJMUMHA TNOIVIOLIEHHOM
JHEPruM B TaKO# FUIEHKE paBHa kP, rae £ — KO3pGUUHMEHT NOrOIIEHHUS Be-
LeCTBa ILieKKu, P = P/ M2, a P paccuutaiBaercs coriacHo [1 ] m3asucur ot
THNA MONSPH3ALMH OBEPXHOCTHOM BOJIHM, COOTHOWIEHAA MEXAY § U LN~
JEKTPHYECKOH NMPOHHLIAEMOCTDIO BEIIECTBA ILVIEHKH £; € MOXET 3aBHCETh OT
INEKTPUYECKOrO BekTopa. Byaem annpokcHMHMpoBarb 3aBHCHMOCT™b KO-
duumMenTa NOMMOEHKSA OT TEMIIEPATYPh KBAAPATHHHON 3aBNCUMOCTBIO

_ 2
k =Kyt ik T+, T )
TemnepaTypHbiii npoduib B YCTaHOBHBINEMCS peXHMe MoxeT ObiTb
HaMAEH M3 CTAMOHAPHOTO Y PABHECHUS TEILTONPOBOAHOCTH
2
d°T

y4 "'—2 = Kp, (2)

dz

TAC ¥ — KOIPUUMCHT TENIOMPOBOZHOCTH BCLIECTBA IUICHKH. B Kauecte
KpaeBbiX YCJ0BHH GyneM paccMaTpHBaTh YC/IOBHS NEPBOIO H BTOPOTO poaa

d L, dT . d.
1. T(x 2 =Ty 2, & (x E) =0. Q)

HUnrerpupysa (1)—(2), noayuum ([2]):
T=1t, - (T, = Ty s’z k), “

6x v k2=’|_T2
) 1~ 13

rae sn(x, k) — dydkuus Sdxkobu, s = (m T — T
Ts < T2 =T, Tl, Tz, Ts — KOPHH YpaBHEHHS

k1 3 2
P32y 0 30 g )
2 «, K, Ky

C — NocToOAHHAA HHTETPHPOBAHMA.
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Hcnonbays Teopemy Buera u xpaesnie ycnopna (3,1), nosyuuM creny-
0Ly CHCTEMY And onpeaenenud T, T, T_.,, C.

[T¥]

3k, K,
T, +T,+T,= %, T\T,+ T\T, + T,T, =%,

3C% .20
P - T\TyTy To =T, = (T, = Tyj sa’5, k),
T - T
s= | Tﬁx » T — T . 6)
K, P(
T, Ik, 1
Bsenem GespasmepHible  BEIHYHHE 6}. = —T—o, j=1,2,3, Y, = ;27;,
K,
Yo = 2 , (nonaras, :ro T # 0). M3 cucremut (6), a Takxe u3 ycnopui
®2%0

61 >1, 922 >0, 63 >0, 62 < 81 HaMOEeM, YTO €CJIM BRIMOJHCHR HEPABEH-
crea 2 \/y_o <y, =1 +y,, TO MOryT peann3oBaThCH PelIeHHd, YAOBICTBO-
NAIOWHE HEPABEHCTBY
_4Z9 vy

2]

2
NN 7y
l<el<7-—(-4—_yo)‘/157[(1 -Q -

Ecan xe sunonkenn ycnosus: 1) v, < 1/3 nnu Yp 2 3 ¥ oaHOBpEMEHHO
vpzl+yy: 2 %—< Yo<3my, 2 %v"’%, To Geapasmepuas Temneparypa

©, Byner Gonbwme, uem '3'71 + (-1—93 yf - 3y0)'/‘. Ipu srom GeapasmepHas
Temnepatypa Gyner onpenenstbed dopmyaoit

3

3
1 +(16”1 ry

_3 2 v,
8, =37 o} + 31,0, - )" @

Nycts T, = T,, Torma 92 = 1. B arom ciyuae u3 (7) Hailigem TeMnepatypy
6 .
¥

3 3
THIn - I -Pn ®



Temnepatypa 83, B CBOi0 OYepeNb, PaBHA

6, = 3, - 1-8 9
2" 1

U3 ycnosus 8, >0 K BHpaxeHHs (8) nosyuuM, UTO AOJIXHH BHMOJ-
HATbCA HepaBencTsa | + y, <y, <2wm 7, > 2, y,< 1. U3 ycrosus ©, > 0
¥ BHpaxeHuii (8)—(9) HaiiaeM, uTO KOMXHO GHTH CIpaBENIMBRIM T2KXE
Hepanenc'rno% 7 < % + 2y, pusKMas BO BHHMAHHE HEPABEHCTBA, NPUBE-
HEeHHHE BHINE, NOJYYHM, YTO NaPAMETPH Yo M ¥, AOJKHH yAOBJIETBOPATDL

YCIIOBHSM:

2 1
\/3%< 3+2'y°, §<yo<l.

(TN

TIpyu HANOXEHHOM YCJIOBHHM HA rPAHMIAX TUICHKH NMOJIYyYHM
snz(-%, k) =1 (10
Pemas ypasuenne (10), nonyuuM 3aBHCHMOCTh IUIOTHOCTH MOTOKA
3Heprun P OT TEMNEpaTypH B LEHTPE IIEHKH © 1To Taxas aasucumocTb Gy-
AEeT HMETL BHJ
24xK2(k)(l + 2m)
k,To(8, - ©,)

(1)

e -1
rae k = 8 e l —3 2 , K(k) — nonHHi 3/ HNTHYECKHI nHTEerpaa Jle-
XaHap4 nepsoro pona, m = 0,1,2,... Temnepatypu el, 93 onpenensiorTcs

napaMerpaMu 3aaaum cornacHo opmynam (8)-(9). CaenoBaTenbHO, OQHO M
TO Xe 3HAUYCHUE TEMIEPATYPH MOXET COOTBETCTBOBATh PAa3/IMYHNM 3HAUE-
KEHMSM IUIOTHOCTH NOTOKa 3Heprav. Takum oBpaaoM, yseanuenne B onpene-
JIEHHOH NPONOPUMM NOTOKA SHEPTHM P HE NPHBONHT K H3IMEHEHMIO MaKCH-
MaJIbHOM TEMIEpaTy phl el T, cnouctoit cucremyl. Takoil BHBOA (HAOXEHHE

ycnosua T, = To He BJHSET Ha ero obIMHOCTL) ABNAETCA CYMECTBEHHHM

MPH BCECTOPOHHEM PACCMOTPEHUHM CTAOMJIbHOCTH HETHHEHBLIX CBOHCTB NO-
AobHuIX cucreM. Bmecte ¢ TeM B ciydae T, = T, (10 ecTo npu & = 1) uMeer

MeCTO HelMaronpusATHHI B NAHHOM CMBICAE TewtoBoit pexuM. HeiicTen-
TEJNbHO, B 3TOM CJIy4yae BMECTO MEPHOAMUECKOro pemenus (§) nonyuyum co-
JIMTOHHOE pemeHue
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(12)

rae

IMocse noacranoskd (12) B rpaHHYHEE yCa0BHS (3) MOJYYnM Clenyio-
miee BHpaxeHue ang P

1 7]
S . TS ) el
F-= &T, = T, arcch [To — Tz} . (13

H3 (13) caegyeT MOHOTOHHAS 3aBUCHMOCTS NIOTOKA SHEPTHH OT TO'

PaccMOTpHIM KpaeBHe YCJIOBHS TEITOM3oaauun macHkn (4). B ostom
C/Iyuae nocJie MOACTAHOBKH (5) B yKa3aHHHE KPAEBHE YCIOBUA MOLYYHM

s, B) enls, k) dn (5, &) = 0, (14)

rae sn(x,k), cn(x,k), dn(x,k) — snnunrtayeckne dynxiun Axobn. Bean-
YMHN T2 H T3 MOryT GHTb ONpPeAeNeHN KAk (DYHKIUMH TEMOEPATY P T, n3

NIEPBHX ABYX yCIOBHH cucTeMH (6):

2
3k, T [3“6 | T 3k
= LI 1 Ly 20
T= "5 Tt | a 2} : a1s)

2L

WUs ycnosus (14) (yunmtusas, uto dn(x, k) # 0) noayuymm saBHCH-

mocTs P(T):
-7
=T,
. (16)

2
d¥, (T, - T,)

24m*;-K*

F=

TaxuM ofpasoM, onpenesus MHUHWMarnHoe 3Havenne P ,=P(m=1)=P,
no naubonee ONTHMANBHOMY 3HAYEHHIO TEMNEPAaTYPH T, MOXHO B Jaib-
HelimeM nonyunThb corstacHo opmyJie (16) nabop snauenus P= (7’2,7’3,. ),
KOTOPHE HE NPUBERYT K M3MEHEHHIO MAKCHMAIbHOI Temnepatypu T, . Yro
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Kacaercs CoMMTOHHOrO pemieHns (12), To 0HO He yIOOBJETBOPIET KPaeBbHIM
YCAOBHUAM HACANIBHON TEILTOH3ONALMH MTPH KOHEYHOH TOJIMMHE IUIEHKH.

B pa6ore [1 ] npueeneno 6oaploe YMC/I0 3aBUCHMOCTEN IOTOKA JHEPTHH
oT 3h(eKTHBHOIO BOJIHOBOTO YHCJA /A PA3JNUHBIX PEAJBHHX CIOMCTHIX
CcTPYKTYP. Tak, HanpuMep, B CHCTEME «TTOIVIOXKKA» (§) — IUICHKA (/) — om-
THYECKH HEJMHEHHHI camodoKycHpYIOmMMIt NOKPOBHHI CNO# (), xapak-
Tepusyiomuiics NokasaTeasMn npeaomneHss n, = n = 1,55, ne= 1,57,
peanusyorcs TE-nonspu3oBaHHHE HEJHHEHHBIC NOBEPXHOCTHHIE BOJIHbI.
Ilpn pacuere npeanoaarasoch TaKXe, YTO IIMHA JJEKTPOMATHHTHOH
BoaHH A = 0,515 MxM (1a3ep Ha WoHAx aprona), orHomeHue dfA = 6,
a [Js ONTHYECKH HEJIMHEHHOIO NOKPHTHS chpaeemins 3akon Keppa

L 22 1 >
n=n_+ 7€ € | E1® (rme nokanpHags MHTEHCHMBHOCTE [ = 3¢ EOIEI , € —

-
CKOPOCTD CBETA, £, — QUINEXTPIIYECKAS NOCTOSHAASL, E — 2JIeKTPHYECKHil

2
-9 M
BEKTOP), N, = 1079 2, Torna, ncnoab3ys 3aBECUMOCTb P(8) u nonaras

Bm
P, = GO—Bﬁ, HahaeM, uTO JaHHOMY 3HAYEHHIO NMOTOKA SHEprumM Oynyr co-
OTBETCTBOBATh [BA 3(MDEKTMBHBX BOHOBHIX YAcna And TE-BONH, 2 UMEH-
Ho B, =1,569 n B, =1,57. lonaras B dopmyne (16) m = 3, Haiinem
753 = %Fz = 135%. JaHHOMY 3HAUYEHMIO MOLIHOCTH GYAyT COOTBETCTBO-
BaTh BOJHOBHE YHC/IA ﬁl = 1,569 n ,62 = 1,5695. Takum oBpa3om, ABa Ka-

YEeCTBEHHO MAEHTHYHHIX PEXHUMA PaGOTH MPH CYIIECTBEHHOM PAa3IMUMH AJIS
3Ha4YeHHUH IOTOKOB PHEPrMH HE NPHBOAAT K H3IMEHCHHMIO TEMIICPAaTypbl B
LICHTPE IUIEHKH.

JIureparypa

1. a) Muxanaxke JI., Hasmutousos P.I"., ®enannn B.K. — DUA4, 1989,
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INCLUSIVE PRODUCTION
OF NEUTRAL STRANGE PARTICLES
IN ANTIDEUTERON-NUCLEI INTERACTIONS AT 12.2 GeV/c

B.V.Ba?'unya. 1.V.Boguslavsky, D.Brunckol,
C.Coca”, .M.Gramenitsky, K.S.Medved,
T.Ponta?, 1.B.Simkovicova

The data on inclusive production of A and l(‘,’ in antideuteron-deuteron,
antideuteron-carbon and antideuteron-lead interactions at 12.2 GeV/c are re-
ported. The results are given on relative yields, rapidity distributions, average
multiplicities of associated charged particles, and kinematical characteristics of
ncutral strange particles. The possible difference of produciion mechanisms for

s- and A-particles, as well as the enhancement of A-hyperons yield in events
with the developed cascade, are also discussed. The data were obtained while
irradiating the 2 m bubble chamber LUDMILA with a separated  antideuteron
beam at the Serpukhov accelerator.

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

Huxno3ausHoe obpazosanne

HEWTPANBHBIX CTPAHHKIX YACTHL

B AHTHACHTPOH-IACPHHIX B3AHMOACHCTBHAX
npst nmnyasce 12,2 MB/c

b.B.Bationa u ap.

B pa6ote npeacTaencHbi IKCHEPHUMEHTANBHBIE JAHHBIE TIO HHKAIOIHBHOMY
obpasosanuio A- v K2-uactun 8o BIAMMOAEACTBHUX SHTHRCATPOHOB C IAPAMH
neditepusn, yraepoaa M ceunua npy 12,2 M3B/c. Tlpuseaenst pe3yasTtarst (10 OT-
HOCHTEJIBHLIM BLIXOAAM, GbICTPOTHBIM paclipeREeHMSM, CPEAHHM accouHa-
THBHBIM MHOXECTBEHHOCTAM 33PSIKEHHbBIX YACTHLL B NEPBHUYHOM BIAHMOREHCT-
BHH M KMHEMATHHECKHM XAPAKTEPHCTHKAM HEATPAIBHLIX CTPAHHMBIX HACTHL.
OfcyKpa0Tca TakKe BOIMOXKHOE PaanKUuHe Mexannamos obpasopanna K- n
A-4ACTHU M YBEJIMUEHHE BLIXO0IA A-rHACPOHOB B COBLITHIX € PA3BUTHIM KACKA -
aom. MaHrnie GbLan nonyuenp npu onyuenun 2-MeTposo# nyasipsXoBOM xa-
Mepm JIHOOMMIJIA cenapyupoBaHHLIM TyUKOM GHTHACATPOHOB HA YCKOpHTENE
nORBI.

PaGota suinonnena 8 Jabopatopun ceepxeoicokux amepruii QUK.

institute of Experimental Physics, Slovak Acad. of Sciences, Kosice, Slovakia
Centratl Institute of Physics, Bucharest, Romania
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I. 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 [1,2]. Annihilation could release rather large

energy (~ 2GeV) inasmall volume (~ 1 fm3) of nuclear medium [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 resultin
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 would lead to the 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 4@ 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 collisiu. ;s 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 antinucieon and they sheculd 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 sirange particle production, there were only a few published
results [6—15].

In all these experimenis, 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 K? yields, that 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 7'< 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 8 = | 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 Kg 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 subscquent pion-nucleon rescattering and
absorption;

NN = KK + (mx), followed by
KN - A X, KNN > ANX;

NN = (mx) + X, followed by
Jrop-vAK+, JZ_[)-'AKO;

NN - 7 (@) + X, followed by
a@)+p+>A+K*, gw)+n->30+Kk*,...

The detailed studies of A4 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. Antideuteron as a Projectile

At energies lower than 1 GeV, 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/c an antinuclcon (or
antideuteron at 12 GeV/c) is a very good tool to investigate these effects
because at this energy antinucleons can penetrate deep enough into a nuc-
leus, and the emitied 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, becausc antibaryons are (on the average) 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 were looking for the peculiarities of neutral strange particle pro-
duction in dA-interactions, that may reflect some interesting dynamics, si-
milar 1o those found in pA-interactions at lower energies.

Antideuteron as a projectilc is a more complicated object for analysis
than antiproton. At our energy the NN annihilations cross section is about
40% of the total inclastic cross section, and there is a large probability for
antideuteron 1o 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 10
the nucleus edge, another antinucleon with a marked probability passes
through or by the nucleus without interaction.

This process allows one to mark the peripherical interactions of antinuc
leons with the nucleus. The interactions with the registered fast antiproton-
spectator are enriched by peripherical VA inleractions. We expect that the
strangeness production should be somewhat different for these events com-
pared with the central collisions.
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Fig.1. The profile functions for carbon and fead nuclei and antideuteron 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 speciator

Fig.1 shows the profile functions for carbon and lead nuclei, and the re-
sults of Glauber calculations for dA-interactions [27 ). The impact parame-
ter distribution shows that in events with antiprot. 7-spectator the second
antinucleon interacts close to the surface of the targe\ wcleus.

The number of interactions with fast p-spectator fecreases while the
target nucleus mass grows. In our experiment the reg.stered number of
these events was 39%,, 23%, and 119%, for deuterium, carbon and lead, res-
pectively.
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Both — the arrangement of our experiment and data handling proce-
dures were described in detail in [15].
The 2 m HBC LUDMILA was exposed to a 12.2 GeV/c antideuteron

beam at the Serpukhov accelerator. Before separation, the ratioof £~ to d

was as high as 10%:1. A two-stage scheme of separation was used to suppress
the hadron background. The intensity of antideuterons was about 0.5d per
picture.

Fitled with liquid deuterium, the internal track-sensitive target was ins-
talled inside the chamber. The main task of the experiment was to study the
multinuclcon effects in the antideuteron-deuteron interactions. Also, we
were able to observe and measure the interactions of beam antideuterons in
lexan (HMCI()OJ) and lead plates inside the chamber. The lexan plate was
12 mm thick and lead plate — 3 mm.

Lexan is not a pure nuclear target. The probability for an antideuteron
10 interact with various nuclei in lexan was calculated as P(C/O/H) =
= 0.74/0.17/0.09. In this paper, d-lexan interactions arc denoted as d-C!

The neutral strange particles were observed through the charged decay

modes; four kinematical hypotheses were tried for cach W,
' K? A
A=>p+ra”
A-p+nt
yarett e,

No attempts have been made to separate A (X) from £° (ZO) production,

The classification of V° was based on kinematical fit results as well as ioni-
zation data |15 ].

The total number of registered dA interactions and the numbers of mea-
surcd and correcied vees are presenied in Table 1.

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 inleractions with vees (V° or y) were also
measured. The bubble density of the tracks was compared with geometrical
program data. We were able 1o distinguish electrons, pions and protons in
the momentum range P < 1.5 GeV/c and for dip angles less than 65 degrees.
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Table 1. Total number of interactions and number of measured
and correcled vees in JA experiment

REACTION Fitted, unweighed Weighed, corrected

@+ a7) + d - inelastic 7800 scanned
@+a7)+d=K+X 106 240
@+a)+d-A+X 86 174
@+ax)+d-A+X s 72
@+a)+d>y+ X 229

(d+ n”) + C’ - inelastic 3750 scanned

@+a)+C' K0+ X 77 167
@+a)+C'»A+X 59 138
@+a")+C'»A+X 9 23
@+a)+C'»y+X 308

(@ + x7) + Pb > inelastic 3890 scanned

@+x)+Po+ KO+ X 204 479
@+7)+Pb>A+X 299 597
@+x)+Pb»A+X 7 13
@+a)+Pory+ X 656

Beam contamination with negative x~ mesons was an obvious source of
systematic errors in our experiment. The contribution from the backgrouns
interactions was accounted using botl:: data extrapolating on strange
particle production in 7z -nuclei interactions at close enrgies, and the
Monte-Carlo simulated x ™ -nuclei events at 12.2 GeV/c, obtained with
FRITIOF code. The contribution of ¥° 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 2™ per 1 @. 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.
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3. Yield Ratios A/K?

In pp- and pd-interactions at momentum range of 0—12.0 GeV/c, the
production cross sections for K? exceed cunsiderably the corresponding

ones for A. The typical values for the ratios of production cross sections in
elementary NN collisions are R, ;.0 = 0.2—0.5 [11].
g

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, Pbat (0—450) MeV/c [6];

— the KEK measurements of p Ta interactions at 4 GeV/c [7];

— the streamer chamber measurement of PS 179 experiment at LEAR
(@ + He?, He* and Ne? at rest and at 600 MeV/c) [8—111];

— results on strange particle production obtained at ITEP (p —Xe at
0—0.9GeV/c) [i2,13};

— the measurements of ASTERIX (p + N 14 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, , .0

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 Kg production cross section.

Obviously, the strangeness in pA reactions is enhanced due to 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>AA is p=
= 1435 MeV/c), and several nucleons should be obligatory involved into

this interaction.
In our experiment, we calculated the ratios:

B N (KD
I(‘: - Ninelastic
_NM+NEY
A Ninelasric
2 oo N +NED
MK TUNGS
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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 Kg .
The observed A/ Kf production ratios for antidcuteron-nuclei collisions

and the same ratios for the evenis 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 Kg and A are presenied in Table I1b; they depend on tar-

gel mass, but R (Kg) yield depends more moderately on A.

Table Ifa. Production ratios R, ,,0 and R7,, in d-nuclei interactions at 12.2 GeV/c.
5

Background is extracted

a-d d-c d-Pb
RA/K:) all events 0.89 = 0.17 1.11 £0.32 1.98 £ 0.33
RA/K? + p~spectator 0.59 £ 0.23 0.63 x0.28 0.93 + 0.40
i Ry, , alievents 0.68 +0.13 0.26 = 0.09 0.03 = 0.01

Table I1b. Relative yields of A (R,). K¥ (R.0) and A (R7)

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

d [0 Pb
R,(l: % 2.57 £0.43 402+ 1.16 14.5 £ 4.0
RK‘: % P-speciator events 2.37 £ 0.50 4.20 £ 1.37 11.4%32
R, % 2.24+033 4.25 + 1.03 279+ 50
Ry % p-spectator events 1.40 £ 0.39 2.65 £ 1.09 10.3 3.6
Rz % 1.52x0.19 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, Kg and A yields are

different. At the same time, the ¥V %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.1)
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 K‘: yields, if K?—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 Ry0 and R, (per registered interaction in the target) are

L]

plotted as a function of the total charged multiplicity and multiplicities of
«fast» and «slow» partic.es.

Yool %)
i o —~ -
o] GHA—=V'4x ] dHA—V'+B,, +X xK
oA
A
204 - 7]
: . !
o + . xt 220
N 1 [ 1
d ¢ Pb d C Pb

Fig.2. Relative ylelds of K‘: —, A— and A-particles for various nuclear targets in
our experiment. Target masses are shown as Am
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Fig.3. Yields of K2 and A plotted as a function of tich, ns and ny for carbon and lead nuclei

The K?-yicld is the highest in a low-multiplicily region, as the events
with n_, =1, 2, 3 are cnriched with interactions with quasi-free nucleon at
the nuclear periphery. But in high-multiplicity events we observed a relative
incrcasc of A production (over K? production).

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

encies of K? and A yields on charged multiplicity, differ greaily. 1t 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.
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The number of emitted charged particles, especially slow ones, 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 referernice 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 11! the effective targets rececived from the rapidity distributions
measured in KEK and PS179 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 Kg production. [t 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 I1I. 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 Kf the effective target is
only a bit heavier than [N in comparison with 3N at 4 GeV/c.

Table 111. Number of nucleons as effective target for sirangeness production
in various reactions

Effective Target (N of nucleons)
Reaction and Momentum (GeV /c)
K A
0.6 p—Ne {10] 1 8]
4.0 p~Ta 171 3 13
12.2 d-d 1.0 2.4
12.2 a-c' 1.2 2.8
12.2 d-Pb .5 5.0
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Fig.4. Rapldity distributions of neutral strange particles in dA interactions. Black
arrows show the c.m.s. rapidity for NN reaction; white arrows show the centers of the
V*'g rapidity distributions

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 sirange 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 1o decrease the contribution of

¥'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 8 varying the effective target mass.

<Yyo> <Yye> <Yyo>
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Fig.5. Mean rapidities of V*'s plotted as functions of charged tracks multiplicity
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tributions

Figure 5 shows the ¥*’s mean rapidity { Y,.» ) s a function of the num-
ber of charged tracks. For low multiplicities, the rapidiiy values are syste-
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matically higher due to their shift to one-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 scems to be rather incorrect and
suitable only for illustrative purpose. _

Also, itis 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.10in 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 dd-interactions, the effective target mass would become
lower than the three-nucleon mass.

To show the difference from NN-kinematics, scatter plots Y]'_p for

t
K? and A in dA-interactions are presented in Fig.6. (Y; is the Vs ra-
pidity in NN c.m.s.). The solid curves indicate the kinematical limits for

v%s in clementary processes NN—»K(S)AN and NN=AA. Tke data

points for Kg 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 Kg production,

J. Mean Muhiplicities
of Associated Charged Particles

The average charged prong multiplicities at the production vertices with
and without associated ¥%s are presented in Table 1V. The mean multipli-
cities { n ) and { n, ) are also given. The «h»- and «s»-particles are the par-

ticles with the velocities 8> 0.7 and B<0.7, respectively. The separation
point 8 = 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 d4 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 McV/c are surely to be absorbed in the targets.

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

Table 1V, Corrected mean charged multiplicities for d-nuclei collisions.
Charged multiplicities from events with antiproton-spectator are marked by asterisk.
Background is extracted

LEXAN
Without V° with K¢ with A
n, 9.81 +0.23 7.00 + 0.3 7.98 + 0.31
n. 4.51 0.1 3.03 £0.16 3.28 2 0.18
a, 5.30 £ 0.13 3.97+0.18 4.70 + 0.22
n, .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 1° With K2 With A
e 14.52 £ 0.15 14.37 031 14.59 + 0.31
7.54 £ 0.58* £.67 + 1.04*
n_ 4.12 £ 0.09 323 £0.10 2.76 £ 0.09
2.71 * 0.24* 220 = [.41*
n, 10.40 * 0.22 11.14 % 0.27 11.83 = 0.19
482 +£042¢ 4.46 071"
n, 8.62 +0.19 7.86 + 0.20 712017
471 £ 0.57* 4.35 + 0.60*
n, 590017 6.51 = 0.2 7.48 £ 0.15
2.83 = 0.60° 232 * 0.50*




The main features of multiplicity characteristics arc seen as follows:
—n, and n_ depend weakly on target mass;

— for the events with neutral strange particles nis smaller than for the

ordinary events;

— for the events with A particle { 1, ) always exceeds { n, ) valuc 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 relention propertys: once A
was produced in fragmentation of a target nucleon, it was not absorbcd, but
the K%/ K%ould reinteract, disappear and produce A.

A’s production is very sensitive 1o any reabsorption of the produced par-
ticles, followed by the generation of surplus A’s. The number of A-particles
was ftraditionally considered as a measure of the number of projectile colli-
sions and secondary reinteractions inside the nucleus [28—30 1. The resul-
ting increase of mean mulliplicity of the charged and A-particles in the
evenls containing A was also predicted.

The observed dependence of A’s production yicld on n, and n, for

d—Pb collisions (Fig.3} is in agreement with the prediction of (28 |.

6. Kinematical Characteristics
of Ncultral Strange Particle

In Table Va somce kinematical characteristics of neutral strange partic-
les are given.

The difference between the A and K? and mean momenta for all the
targel 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 for both: the
K? and the A spectra. For the deuterium target, one can assume that K? -
mesons are produced mostly in clementary NN interactions; but for a heavy
nucleus this assumption seems 1o be simplified. The cross section of stran-
geness-exchange reactions like KN + A x is a decreasing function of a kaon
momentum |24 |, soone 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 sirange particle in d— A interactions.

All values are given in (GeV/c), (GeV/c)?

d-d a-c’ d~Pb
(p,) K° 0.349 + 0.023 0.430 + 0.027 0.431 = 0.016
(r}) K° 0.172 £ 0.023 0.236 = 0.028 0.222 + 0.016
(P X0 214025 2.03x0.25 1.28 + 0.17
(p) A 0.295 + 0.021 0.487 = 0.034 0.457 = 0.015
(PIy A 0.124 x 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 sirange particles momentum specira al various energies

Reaction d-d d-c d-Pb | d-Ta (7} |d—Xe (12] |d-Xe(16]
Momentum 12.2 12.2 12.2 4 atrest 200
(GeV/e) 1
7° from P* K | 11010 | 16914 | 172 11 N7x1S | 173222 |
135+ 13 |
7° from p, KO { 10414 | 145217 | 158+ 12
from P°A | 889 | 11928 [ 13811 539 | 14417
7 fromp, A | 81=19] 108220 [ 119+9 | ¥7*°

The ncutral strange particles momentum spectra were fitted to relati-

vistic Maxwell-Boltzmann distribution dN/dp = A(pZ/E) exp (—-E/TO)

[12,14 ], where the normalization constant A and the temperature 70 are

cxperimental 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 Kg and A particles. These distributions were fitied to an exponential

form A exp (—8m,), where m, is the iransverse ma.
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Fig.7. P,2 distributions of ¥-particles in dA-interactions. The fitis explain-
ed in the text

The values for inverse slope parameters 70 and 1/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
clementary collision» in various nuclear reactions (Ref. [32})

Figurc 8 shows a summary of the parameter 70 plotied versus «available
maximum cncrgy per elementary collision», which is defined as

E=vV5- 2Mp for proton-induced

and E = Vs for antiproton-induced reacticas.

The picture is taken from [32 |. The parameter 79 for d—Pb interactions docs
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 gg-plasma truasition; though the more realistic estimation for 7‘?m“ul is

about 220 MeV at corresponding energy density 1—2 GeV/fm® 1331 _

In Table VI the kinematical characteristics on negative hadrons in dA
interactions are presented. These characteristics seem o 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 intcrac-
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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Tabie V1. Kinematical characteristics of negative charged particles in dA interactions.
70 is deduced from p?-distributions

a-c’
Without V° With K0 With A
(p,) (Gev/c) 0.233+0008 | 0.300 +0.018 0.276 £ 0.017
(P2} (Gev/c) 0.102 + 0.007 0.147 = 0.016 0.124 £ 0.015
7° (MeV) 102+5 136 + 13 113+9
(P} (GeV/c) 0.962 = 0.038 1.127 + 0.089 1.053 = 0.101
(Y) 1.522 = 0.034 1.435 = 0.068 1.421 * 0.066
d-Pb
Withou 1° With &2 With A

{p,)(GeV/c) 0.264 = 0.007 0.258 + 0.009 0.268 + 0.008
(P} (Gev/cy? 0.112 = 0.006 0.108 = 0.008 0.125 £ 0.011
7° (Mcv) 1164 10325 108+5
{P)(GeV/c) 0.811 = 0.030 0.688 + 0.033 0.646 + 0.027
(Y) 1.240 + 0.028 1.046 * 0.037 0.952 + 0.029

1/Ng, dN/dY 1/Ngy-dN/dY

0.70 —

, d+c

0.601 i

0.50

040 4

0.301 1

0.204

0.101

0.004-—L

2 :

Ylnt: Yhh

Fig.9. Normalized lab rapidity distributions of negative hadrons for
A-events (solid line) and ordinary events (dashed line) in d—C' and
d—Pb collisions
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Fig.10. The dependence of the production ratios A/A~ and Kg/ 4~ on the charged tracks multi-

plicity

be cxplained that less energy is available for x’s production in these events

due to the limitcd phase space.
In Fig. 10 the dependencies of the production ratios A/A~ and Kg/h—

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

that different production processes are important in A and K_? cases and for

heavy/light

nuclei.
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7. Conclusion

We have studicd the neutral strange particle production in antideute-
ron-nuclei interactions at 12.2 GeV/c. Our results are in agreement with the
data from the antiproton cxperiments at various cnergies 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 is almost equal to yicld of K‘: even for a deuterium nucleus,
but cqualto 2in dPb interactions. For lead, the A production cross section is
a substantial part of the total inclastic cross section.

* The dramatic difference in A and A productions in dA interaction was
obscrved. The ratio Rz, turned out be small: 3x 10~ 2 for the lead target.

* The yicld of A particles in peripherical interactions is suppressed if to
be compared with yields in non-peripherical casc. At the same time, the «pe-
riphericity» of the interaction does not influence sigificantly the K? yiclds.

* The dependence of production yiclds on target mass is different for
A—, K:_)— and X—parliclcs. At the samce time, the dataon ¥ from periphe-
rical interactions show the similar trend.

* The observed difference in relative yields of A-pacticles in antideute-
ron-dcutcron interactions with and without stripping antiproton, may ref-
lect the sufficient role of rescattering processes for A production cven in the
simplest deuteron nucleuws in spite of its poor structure,

* Rapidity distributions for A’s show strong deviation from one-nuc-
leon kinematics. !t may indicate the important role of collective multinuc-

leon processes in A production on heavy nucleus, contrary to K:) 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
n. and n A growing is in accordance with the prediction of {28 }.

¢ The difference in kinematical characteristics of A and K? is obscrved.
[t may reflect the importance of different production mechanisms for A and
KS particles. OQur data allows one to suggest that A particles are produced in
secondary reinteractions and rescaltering 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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HCCJNEAOBAHHE HEATPUHHO-3JIEKTPOHHOI'O PACCEAHUA
C NIOMOIbIO BBICOKOHHTEHCHUBHbIX HCTOYHUKOB
HEHTPHHO

A.B.T'ony6unxos, O.A.3aimunopora, O.10.CmupHon

TToka3aHo, YTO NPHMEHEHHE MCTOMHHKOB HEATPHUHO C MHTEHCHUBHOCTHK),
NPEBLIAIOMEN MOTOKH HEATPHHO OT ConKua, 103BOANET MCCACAOBATL HEAT-
PHUHHO-IIEKTPORKOE PACCENHHME N CBONCTBA HEMTPUHO 8 naGopaTopHbix ycno-

BHUSX.
Pa6ora mbinonxena & JlaGoparopun ceepxsvicornx Inepruit OURH.

Investigation of Neutrino-Electron Scattering Using High
Intensity Neutrino Sources

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

1t has been shown that using high-intensity neutrino sources exceeding the
neut~n0 flux from the Sun allows onc to invcstigate the neutrino-eleciron

scattering and pcculiarities of neutrino in  laboratory.
The investigation has been performed at the Particle Physics Laboratory,
JINR.
Beeaeunc

HuskopnepreTuHas HEHTpHHHAS CNEKTPOCKONMA MMeeT ¢yHIaMeH-
TANbHOC 3HAUCHHC M W3YUCHHMS CBOMCTB HEWTPHHO. HeHTpuHHO-DACKT-
POHHOC PACCeSHMC NPH HU3KUX DHCPrUdX OYCHb YYBCTBHUTECJIBHO K BKJARY
J3NEKTPOMATHHTHOTO B3aHMOAEHCTBNS HelrpuHo |1 |, a namepernne MariuT-
HOMO MOMCHTA HCHTPHUHO UMEET NPHHUHNHANBHOE 3HAUEHHUE NS < OBPEMCH-
HOMH KBaHTOBOH TCOpHUH |1 |. .

Ynpyroe HCATPHHHO-3/1EKTPOHHOE PACCEAHME OCYLULECCTBASETCH 3a CueT
3apAXCHHOIO H HENTPaNbHOMO TOKOB. [1pakKTHYECKH HM3KOIHEPFETHUECKMH
nopor obpe3aHus CNEKTPa /MCKTPOHOB OOYCIOBNEH TONBKO NOPOrOM AETCK-
Topa (~0,2 MaB).

Moanoe ceuenne (v — e)-paccesHns ans 3apsKEHHONO TOKA B NSTh Pa3
NPEBRINACT NOAHOE CCUCHHE AN HCHTPANBLHOIO TOKA NpH JHeprun ~1 MoB.
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NuddepcHUnaNbHOE CEYEHHE NS MPOUECCOB v, — ¢ MV, — ¢ NPHBEACHO

Huxe {21
T2 Tml,c2
doe/dT = 00|0,533 + 0,053(1 — ;) -~ 0,168 —— (la)
q
T2 Tmecz
rla"/dT = 0[0,073 + 0,002(1 - ;) - 0,168 5 b (16)
q

rne o) = 172,21- 1p~46 cmleaB, T — KHMHETHUYECKas JHEPrus SNEeKTPoHa

OTJAUM ¥ ¢ — JHEPrus NAAAOWENe HEUTPUHO. MOHOXPOMATHYHKE HCHTPH-
Ho 06pa3yIoT CICKTP OTAAYM DNEKTPOHOB NPAKTUUECKH C TMHEKHBM HAKJIO-
HOM H «KOMITTOHOBCKHM» oﬁpesauuem npH MAKCHMAaJIBHOM DHEPIrHH 3NICKT-

__2°

pOHOB Tmax = me+2q.

MarevMTHBI# MOMEHT HERTPHHO

B HacTofuwce Bpema nBa M3BECTHHIX IKCNEPHMEHTANbHBIX dakTa |3 ] —
RCPHUNT NOTOKA CONHEYHNX HEWTPMHO W KOPpENauusa MOTOKA HEHTPHHO C
COJTHCYHBIM LHKJIOM —— CBHACTCJILCTBYKOT B NOAh3y HANHYHSA Yy HEATPHHO
MarHuTHOrO MoMcHia. Cranpapruas teops (KX + reopus caaboro 3an-
MOACHCTBHA) APCACKAIWBACT, YTOU , ~ 10"'9;430h -

Mepsuic pe3ayabTaThi, NOAYUEHHHC HA ycTaHoske Fanaexc [4 ), no-su-
AMMOMY, YKa3NBalOT HAa BO3MOXHY K0 JHCPreTHUYECK Y10 3aBUCHMOCTh BHX0AA
COTHCUHBIX HCHTPHHO,

O.ns ofbACHCHUS COMHCUHOTO CLLCHAPHS XKENATebHA BEJTHUHHA MAaTHUT-
HOTO MOMCHTA HCHTPHHO &2, ~ 10~ Hgony- OTKPHTHE TAKOMO MOMEHTa Ges-
YCIOBHO CBHACTCABCTBOBANO OW B N0Ab3Y HOBOW (PM3NKM BHE CTAHAAPTHOM
moncan. B nocacanee spema Cepbe3HBIC TCOPETHUECKHE YCHAHMS Ohy Ha-
ApaBACHH HA PA3BUTHC KOHUCTLHH 6ONBWIONO MATHHTHONO MOMEHTA B CO-
YCTAHHH C MANOW Maccoit HelTpuHo |5). B HacToswee BpeMs MamcpeHus

ANIOT BCPXHIOK OUEHKY i, < 4 lO_'OuBDhr, a acrpopmanueckasd oucHka

H,<3 10712,
MarkuTHoC paccesHue HETPUHO HA SNIEKTPOHE HMECT cicuudHueckyo
33BHCHMOCTb OT JHCPTHH OTAAUH INCKTPOHA!
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na® 1 1
do/dT = u? =5 (3 — =), )
v m2 T Ev

€

FAC @ — KOHCTAHTA TOHKOM CTPYKTYpHI.

CnekTp 37EKTPOHOB OTAAYH GHICTPO pacTET NP MajNhiX SHEPrUAX, B TO
BpCMs KaK CMEKTP 3NEKTPOHOB OTAauM, 6naronapsa c1aboMy B3aMMOACHCT-
BHIO, ABAAETCH NAOCKMM. Takum o6pa3oM, ceueHMe MarHHTHONO paccesHns
TeM GOBILC, YCM HUXE JKCNEPUMCHTAbHEI NOPOT PErMCTPALLIHK SHEPTHH
JNICKTPOHOB OTAQYH.

Jlns pecrucTpaunmn 3HEPruM 31EKTPOHOB OTAAYH OT ynipyroro (v —e)-pac-
ceauus Gyaer ucnosnb3oBaH aetekTop «BopekcuHo» [6], coopyxaemuiit B
noazeMHoi aabopatopun I'pan-Cacco B Utanun. lerektop nossonsier ocy-
WIECTBUTbh M3MEPCHHUE HEATPHHHO-3NECKTPOHHONO PACCEAHMS NPH HHU3KHUX
JHEprHMaxX M ¢ ManuM noperom (~0,1 MaB). Mu niaHupyeM nccacposarthb
HCATPHUHHO-3/1CKTPOHHOE PACCESTHHE C MOMOLLBLIO HCKYCCTBEHHONO HCTOUHH-
Ka HCATPHHO, BO MHOTO Pa3 NPCBHILAIOUIET0 HHTCHCUBHOCTD NOTOKA HCHT-
pnuro ot Coanua {71, [8 ).

B HacTosucit paote npeasaraeTcs HCNOAb3OBATb MOHOXPOMATHUCCK I
UCTOUHHMK HCHTPUHO C H30TONoM Maprancu-54. IMpeanoxcHusiii B pabote
I8 | CTPOHUMIA-NTTPUCBBI HCTOYHHUK BRICOKOM MHTCHCHBHOCTH ABASCTCH B¢~
TAa-M3AYYaTCACM, U B 3aLIMTC HCTOUHHKA BRAEASCTCA MOmHOCTL ~9 kB.
KpoMe Toro, n3-3a «kOMNTOHOBCKOMH» KHHEMATHKH NMPOLLECCA YNPYHOro Hei-
TPHHHO-DJICKTPOHHONO PacCCAHHUSA IHEPreTHUCKHI NOPOr AETEKTOpa 3aaacT
MHHHMMANbHYIO DHCPTrUI0 HCHTPHHO, BHI3WBAIOILYIO TPOUCCC PACCCAHMSA.
Tak, 300 k2B-unii nopor npakTHueckn o6pe3acT BCCb CNEKTP, HAYWHH OT
crponuna-90.

MoHoxpoMaTHueckKHi HCTOUHHK HAa OCHOBE HM30TOna Mn3* XOpOWwo
YAOB/ICTBOPACT HCKOMUM TpeGosanmaM. Tpy 3tom EL cyuwiecTBCHHO npeshi-

waet nopor aerckropa «Bopekcnnon.

MOHOXPOMaTHUYCCKHE HCHTPHHO Mn** MCNYCKACT BCAEACTBHC DICKT-
POHHOIO 3aXBaTa. JHCprus HelTpuuo cocrasaser 1,16 MaB. C nepnogom
nonypacnana T ,, = 312 aucit Mn** NCPCXOAHT B Cr’? (crabunvhoe aapo).

Ilna nopora acrekropa T“np = 0,1 MaB cnabGoc cecuenne npouecca
nosay4um, nuterpupys (1) 8 npeacaax or T =0,1 MaB no T, =

= 1,16 MaB.

(0,1 = 1,16 MaB) = 9,77-10%5 cm?. (3a)

Ona T = 0,2 M2B cooTBeTCTBEHHO

nop
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0(0,2 — 1,16 MaB) = 8,76 10745 cm?. (36)

[ns ucTounnxka uurencusHocTsio B 1| MKn, pacnonoxenHoro Ha nosep-
XHOCTH ACTeKTOpa paguycom 3 M, Gyaem uMeTs:

norok = | MKu = 3,7-10'® neitrpuno/c.

Yncno B3anMoAcHCTBHIA B AcHb Ans nopora 200 k3B — 1361, a ans no-
pora 100 k2B — 1518. [Npy 3TOM 4KCN0 BIANMOACHCTBHI CONHEYHRIX HEHT-
puko coctasaseT S0 cobhiTHil/AeHb B TOM XE JHEPrETHY: CKOM ANANA30HE.

JIlns NOAYYCHHS DNEKTPOMAMHHUTHONO CEYEHHsE HEOBGXOAMMO NMpPOMHTEr-
pMPOBATh BRPaXCcHHe (2) B TeX Xe Npeaenax.

T, ar (01 = 1,16) = 4,24- 1072 42, (42)

JJ1.Mar.

0, . (0,2 = 1,16) = 2,65 1072 42, (46)

JA.mar.
TAC M, — MArBNTHHA MOMCHT HCHTPWHO B Marnetonax Bopa.

Oas u, =148 lO—mpH YHCNO IJNEKTPOMATHUTHHIX B3AHMOACHCTBUN
PABHO uucny cobmTvii 3a cuer cnaboro  BaaumonckcTBug. Ecamn
u, = 1,8 107!, 10 uMc0 cOBMTHIH cocTaBuT 75 COBNTHIA B ACHS.

CRekTp MArHHTHOTO PACCCHHMS HCHATPMHO HA JNCKTPOHE, MMCIOLIW
1/ T-33aBMCHMOCTb, B OTAMUYKE OT JHHCHHON 3aBUCHMOCTH c1aforo B3auMo-
ACHCTBHS, SBASCTCH RONONHUTCAbHBM (PAKTOPOM, MO3BOASIOLHM IKCNCPH-
MCHTABHO HCCICAOBATD OTKJIOHCHHUE OT JHHCHHON 33BUCHMOCTH.

[py paGoTc HEOOXOAMMB KOHTPOJb MHTCHCHBHOCTH M 34ILNTA MC-
TOUHHKA. MOHUTOPHPOBAHME MHTCHCMBHOCTH HCHTPUHO MOXECT GHITh cac-
JAHO NYTCM HEMPEPHIBHON PCrUCTPALHH BHHYXACHHONO FAMMA-H3AYyUCHHS.

v M — ase ramma-annan ¢ duepraeii 0,8349 u 1,460 MoB c otHoweHR-
em 5000:1.

3ammta ucrounnka Guna paccuutaHa ¢ noMowbio nporpammn EGS4.
Cneayer OTMCTHTb YTO TAKOH PacueT HE TPMBUAACH, TAK KaK HeoGxXoaMMo
NPOCACANUTD 106 ¢oToHOB.

lMoaTomy TPaaHUHOHHBI METOA PACUCTR, KOMAA MCHEPUPYETCH HYXKHOC
KOJHUCCTBO FaMMa-KBAHTOB H NPOCASKHMBACTCH CyAs0a Kaxaoro ramma-
KB3HTa, HCNPUEMIEM M3-32 OTPOMHONO X0AHYCCTBA Tpebyemoro mainnHHOTO
BPCMEHM,

Hamu npumencH apyroi Meron, 3akarouawoimiics s creayowem. Ans
KaX0r0 N0CTATOUHO MAJIONO C10R 3aUWMTh M3 JAHHONO MatepHana Oun pac-
CUMTAH CICKTP rAMMAa-KBAHTOB HA BHXOAC M3 CJIOA C GONBLIOA TOUHOCThIO,
criekTph Gunn npotaByanposann, Kaxawii raMMa-KBaHT SHEPriK E; obpa-
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3YCT Ha BHX0AC H3 CN10M CNICKTP raMMa-KBaHTOB WU, rae HHIEKC i COOTBCTCT-

BYET JHEPrHH HA BXOAE, a j — HA BHXNJE.

W]J. =W, W,.J.. (5a)

Ha Bwixone sToporo cnos
Wi=W, W, (56)

W Tak Jajee.

[Mpouecc npoaonxaeTcs A0 TEX NOP, NOKA IHEPrHs FTAMMA-KBAHTOB HE
nocturHet E_ W MX KoinuecTBO GyneT menbuwe 3ananHoro. Martepunan sa-
wuTh ¢ GonbunM Z obecneunBaeT xopollee NOAABAECHME raMMa-KBaHTOB
C HU3KHMMH JHEPrHAMH, a C MANbIMH Z NOAABAAIOTCA BHICOKOIHEPrCTHUHBIC
raMma-kBaHTH. [loaromy uepenoBaHueMm cpes MOXHO A0GMTbCA BGoabuwion
addexTuBHocTH 3anTh. Tax, BOAM3N HCTOUHHKA NONXKEH HAXOAHTLCA Ma-
TEPHAN C ManbiM Z A8 NOAABJICHHS BHCOKOJHEPrETHYECKOM YaCTH  CNICKT-
pa. danee poaXxeH cneaoBats MatepHan ¢ GoabwuM Z M T.A. Onu
HCTOMHHKA MoulHoCTbiO B | MK Mn%? HAMH TONYMEHO, UTO 3alMTa
AOAXHA HMeTb obwyl ToawMHy okono 10 cM H  KOMAO3MUHIO
2(Fe):2(Pb):2(Fe):2(Pb):1 (Fe):1(Pb).

JlaHHbiii BAPHAHT 3aMTH o0ecNeunBaeT paanaHOHHYI0 6¢30MacHOCTh
HMCTOMHMKA M HE AACT KaKoro-anbo Bk/iaaa B QOH yCTaAHOBKH «BOPCKCHHO»,

Maoton Mn>* moxer 6utn MOAY4EH Ha HHTCHCHBHB X JIHHCHHHX YCKO-
PHTENAX MPOTOHOB C MTOMOIBIO PLAKLIHH

n + Mn*5 > Mn®* + 2a. 6

Ceucnue o1oit peakumnn cocrasager 0,9 6 npu aneprmu E, > 6 MaB u
pacTeT ¢ 3Hepryei HelTpoHa a0 1,2 6. [Ins noroka HeATPOHOB 10'*1/c n
MHILIEHH H3 Mn*’ ¢ uncroroii 99,99% (15x15x15 cM), pacnosoxeHHoi 3a
3aryWKOM NOMOILEHH MPOTOHHOIO MYYKA, HY XHOE KOJHUYECTBO Mn* mo-

xet 6uTh HapaboTtano 3a 4—6 mecaues oGayuenus. [Mpu arom 126 r Mn54,
06pa30BaHHOIO B MUIIEHH, AANYT HCKOMYIO AKTHBHOCTb, XHMHUCCKOIO BHI-

AECNCHHUA Mn®* u3s mumenn ne Tpebyerca, ecau Mn54 HMEET UHCTOTY

99,999, . INpu 3roMm no obnyueHus Mn%S Aosxed GbITh NOMEWEH B 3aLUHMTY.
ABTOpH BHPpaxawT 6/1aronapHocTe yuacrhukam xoanaGopaunmu «Bo-
PEKCHHO» 33 NPOABJACHHKI HHTEPEC H NONAEPXKY.
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Pykonuck nocrynuna 18 sueapsa 1993 rona.
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THE FIRST RUN WITH 33§ RELATIVISTIC NUCLEI
AT THE LHE ACCELERATING FACILITY IN DUBNA

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

The acceleration of **'S nuclei were first performed at the accelerating
facility of LHE. 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°1 /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.

TlepBuiii cealc ¢ MyYKaMH PeNSITHBUCTCKUX AAEP CEPH
HA YCKOPHTENAbHOM Komiiekce JIaGopaTopHH BHCOKHX
anepruit OUSIH B yGue

A.1.KoBaneHko u ap.

Ha ycxogmenbnom koMmiunexce JIBD Brepsbie OCYUIECTBAEHO YCKOPEHHMe
aaep cepol 325, B kauecTBe MCTOUHMKA MOHOB HCTIOBIOBAH KPHOTEHHDIN 3neK-
TpoHHO-Ayueso#t nonnsaTop KPUOH-C. Cucrema ynpasieHHa HOHH3ATOPOM
peanu3osaHa Ha 6ase BONIOKOHHO-ONTHYECKHX chaaeit u ITIBM PC/XT. Uncno
3aXBAUECHHLIX B PEXKUM YCKOPEHHs YacThL cocTasho (2,2 +2,5) - 10° 1/upa.
Ofayuenne c6OPOK MJIBCTHKOBLIX TPEKOBbIX AETEKTOPOB U (hOTOIMYALCHOH-
HBIX KAMEDP NPOBEACHO Npy 3Heprvu 3,65 [HB Ha HyKAOH.

Pa6ora spinonuena s JlaGopatopun ericoxmx aueprmii OUSIN.

Works on accelerating more heavier nuclei are being continued 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 U8+ For this purpose il was
necessary 1o provide an electron beam with energies of ~30 KeV and an
electron density of ~5.3 A/cm?. 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 keV, an
electron current of 0.2 A and an electron density of 500 A/cm?. The con-
finement time for ions in the ion trap produced by this electron beam was no
morc than 0.5 s. The ionization factor, namely electron densily times con~
finement time, was below 102! I/cm?. This ionization factor is sufficient to

produce Ar'®* jons and corresponding multicharged heavy ions including
U56+ .

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

KRION-S was installed on the high vollage terminal of the foreinjactor
of the linac LU-20M. We used fiber-optical links to control the KRION-S
from the linac control room. The magnetic field of thc superconducting
solenoid, clectron current, cathode potential, cryogenic temperatures,
vacuum, fevel 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)
— ¢lectron cnergy — SkeV

— electron density — 200 A/cm?

— ionization factor — 3102 1/cm?
— gas for operation — Ha2S.

The ion beam from the source with an infensity of 5-10° 1/Z and

consistivity (S”+~80°/.‘,, Sl3+~15%, siat ~3%) 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 (Sl4+~98°/°,
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S'3*~29 ywas transformed to the ion beam with (S'6*~20%,,S!5*~45%,
S“+~30%, Sla+~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

3.5-10° particles per pulse. The spectrum of the accelerated beam consisted

of Slo+~70% and 08+~3O°/°. 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 functior:ag 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 o
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 '%0 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.
The investigation has been performed at the Laboratory of High Energies,

JINR.

Meron undposoro ot6opa cobniTHIA NO BpeMEHU NponeTa

B.{T.Jlapnirun, I1.K.Mausakos, H.M.ITuckynos

IpeacramneHs! peayabTaTei A0 BPEMEHHBIM M3MEPEHHAM W PEANH3aLinv
TPUITEPa NO BPEMEHM RPONETA YaCTULL € tdposbIM 0T60pOM COORITHI Ha Mar-
HuTHOM cnexkTpomerpe AJIb®MA. Bpems peterng Tpurrepa no BpeMeny npo-
nera coctasnset 8 Mrcex. [Monanoe nonasaciue cobuiTust BHe BLIGPAHIIONO Bpe-
MCHHOIO MHTEpBasia Ge3 NoTepH CTATHCTHKY CBracTenbCTBYET 06 dhdex THBHO-
CTH npennroxennoro Metosa. O6CY XAAIOTCH NYTH RANBHERLIERD YAYHWIEHNS

cucTems) umdposoro orbopa.
Pa6ora sbiionnena 8 JlaGopaTopmm sbicokux 3ncpruit OUSH.

1. Introduction

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:
M=,”/(%)2-1, M

where M is the mass of the particle; p, its momentum; 4, the time of flight of
the particle over a distance L, and ¢ is the speed of light.

Of particular interest is the possibility of discriminating against a
specific kind of particles (for cxample, protons or deuterons) at the trigger
level in the study of processes having small cross sections in the presence of
a high background rate. As an example of such a situation, Fig.1 shows the
time-of-flight spectrum of protons from dp backward elastic scattering at an
angle of 180° and of background inclastic deuterons of the same momentum.
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BOUQ [ — et oo e m gy Fig.1. Time-of-flight spectrum of protons from
dp backward elastic scattering at 180° and

N d d+p-p+d background inelastic deuterons

=5.45 GeV/c
600 I P /

400 The ratio of deuterons 1o protons is
of the order of 10 and therefore it is
necessary {o select protons at the

Zpx10 trigger level for efficient data taking.
‘JJ I In the present paper we describe

200

U5 ‘L lu? 757 0% the method of timing measurements
TOF ns and the realization of the time-of-

fiight 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 m and
m, differ in the times of flight over a baseline L:

_ - _L M M2
AT=T, Tmz—c(‘/l+(p) /1+(p)). @

[1 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 1o 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:

2= 02+a + 2

el’

3)

67



where o is the contribution of the scintillator to the jitter; %om , the timing
jitter of lhe photomultiplier; a,p 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—
[9 1, 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 = 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 = 10° particles per burst is incident
on the carbon target T, disposed in the focal plane Fy 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, with a
momentum of 4.5 CeV/c, are directed to the target T, of the setup ALPHA.
Their angles and momenta are measured before and after T, by the pro-
portional chambers (PC) of the magnetic spectromcier ALPHA.

The scintillator counters S,1» S;3» and S, are used to measure the times
of flight of the particles. The counter S, was mounted in front of the second

target, 5, and §, in the focal plane F, of the beam line VP1. Thc position of

Fig.2. Overview of the magnetic spectrometer ALPHA . §, — scintillator counters, PC —
proportional chambers, M, — magnetic elements, T, — second target
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P ,GevV/c

a)

b)

' (!'lp/p=b-0‘3)
(0=400 ps)

c)

7.8 90

Fig.3. Times of flight of protons, deuterons and
tritons over a baseline of 42 m versus their
momenta: ay theoretical curves: b ) taking into
account the momentum acceptance of the
magnetic specirometer Ap/p = 0.03; ¢) taking
into account Ap/p = 0.03 and the internal
resolution of the TOF-system (o = 400 ps)

the counters at focus F, allows one to
minimize the influence of the material
of the counters on beam paramcters.
The distance between §,;, (5,,), and
§,3 was 42 m. The difference of the
bascline
with

i

times of flight over this
for deuterons and prolons
momentum P, =45 GeV/c

= 1,= 8.67 ns (Fig.3a). Taking

into account the momentum acceptance of the magnetic spectrometer Ap/p,
we sclect particles having the time of flight over the time interval:

(sce Fig.3b).
The Amperex XP2020 |25 | photomultiplicrs are used at onc end of the
scintillators of cach counter. The dimensions of the scintillators arc

1000
N

80U

6LOO

400

200

]
0

¥ig. 4. Inernal resolution of the time of flight

sysiem

At

fy 1+ p2/

' ] 1 1 ' v

0 7

=400 ps

r [}

A TR ' f

0 30 40 40 6o
TOF

A
)22 (4)
m”~" Py

100x100x5 mm® for S,3 and

150x60x5 mm® for S,, and S,
The curves describing the timing
resolution of the TOF-system for a
baseline of 42 m, the momentum
acceptance of the magnetic spect-
rometer of Ap/p =0.03 and an
intrinsic resolution of = 400 ps
versus the momentum of the
registered particle are presented in
Fig.3c. The internal resolution of the
TOF-system obtained from S, and

S, information is = 400 ps (Fig.4).
The timing jitter of the electronics
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o, is =150 ps; the jitter of the photomultipliers Tpm = 260+300 ps and the
intrinsic resolution of the counters S, S,,, and S,,, about 300 + 350 ps.

4
The coincidence of the counters Sl, Sz, S,a, S e and 2 SABl. is used as
i=1
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 S, as a start counter decreases significantly the number

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

S
35 crp rt
logic of

1 level

Trigger v‘[ T l—-—‘
S '

——l‘z cml '| t ’——— scc [Sto

YYVYVYY

il

Clear

——.Fi———'d.i. Clear 1,
start Clear 2
0.8 Us
N
veto start
T2 |— T3 T4
—start | star g.i.
0.7 us |22%K 6.0 us | 7.0 pis
Trigger

Fig.5. Organization of the time of flight trigger with digital selection. CDF — constant fraction
discriminators, SCC — sirobed coincidence ciicuits, T, — timers, TDC — time to digital

converter, DF — frequency divider, 1 — delays
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Gatel
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Gate2 u

T1

Clearl

T2
1 0.7 is |

T3

1. 8 Us

Clear2

0Pt OF T e eneanes

output DF N

T4

Trigger

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

2-103 for S;5and 3 10° for 8 5(S,,) per burst (400 ms) and, secondly, S is

included in the logic of the first level trigger.

Signals from the counters S,, and S, are fed to the inputs of the
constant fraction discriminators (CFD). The CFD output signal occurs in-
dependently of pulse height U,, and is created when the incoming pulse

reaches al. , where a < 1. Experience with time-of-flight systems shows

in’
that a better time resolution for the scintillator detectors is obtained
providing a = 0.05+0.2 [30]. We are using @ = 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 |
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: 150 -~ -7 -~ « v T

a) without selection; b) with time of flight selection N d P 3
100 I a)

. . . 50 )
Event selection according to the ti-

me of flight was done in 2 stages. At the 608 o “‘_‘l

first stage the mandatory presence of " ' 7 77

the signal S, is requir=4. In the absence 400 II‘LI b)

of this signal, «Clear 1» is generated to 200 I

clear information in the CAMAC crates L ,J_J [

and to reenable the data acquisition sy- % b tor. o2

stem. The decision time is 0.6 us. '
The type of particle is identified by the presence of a signal from the

counter S, For this purpose a scries 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 (Tslop = Tgar) 18
longer than V-0.125 ns. In this casc data-taking is initiated. When there is
no DF signal, «Clear 2» is generated io clear information in the CAMAC
crates and to reenable the data acquisition system. The total decision time of
the trigger is = 8 us.

The time of flight specira (k = 420 MeV/¢) with and without time of
flight sclection are presented in Fig.7. The ratio of inelastic deuterons from

the reaction 12C(d,d')X to protons from the reaction |2C(d,p)X corresponds
to the expected one [28—29). The diffcrential cross sections of these
reactions versus the light-conc variable & 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-

...........

Lo
lative simplicity in tuning (in compari- T: oo ,':gég.p)f‘
son with other methods of trigger reali- S ? - )
zation) which is very essential in the § oo
analysis of rare processes. T *“"'-¥ﬁ?~""'

To achieve the above method, 2 u

standard eletronics circuits made at the £ \ K

(13
Fig.8. Data on the differential cross sections from 2
the reactions '*C(d,d")X and '2C(d,p)X versus the 5 e ve 0 nn
light-cone variable k(k = 420 MeV/c) k , GaV/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 [.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 likc to thank
N.S.Moroz for the given scintillator counters; Yu.A.Kozhevnikov,
1.G.Zarubina, Yu.S.Anisimov, V.M.Grebenyuk for their help in the present
work.
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MNEPBBIE PE3YJIbTATBI HCCNTEZOBAHHUA KOHBEPCUH
MIOOHHH — AHTHUMIOOHHUI HA ®A30TPOHE JI4IT OUAU

B.M.A6asos, H.I[1.Anewnn*, B.A.Bapanos, A.H.Bparun,

B.A.1 ~pnees*, C.A.I'ycros, E.I.JIpykapes*, A.}0.Kncenes*,
E.H.Komapos*, H.IT.Kpasuyk, T.H.Mamenos, O.B.Muknyxo*,
W.B.Mupoxnu, A.M.Muxaitnos*, 10.I.Hapuunkun*, O.B.Casuenxo,
B.A.Cxuaps*, B.B.Cynumos*, A.I1.®ypcor

Ha MHTEHCMBHOM MyuKe NOBEPXHOCTHBIX MIOOHOB, TMONYYEHHbIX HA (a3oT-
poHe OUSIM ¢ nOMOLIBIO IWMPOKOYTOSbHOW MarHMTHOM AMH3LI, RPOBEREH CO-
BMECTHBI# DxCcnenvmeHT IMTUAD — OUAH no noMcKy KOHBEPCUM MIOOHUIH —
anTumiooumit (M - M). Micnonb3osanace HOBas METOAMKA, O01aAAIOWAs BbI-
COKOJ CBETOCUION PErMCTPALLIMHM NPOUECCA KOHBEPCHH W HH3KHMM YPOBHEM ¢o-
Ha, OCHOBAaHHA% HA PErMCTPALIMM BLICOXOIHEPIETUUHBIX JAEKTPOHOB OT pacna-
A3 MIOOHZ ANTMMIOOHHS WHMPOXOANEPTYPHLIM MATHHTHBIM CIIEKTPOMETPOM.
CofibITHit, CBA3aHHBIX C NepexoaoM M - M, He ofnapyxeHo. Jlna BeposTHO-
LTH [IPOHECCA KOHBEPCUM OTHOCUTENLHO O0LIMHOTO PAcNaja MIOOHA NOJIYUEHO
orpannuenue W, 2 < 3,9- 1077 (90%, ypoBeHs pocTOBEPHOCTH) , uTO B 1,7 pasa
JIydlue CYUEeCTBYOteN CErOANS oLeHkH. HoBOe 3HauUeHHE A KOHCTAHTDI fe-
pexoaa MIOOHNI — aHTUMIOOHUM GMﬁ <0,13-Gz (90% CL).

Patora BoinosneHa B JlaGopaTopum spepubix npobnem OHSIU.

The First Resulis of the Muoniun, 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 Dubna
phasotron. This muon beam has been achieved by means of a wide-angle mag-
nelic lens. The new method has been used ot identify muonium to antimuonium
conversion with high probability of M - M process and lower background. The
idea of the method is to detect the high energy elecirons from the antimuonium-
muon decay by a wide-aperture magnetic spactrometer. The first resulis of this
experiment are described. No events of the M —~ M conversion were observed.
The upper limit for the branching ratio of the process invesligaled with respect to
normal muon decay is measured 1o be W,;;<3.9: 107" (90% confidence
level). This result is a factor of 1.7 better than the preyious experimental limit.
The new value for the coupling constant of the M -» M conversion process is
Ci37 < 0.13-G (907, confidence level).

The investigation has been performed at the Laboratory of Nuclear Prob-
lems, JINR.

* Meteplyprekuit HHCTHTYT aRePHON (ramky um.B.T1.KoHcrantnosa PAH
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Tepexon mioonus (M =u*e”) B anmmmoonnii (M = u”e*) npen-
CTaBdeT MHTEPEC B CBA3H € NpobaeMOii HECOXPAHEHUS ICIITOHHOTO UMC/IA.
MMepexon M - M Ttpefyer HecOXpaHEHMS JEMTOHHMX KBAHTOBHX YHCEN:
AL = ~2; AL“= 2. Eciv npeanosioXHTs CymecTBOBAHME B3aUMOACHCTBHA,

nepesoasamero M B I_M-, TO COCTOSHUAMH C ONPEAEACHHHMHA MaCCAMH CTAHO~-
BATCA JMHEHHHE KOMOMHAUMH COCTOSHMIE M n M. Ml’2 = (M = M)/2.

Hpu 510M ecati B MOMEHT 1, = 0 cucrema npeacrapager coboit YNCTHI MI0O-
HHIi, TO K MOMEHTY 1 OHA MEPEXORUT B COCTOAHHE

[Mle_lm‘r_r“tlz + Mze—imzt—l"“tll]’

rae l‘” — BEPOSTHOCTD pacnana, m, , — Macch yacTy M, ,. Takum obpa-

30M, B CHCTEME NPOUCXOASAT OCUMATAUnY M — M ¢ nepuogom T = 2/ 161
@=2<Mi{iM>), a BepostHoCTb WMF TOrO, UTO MIOOHMI Gymer

pacnagaTeCd Kak aHTHMMIOOHME  (BeposTHOCTL  KoHeepcmm) [l
WMFE = I6lz/2l‘j. Ecau npennucats H ofmuryio ( V—A)-cTpyxTypy

i = . = 105
KOHCTaHTO# GME? GF f, TO BEPOSTHOCTH WMM 2,5-10 j'2

Ewe » nepuon 10 cosnarvs CTPAHAAPTHOH MOZEN 3AEKTPOCAabbIX
B33aMMOACACTBHIA HCCLIEAOBAHCh MORE/IN HAPYILCHNMS JENTOHHOIO YHCAa, B
KOTOpbiX Opoueccsl ¢ ALl = 2 okaswBaiuchk 60ee BEPOATHLIMH, HEXENM
¢ ALl = 1, MHOIMe 13 HUX HAULTK CROM AHAIOT B COBPEMECHHKNX Kanaubpo-
BOYHBIX CXEMAX, 3 MOSABACHUE B TEOPHH XHITCOBCKMX GO30HOB, nepeHocs-
IMX JENTOHHbBE YuCaa L = 2 ¥ BH3HBAIOMMX Takum olpasom npouecch
¢ {AL{ = 2 B nepsoM nopaake NO KOHCTAHTE B3AMMORCHCTBUSA, 0KA3aMHCh
cnencrereM Boaee obwux hUMUECKHX OPEANONOKEHHI,

Tpu arom xurrcoBckie G030HM AAIOT BKAAL B aMILIMTYAB APYrHX pe-
JKHMX Pacnanos, MCCIEA0BABLIMXCS paHee. CpaBHEHHE C BEPXHEH rpaHnLei
Ha BEPOSITHOCTH MOCJEAHMX AACT OTPAHMYEHHE HA BEJIMUHHY MCCienyemoi
KOHCTaHTH f. Jlpyroe orpaHsyense noay4aerca Gnaroaaps BRCOKOH TOUHO-
CTH M3MEPEHHA AHOMAJbLHBIX MATHUTHRX MOMEHTOB MIOOHA M 3JIEKTPOHA.
Manas BeJHUHMHA PACXOXACHMA JKCACPHMEHTANLHBMX M TEOPETHYECKHX
JAHHBIX JACT OrPAaHHYEHHS HA BO3MOXHBIA BK1aJ XMITCOB B aHOMA/bHbIC
MArHHTHEE MOMEHTH 4 H .

HanGonee uutepecnoit npencrasaserés moneas, B koropoi U(l)-nen-
TOHHAsS CHMMETPHS HAPYIUAECTCA CYHIECTBOBAHMEM KOHEHHOH MaHOpaHOB-
CKOIt MACCH HEHTPHHO. SIpKHM CEACTBHEM ITONO sBacHUS (o 6bi 0GHapy-
XxeHne ABoitHOro Be3HelTpUHHONO f-pacnagd, NOHCKH KOTOPOIo CEHYaC MH-
TEHCHBHO BenyTcd. {1pu aroM SU (2) -HHBapHanTHOCTD TPeGyET MOABIEHNA B
MOXE/TH JBAXAb 33PAXKEHHBIX XHITCOBCKMX BO30HOB, MEPEHOCA MK JIENTOH -
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Hoe uncio AL = 2. 310 AenaeT BO3MOXHOM KoHBepcuio M - M MpH yueTe
B3auMoZiccTBHS B iepBoM nopsake. Fiayuenue aToro nepexoaa gaer, Takum
obpasom, KHPOPMALMIO 0 XMITCOBCKOM CEKTOPE MOAE/IH, I0ONO/THS S UCCAEN0-
BaHU% paBosiHoro B-pacnaza. OTMETHM, YTO JOKAAMOPOBOYHHIM NpEAIIECT-
BEHHHKOM MOfENH aBngerca npeanoxeHHoe [Nonrekopso [2 ] B3aumoneiict-
BUe CAL = 2,

3TOT Xe MeXaHM3M JOJXKeH MPHBOAMTb K KOHEYHOH BCPOSTHOCTH

pacnana nt - puTetet v, Bepxusis rpawuua ais oToif MONW pacnaja

paer f< 3 1073, OTMeTHM, uTO ecan aentonHas U(1)-cMMMeTpus aBasa-
ercs rnobanbHOH, TO MOXHO noayuuth Gosee CHABHOE OrPaHMMEHHE
f=<5107%

Bo3aMoxHn M apyrne MexaHu3Mbl HECOXPAHEHHS JIEMTOHHOIO YHMCNA.
Tak, B npennoxeHHom [epmaHom eapuaHte [3] cranmaprHas moaens Ao-
NOJIHAETCS CNOHTAHHO HAPYLUEHHOI MEPECTAHOBOYHON CHMMeETDHCH S5. ITa
MOAENb, BOCIPOM3BOASLLAS KOHLENLMIO JIENTOHHOI ueTHOCTH Bainbepra n

MDeiinGepra [1 ], Tpebyer f < 5- 1073 ¢ APYrOii CTOPOHB, €C/TH B3auMoaeli-
CTBHS IENTOHHKX MOKOACHHI 001a1310T N'OPH3OHTANTBLHON YHHTAPHOH CUM-

MeTpueit [4 ], eCTeCTBEHHO 0OXUAATb f < 1075,

Takum 06pasom, MHTEPECHWMM AAS HCCAEAOBAHMA MPCACTABAAIOTCH
3Hauenna 1072 < f= 1076,

JKcnepumeHTa bHbC uccacnosaius TRIUMF {5,6 Ju LAMPF {7 ]| no-
3BOJISIFOT A5 KOHCTAHTH GME 2aTb BCPXHIOIO OLCHKY: GME <0,29- GF 161

] GMH < 0,l6-GF [7), uTo ykasniBaer Ha HeoGXORMMOCTb AabHEHMIETO

JKCMEPHUMEHTAIBHONO HCCACACRaHHA npouecca (M - E—xonaepcuuu.
HoBnie 3kcnepumeHTH TpeGylOoT NMPUMMEHEHHA CBETOCHJbHRIX YCTaHOBOK
#n HU3KOMOHOBHX MeToAMK. UNHOH M3 TaKMX BO3MOXHOCTEH #BAsETCH
pErucTpaums 31eKTPOHOB (4 —¢)-pacnana Ha BHICOKOIHEPTETHUHOM KOHUC
MHILENCBCKOIO CMEKTPa C MOMOLbI0 IUMPOKOANEPTYPHONO MarHuTHoro f-
CeKTPOMETpa. Bo3aMOXHOCTH 3TOil METOAMKH H OueHKa (POHOBLIX MmpoLec-
coB npuselcHb B paborax [8,9 ). OcoBeHHOCTL NpensaracMoil METOAMKH B
TOM, YTO BEPOATHOCTH POHOBHIX [IPOILECCOB HUXE MMEIOLUECHCS IKCTICPHMEH -
TanbHOK OLICHKK BEJHYHMHbI WMF H CyWECTBYET MEXaHN3M MOAABJACHHSA
ITUX MPOUECCOB NMyTeM o0pe3aHMs PErMCTPHPYEMOrO MHTEPBANA FHEPruii
anekTpoHoB (4 —e)-pacnaaa .

ITocTaHoBKA 3KCNEPHMEHTA MO MOMCKY KOHBEPCHHM MIOOHHH — aHTHMIO-
OHMI M N3MEPEHUE BEPOSTHOCTH JITOTO NPOLIECCa NPoBEAEHO B TeueHue 1991
1 1992 ropos obbeamHeHHoM rpynnoi TAA® — OUAU na nyuxe “nosepx-
HOCTHBIX " MIooHOB dhazoTpona JISTT OUSH.
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Puc.). Cxema hopMmponaniis MyUYKa MOBEPXHOCTHLIX MIOOHOB

Jns GopMupoBaHHMA Ny4yka <«MOBEPXHOCTHBHIX» MIOOHOB MCROAL3OBA-
JACh LWHPOKOYTONbHAS MC3OHHAS MH3A MENULMHCKOTO Kanaaa [10] u no-
MOJHNTEALHAS MATHUTHAS CHCTCMA, T03BO/ISIOMAN NOAYYATh CCIAPUPOBAH-
HbIC Mc30HHbIE nyuku (puc.l). OcHOBHBIC MApaMETpPHl CCnapHpPOBAHHOIO
NYUKa «OBCPHOCTHBIX» MIOOHOB: uMiyasc 21,5 MaB/c; AP/ P = 7,71% ;un-

TEHCMBHOCTD (NIpK TOKe npotoHos 2,0 MxA) — 4,8 - 105 ¢, fIPUMECH MO3UT-
POHOR B MyuKe Ne+/N“+ == 2; paaMep nyuka (WHPHHA HA NOJYBHLICOTE) —

7x8 CM2; CKBaXHOC fh Iyuka 75%,.

Cxema 3KCrnepuMEHTAIbHOR YCTAHOBKH, IOKA3aHHAS HA PUC.2, COCTOUT
M3 TPAKTAa NYYKA «NOBEPXHOCTHBbIX» MW0OOHOB (), MumEeHHOro ycrpoiicTea
(I, marauTHoro cnekrpomerpa (I11). Tlagaommi my4yok M0O0HOS 3aMen-
ASACS ¥ OCTAHABJIMBAJICS B MEJTKOAUCTIEPCHOM nopouke Si0, ¢ TopMO3HOl
Tomunsoi 10 mr/cm>. 3aech (8 8i0,) obpasosnsancs mMivounit, Anddynau-
pylowit ¢ TEMIOBHMY CKOPOCTIMY B BAKYYMHY10 00,1aCTh, M€ H IIPOHCXO-
nuno Habmoaenue (M - M)-nepexoaa (obaactb B3aumoneiicTend, Bug A-A
Ha puc. 2). [locre npoxoxaenus okHa BakyyMHOHN kamepwr (100 Mxm Maiiaa-
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Puc.2. CxeMa DKCNEPUMEHTANLHON YCTAHOBKH N0 MOWCKY KOHBEPCHI MIOOHHS B AHTHMIOO-
Huit. C, C, — pasmelenibie B BAKYYME TOHKHME CUETYHKH (= 60 MKM) Anst perucrpanmm
«NOBEPXHOCTHBIX® Mi00HOB; C;, C,, C,, Cg — MOHWTOPHPYIOIIME CHETUHKH AJIA PETUCTPA-
uun noantponos; C,, Cg — cHETUUKM AIA PEFHCTPALMM NONE3HBIX cobeitui; TIK1, K2,
I1K3, T1K4 — nponopunoHanshble Kamepsl; Cu — megHbii puabtp

pa) MO3MTPOHB! WM 3NEKTPOHB (U —e)-pacnajga C 3HeprHeit B MHTEpBasc
36 + 53 MaB nabnronanucs ¢ NOMOLIBIO YETHPEX NPOMOPLMOHANbHBIX KAMEP
co cbemoM uHdopManun Ha avHuax 3agepxku [11 ). CarHaasl ¢ xaronos
MCPBBIX TPEX KaMEP HCMO/Ib30BaaMCh 1 GopMupoBanus GHICTPOTO TpHrTe-
pa. [llupoxoanepTypHBIH CHIEKTPOMETPHYECKHI MArHMT C TMONEM B LEHTPE
Maruuta 3,16 xI'c OTKAOHAN 3NEKTPOHE U MO3UTPOHH OT PAcnafa MIOOHA
B NIPOTHRONOIOXHEE Hanpasnenus, CUHHTHLISUHMOHHRH CYETHMK, pacno-
noxenubit 3a kamepoit [1K4, dopmuposan BpeMeHHOM CHrHA perucTpupy-
eMoro coGuiTia. $akToM perncTpauuu CoOHTHA B CNEKTPOMETPE SBALICA
OJHOBPEMEHHHI MPHXOA CHTHANOB OT TPEX KATOXOB NPONOPUHMOHANBLHEIX
kamep [TKI+11K3 » xByx cupnrninsumonnbix cuerumnkos Cg, C, (msTu-
KpaTHbIE COBNANCHHS BO BPeMEHHOM okHe — 30 He). JIng yMeHpHIEHHA Ky~
JIOHOBCKOMO paccesHus B npocrpaHcTee Mexay kamepamu [TK!1 u ITK2 #c-
TO/b30BANIOCH FEIUEBOE HanonHeHne. OCHOBHbIE NapaMeTPH CIEKTPOMETPA:
aueprernyeckoe paspeuienue 1,5%; addekTMBHOCTL perucTpauuy nosnT-
poHOB MM AneKTPoHOB ¢ = 0,98; npocTpaHCTBeHHOE paspelieHME TOUKH
pacnaaa Mi00Ha B 001ACTH B3aMMOAEHCTBUA *+3 MM; BPEMEHHOE paspelue-
HHe OLCTPOi 3MEKTPOHUKH = | HC.
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Pic.3. DKCHEpUMCHTANBHBIE CHEKTPLI PACIIPEUCACHHU PEIMCTPUPYCMBIX HACTHIL OTHOCH-
TEALHO HOPMAAK K N0BEPXNOCTH Si0,-MuieHN (BEEPXY) M HX DHEPIETHHECKOE PACIIPENC-
neHue (suvdy) ans noanTponos (cacea, N“+ = 3,9-10") v ans dnexrpouos (cnpasa,

N+ =83 10'%. Heurp muienn nmeet koopavyaty — 14 MM; 0 — uentp okha Bakyym-

HOH kamepni

Ins xaxporo coObITHS U3MEPAINCh KOOPANHATH YacThun (8 niiocko-
CTCﬁ), BPCMEHA NMPOXOXACHK YACTHUN MCXAY PazJNuHbMH 3MCMCHTAMH
ycTaHoBkH. [To H3MepeHHHM napameTpam 419 Kaxaoro CoOLTHA onpeacas-
JIOCh MCCTO Pacnafa MIOOHA, Yrib BXOAA M BRIXOAA NO3UTPOHA (I1EKTPOHA)
U3 CNCKTPOMETPA, BRUKUCAANACD SHCPIHUS 3aPErMCTPUPOBAHHON YACTHLH U
CTPOMJKCH OAHOMEPHBIE TMBO0 ABYMEPHHIE PACTIPECEH A N0 N3MEPEHHBIM U
BBIYHUCJICHHBIM nNapaMeTpaM agnd 3aJaHHBX H360pOB CTATHCTHKHK NO3HUTPO-
HOB M DJEKTPOHOB. B aHanM3e Taxxe MCNoMb30BaNNCh AMILIUTYAHLIC Pac-
NPpEeae/ICHUA C AHA/IONOBHX BHIXOAOB CUMHTHIUIALMOHHHX ACTCKTOPOB H Ka-
TOAHBIX YCHAHTENEH NPONOpuUMoHanbHuix kamep. Ha puc. 3 nokasaun nep-
BHUHME IKCMEPUMEHTANBHHE CNCKTPH NPH PErHCTPALMH CMECKTPOMETPOM
NMO3UTPOHOB M neKTpoHos. Ha puc.4a npuseneHo aetanbHoe pacnpenesie-
HHC NCPBUYHOIO CTIEKTPA 3/1€KTPOHOB BOH3U NoBepxHOCTH Si0,-MHwIEHN.

Kax nokasmBaloT npeamaymue uccrenosanna (7,12 ], Mwoouunii nocsae
ofpa3oBaHus SiO2 B MOpOWIKE 33 BpeMs XU3HKM MIooHa andpyHampyer Ha
paccroaume a0 40 MM ot L1ockocTu MuieHn. Ha puc.4a nokasana (otmeuc-
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Puc.4. [levansHoe pacnpeaeneHne CnexTpa INEKTPOHOB, NPUBEAEHHO~
ro ua puc.36, sbaman nosep:.HocTH Si0)-MuiweHn: a) nepauumbiil
cnexTp; 6) CnexTp 3NEKTPOHOB NPH HANOKEHMM OTPAHMUEHNIT HA BO3~
MOMHbIe 00aaCTH HHAR p IX M BBIMHCASEMBIX napamer-
POB A8 BCEA IWHMPHUHBI IHEPIETUHECKONO CNEKTPA; B) TO Xe B 3HEpre-
THYECKOM nHTepsane 46,5+53 MaB

Ha CTpesiKo#) 06.1aCTb NPOCTPAHCTBA OTHOCHTEILHO HOPMA Y K MHILEHH (Ha
paccrosuun 8 + 40 Mm or LEHTPAIBHOMN TUI0CKOCTH MUILIEHH) , TAE MPOHCXO-

AMT NOHCK CobuTHl (M ~ M)-xoHBEpCHH.
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OueBWIHO, YTO TMPH PETHCTPALMHA CIEKTPOMETPOM MO3UTPOHOB OCHOB-
Hasl vacTh 3aperMCTPUPOBAHHEIX YACTHIL CBA3aHA C PEAJbHRIMM MO3SHTPO-
HAMH OT pacnana ', OCTaHOBMBMMMHCA B 5i0,~ Mumenu, a noayyeHHHE
B IKCHEPMMERTE PACMPEAEIEHHS [0 YKA3aHHKIM BHILIE napaMeTpaM — ¢ ¢u-
3MYECKMMHM YacTMLAMM, IS KOTOPHX MOXHO TOUHO yKa3aTh ofjactu, B
npegesax KOTOPHX 3TH NapaMeTpsl MOTYT BaphupoBaThca. Ilpu permcrpa-
ILHH 3JEKTPOHOB, HA060POT, OCHOBHAS UACTh COONTHI CBS3aHA HE C peasib-
HEIMH YaCTHUAMH, 4 C YMAMH aNNnapaTypsi WK CO CYUaHBIMH 3a1yCKa-
MM NpH HANOXEBHMH COOBITHH M, €CTECTBEHHO, MMeer ClydailBhe pac-
npenesieHns Mo u3MEpSEeMEM B JKCriepuMenTe napaMerpam. Copnagaiomme
pacnpeaceHHS s BCEX M3MEPIEMBIX M BHYHCISEMEIX 1APAMETPOB Y 3J/IEK~-
TPOHOB M [IO3HTPOHOB GYNYT MMETH TOMBKO COORITHS, CBA3AHHBIE C MCKOMBIM
npoueccoM (M -» M)-koHBEpCHH, ¥ COObTHS, CBI3aHHHE C (PU3UUECKUM
doHom. Ha puc.46 u 4B noka3aHo, Kax MEHACTCH S5KCHEPHMMEHTAJIbLHMLIA
CNEXTP s SNEKTPOHOB MOC/E HANOXKEHHUS OTFPAHMYEHMI HA BO3MOXHHIE 06-
JIACTH H3MEHEHHS napameTpoB coOnTHil, OcHOBHHE xpuTEpHU 0TGOpP2 110-
AYYEHH M3 aHAIM3a SKCNIEPHMEHTAJBHOIO CNEKTPa i MO3MTPOHOB.
PucyHok 46 COOTBETCTBYET BCEMY IHEPreTHYECKOMY CHEXTPY 2AEKTPOHOB,
MpPONYyCKaeMOMY MATHHTHHIM CIIEKTPOMETPOM, PUC.4B — /1151 BHCOKOIHEPre-
THYHOFO KOHI1A CTIEKTPA 3/IEKTPOHOB B uHTepBane 46,5453 MaB. PucyHku 3
1 4 OTHOCSITCH K OAHOMY M3 HABOPOB CTaTHCTHKK, CIIEKTPH AN1S OCTANBHBIX
Habopos UMEKT NOAOOKKINA BUA.

Tonpo6Hoe onucaHUe METOAMKH IKCIEPHMEHTA, IKCHEPHMEHTAILHOTO
HCCJICAOBAHMS NAPAMETPOB YCTAHOBKH, Criocofa 0160pa noesHnx coGhlTHI,
3¢xbeK THBHOCTH MCMOAbL3YEMHX KpUTEPHEB O0TOOpa, 3KCIEPUMEHTAIBHOIO
HCCNEAOBAHMS , MOAE/INPOBAHUS H OLleHKH (DOHOBHIX npoueccoB OyaeT Haao-
XEHO B OTAEJIbHON pabore.

3a Bce BpeMa U3MePEeHHs NPOLIECCA KOHBEPCHM MIOOHHH — aHTHMIOOHHH

Ha dazotpone JIAIT OUSIU (=640 yacos HaGopa CTATHCTHKH) Yepe3 MHULIERD
npouwio 3,5 10! miconos. B nacrosuee Bpems o6paborano =~ 809, nonxoit
CTATHCTHKH (Nﬂ+= 2,9-10! 1). DJIEKTPOHOB, YROBJIETBOPSIOLIMX OMHOBpE-

MCHHO BCEM HANATAEMBIM KPHTEPHSM 0100pa B HHTEpPBAJlE JHEpPIVI
46,5+53 M3B, B yxasaHHO BuiLue 06ACTY B3aMMORCHCTBUSA HE 0OGHAPYXKEHO.
KonnuecrBo no3nTpoHOB OT pactiana MIOOHR B ATOME MIOOHHS ¥3 061a-
CTH B3aMMOJEHCTBMS, KOTOPHE PEUCTPHPYET YCTAHOBKA, ONMPEREASETCS
BHpAXKEHUEM (N +),, = Nﬂ+ W(e, AE)W), , TRe N+ — 4HCIO NagaowMx

Ha MHLICHb MIOOHOB, W(e, AE) — BEpOATHOCTb PEFHCTPALIMH NMO3HTPOHOB C
SHepruei B MHTepBanc AE CNEKTpOMETpoM, YAOBJIETROPAIOWIMX BHOPAHHBIM
KpuTEpHAM 0T6OPA; W, — BEPOSTHOCTE OGHAPYXEHHMS MIOOHMS B BAKyyMe
8 001aCTH B3aUMOAECHCTBHA HA OAMH NARAIOWUIA MIOOH.
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Bepoathocts W(e, AE) onpegensnach MOAEAHPOBAHHEM MpOLECCA Me-
ToaoM MonTe-Kapao n B yc/OBHSX HACTOSIMIENO IKCIEPHMEHTA AN HHTEp-

Basia 3Heprui mnosutpona 46,5+53 M3B cocrasaana 1,51-10_3. Bepost-
Hocts W, uccnenosanach Meronom [12]. Mioonw myuka perncTpuposa-
JIUCh CUMHTHJUISLIMOHHEM Cuetuukom C,; ¢ ToammuHO#i miactuka 60 uM n
ocTaHaBMBanuCh B nopomke Si0, (puc.2, A-A). [Lnst kaxnoro cobuThs pe-
TMCTPHPOBANACh TOUKA NPOCTPAHCTBA BAKYYMHOH 061acTH BOIM3M MHLIEHH,
Kyaa npoandxpyHIMpPOBaN MIOOHMI 10 MOMEHTA Pacnajfa MIOOHA, M HHTED-
BaJ BPEMEHH MCXKAY MOMEHTOM OCTAHOBKHM MIOOHA H MOMEHTOM PErMcTpa-
UMY MO3UTPOHA B CNEKTpoMeTpe. Buixon MuI0OHUMS B BAKYYM ONpEREiancs
M3 aHa/IN3a BPEMCHHOIO pacnpelc/icHHs MO3HTPOHOB (4 —e)-pacnana ans
Pa3NMUHEIX YYACTKOB BaKyyMHO#M o6nactv. JIns BEpOATHOCTH BHXOAA MIOO-
HUS B 001aCcTh B3aMMOAEHCTBHS, YKa3aHHON Ha puc.4, Ha OOMH ManaKoLIMit
MIOOH MOAyYeHa BesinuKHa, pasHas 0,030:0,003, uto HaxoanTcs B corna-
CHH C gaHHnMu pabor [7,12 ]. C nenabio nOBbilIEHHA ROCTOBEPHOCTH ITPHBO-
AMMOrO pe3y/ibTaTa NpH BHYMCIEHHH BEPOSTHOCTH Npouecca KOHBEPCHH UC-
NO/Mb30BAIOCH HUXKHEE 3HAUEHHE BETHUKHE W), paBHOE 0,027.

Takum o6pa3oM, npy NPoXoXaAEeHUH vepes pabouyio MUmeHp 2,9- 10"

MIOOHOB YCTaHOBKa perucrpupyer 1,18- 107 NMO3SUTPOHOB OT Pacnana MIOOHA
aToMa MIOOHHSI, HAXOASILErocs B 061acTH B3aHMOAEHCTBHS, KGTOPbE YAOB-
JICTBOPSIOT HaJjaracMbiM ycaoBusaM otfopa. Ionosuna i3 HuX HaxogMTCs
B COCTOSIHMM €O CMUHOM / = | M He yuyaCTBYET B NpOUECCEe KOHBEPCHH (MO~
OaBACHHUE CBA3AKO C HATMUMEM B 00AACTH MMILIEHY PACCEHHNX MArHATHLIX
noaeit |1 ).

HckoMyo BEpOATHOCTb NPOLECCA KOHBEPCHH MIOOHMI — aHTHMIOOHHH
(npu 909, ypoBHe BOCTOBCPHOCTH) cornacHo pacnpeaenenuio INyaccona Ha-
XOAMM M3 COOTHOMIEHUs W o < lnlO/l(Ne+)Mu-0.5] =3.9- 10'7, 4YTO CO-

OTBCTCTBYCT 3HAUCHHIO /11 KOHCTAHTHI NIEPEX0Aa MIOOHHH — aHTHMIOOHHH
R o,
GMﬁ <0,13:G(90% CL).

MonyueHHoe B HACTOSLUMX MCCAEAOBAHMAX HOBOC 3HAUCHME A9 BEpO-
ATHOCTH TIpouecca KOHBepcHH B 1,7 pa3 Ayume CywecTBYloWEH CeroaHs
ouckkn (LAMPF, 1991 — W, < 6,5-107790% CL).

ABTOpHW BbipaxaloT 6aaropapHoctb npogeccopy LL.J.Buuiosy, npodec-
copy B.IM1.IxencnoBy, M.I.CanoxhukoBy, [1.M.CennBepcToBy 3a HEH3-
MEHHWI HHTepec K paboTe 1 BCECTOpPOHHEE COASHCTBHE MPH €€ BLNOJHEHNH,
H.I'Wakyny, I1.T.LInwngHHUKOBY 33 OPraHU3auMI0 YCTOHYMBOM PaboThl
¢ha30TpoHa B AMTEABRBIX ceaHcax Ppusnvueckux namepenuii, C.B.Measenio,
A.Idon6unosy, B.[1.BonbHbix 32 OpraHH3aLMIO KOMIbIOTEPHOM CBS3H C U3-
meputeabiniM ueHtpom JIATT OUSIU, H.S.Apxunosoit, H.{.Boxpapio,
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B.B.Bouuny, B.B.Buxposy, C.C.Bonkosy, P.C.I'anenepunoii, I'.A.Tanxe,
10.C.I'puropeeny,  B.A.Xykosy, H.U.Xypassesy, B.I".3unoBy,
U.U.Knoukosy, [.B.Koasiikuny, C.U.Konenraposoi1, C.M.Kopenuenko,
JI.C.Kyauny, H.A.Kyuunckomy, B.B.Hemofuny, B.H.Hukyanny,
H.A.Naubko, O.E.[Tpokodbey, JI.O.Cepreey, U.M.Tkauy, A.U.Ouann-
nosy, E.[1.Uepesarenko, U.A.JOTnangory 3a nomolus npy nNoaAroToBKE 3KC-
nepumenra, C.Jl.Benocrouxomy, B.A Hukonnckomy, B.W.Komaposy,
3.A.Kypaesy 3a nonesHbie 00CyXaeHH.

JInteparypa

. Feinberg G., Weinberg S. — Phys. Rev., 1961, 123, p.1439.

. Pontecorvo B. — Phys. Lett., 1968, 26B, p.630.

. Derman E. — Phys. Rev., 1979, 19B, p.317.

. Cahn P., Harari H. — Nucl. Phys., 1980, 176B, p.135.
Kane G.L., Thun R. — Phys. Rev. Lett., 1980, 94B, p.512.
Jones D.R.T. etal. — Nucl. Phys., 1982, 198B, p.45.

. Huber T.M. et al. — Phys. Rev. Lett., 1988, 61, p.2189.

. Huber T.M. et al. — Phys. Rev., 1990, 41D, p.2709.

. Matthias B.E. et al. — Phys. Rev. Lett., 1991, 66, p.2716.

. Drukarev E.G., Gordeev V.A., Mikhailov A.I. — Preprint LNPI, 1987,
1317.

9. Drukarev E.G., Gordeev V.A. — Preprint LNPI, 1990, 1588.
10. AGasos B.U. u ap. — Coobucnns OUIH, 1990, 9-90-289,
11. Benocroukwii C.J1. u ap. — Mpenpuur JUAO, 1986, 1298.
12. Janissen A.C. et al. — Phys. Rev., 1990, 42A, p.161.

N -

00 -~ O Ln

Pykonucek nocrynwna 3 gespana 1993 rona.

74



Kpamxue coobuenus OHIH No 2{59]-93 JINR Rapid Communications No.2{59]-93
YK 539.125.46+539.128.2

U3MEPEHME PEAKIIMM ITOHTEKOPBOp+d—+»x™ + p
A9 AHHUTUIAUUHA
NOKOAINMXCHA AHTHUITPOTOHOB
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B.U.Tperbsk, U.B.Qanomkun
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A.Anamo, K.Kukano, A.Masoun, A.Ilyaay, C.Cepun, [I.Ycau
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Typun, Utanus

®.Banecrpa, I.K.Bonauuona, T.Bpeccauu, M.I1.Bycca, JI.Bycco,
P.Tapdanunuu, A.I'pacco, I1.dxnanorru, . dsocu, @.11'HUcen,

I .Kanbso, [T.Uepenno, C.Kocra, A.Maaxopa, C.Mapuenno,
N.Mauuuepn, I'.Iupanxuno, E.Pocerto, ®.Tosemno, Jl.daga,
A.®enanyenno, J1.Qeppepo

UhcturyT dpusnku Typurckoro yHuBCpcHTeTa,

cekuns MHOH B Typuue, Typun, Utanus

Jl.Bentypeanu, A.lonzenna, M.Koppaguuu, U.Jlogu-Puuyuunn
DakyAbTCT INCKTPOHUKH H aBTOMATH33UKMH YHHBepCcHTETa Bpewun,
cekunss MHOH B Typune, Bpeuus, Utanus

H.Benanwonn, A.3enonn, [1.MouTanss, A.Potonan,

[1.Canbsuuu, B.Ouaunnuun

QakyabTeT aepHOit 1 TcoperHueckoit husuku yHusepcutera [Nasuu,
cexkuus HH®H B Masuu, MNasua, Uraausa

A.Beprus, M.Bpyckn, C.Bexkn, M.Buina, A.Burane, 1.Fannu,
C.0e Kacrpo, A.lzokxoau, M.Kannoun, Y.Mapkoun, U.Macca,
M.[Tuuuununn, H.Cemnpunu-Ueaapu, [1.Cauru

Ousuvecknii hakynbrer yHusepcutera BoaoHbH,
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I1.Bokauuno, JI.A.Bauyyun, II.Benosaro, ¥.I'acranbau,

M.Jlombapan, [.MapoH, P.A.Puyun _
Hauunosansuas aaboparopun UHOH B Jlenbapo, JleHnapo, Utanus

K.T'yapansbno, A.Jlanapo, B.JIykepunn
Haunonaapnas na6oparopna MHOH so ®Opackaru, Opackaru, Hranus

J1.B.Mapraranorry, [d.TTaynn, C.Teccapo
WUucturyT dusuku yansepcutera Tpuecra, cekuns MHOH B Tpuecre,

Tpuect, Utaansa

M.Mopauno
O®uanveckuii pakyavrer yunsepeuteta [anyn,
cexuus MHOH s Ianye, Nanys, Utanus

M.Noau
®akynbrer 3HEpreTHkH yHHBepcHTeTa Oaopennun,
cekuns UHOH B Bononne, Bosonnsa, Hranus

JI.Cuntn
MuctutyT pn3vku ynusepeutera Yuno,
cexuns MH®H s Tpuecre, Yauso, Utanua
TIpencramnenbs PEaysbTaThl HOBOTO HMIMEPECHHS BEPONTHOCTH PEaKLHH
P +d-a”+ p AN aHHUMMASLMK NOKOAWMXCS auTunpoTonos. Hafineso 77
COGbITHIA RAHHOH peakumM B PAINBIX KOHGDHUIYPaUMSX TPHITEDA, YTO COOTRET-
CTBYET BEPOSTHOCTH

w (5 +d->a+ p) = (120 £ 0.14) 1075,

Moayueno nepeoe ykasanuwe Ha Habawopesne peaxumn llontexopso
prd-p +p.
PaGota spinonnena 8 JlaGopatopum saepusix npobaem ONSH.

Mecasurement of the Pontecorvo Reactionp + d »n"+ p
for the Antiproton Annihilation at Rest

V.G.Ablcev et al.

We presented the results of the new measurements of the reaction
p + d - x” + pfor the antiproton annihilation at rest. A 10tal of 77 events of this
reaction have been found in different trigger configurations. The branching ratio
of the reaction is

W(p+dsa+p)= (1:20 £ 0.14) - 1075,
The first indication of the obscrvation of another Pontecorvo reaction
p +d - p~ + pwasobtained.

The investigation has been performed at the Laboratory of Nuclear Prob-
icms, JINR.
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l. BreaecHue

Cnextpomerp OBELIX [1 ], reficTByoumii Ha BLIBEACHHOM MYYKE Ha-
konurenss LEAR s LIEPH, npeanasnaueH ang usyueHust aHHUIWISILMM aH-
THNPOTOHOB M AHTHHCHTPOHOB A1 Lie/IeH ME3OHHOM CNEKTPOCKONHKH, a Tak-
Xe AN MCCNENOBAHMSI PAZNMUHBX IK30THMECKMX KAHAJOB aHHHUIMJISLHHN
AHTHNPOTOHOB ¢ aapamu. K HactoaweMy BpeMenn HabpaHo okono 25 M-
JMOHOB COOBITHI pp— M Ap—AHHMIWIALNK C Pa3TIMUHBMH Tpurrepamu. B
AAHHOM COOOMICHMM MPUBOATCH PE3yAbTATH W3MEpEHMi BEPOATHOCTH pe-
akunu [Tontekopso

p+d-n+p n

NS AHHUCKWISUMH NOKOSINXCSA aHTHIIPOTOHOB.

B.M.ITonTtekopso euwe B 1956 r. [2] obpaTiun BHMMaHHWE HA BO3MOX-
HOCTb HETPHBHMANLHHX PEAKUHil AHHMUCIISAUMM, KOTOPHE 3anpeuweH Ha
cBOOOAHOM HYKNOHE, HO PA3PELICHH HA HYKJIOHE, CBS3aHHOM B aape. Ilpu
O0bLIVHON ARHUMWIALLMM AHTHNPOTOHOB HA HYKJIOHE BCEraa J0MXHb 06pa3o-
BBIBATHCA KAK MMHHMYM BAa Mc30HA. ONHAKO B aHHUTWISLMH aHTHIPOTO-
HOB Ha APAX BO3MOXHLI PEAKIMH, KOTIa B KOHEUHOM COCTOsIHMM o6pasyer-
€Sl TOALKO OIMH ME3OH, HANpUMEp

p+d->n%+n, @
»>n+an
p+d-K"+%7, 3
HAH AHHUMHNALUHE, KOrAa B KOHCYHOM COCTOSHMH COBCEM HCT MC30HOB:
p+°He»p+n, )
7+ He » p+p. (&)

K coxancHuio, akcriepuMenTasbHan uHopmauus o peakuuax [loure-
KOPBO OucHb ckyaHa. Peakuus (1) Habnroganach a4 aHHUTHASLHE [TOKOSI-
WHXCA AHTUAPOTOHOB [3—35) M ObiI0 M3MEPEHO, 4TO €C BEPOATHOCTDb
W(n™ p) HaXORMTCA HA YPOBHC HCCKONBKMK CAMHMLL HA 1075, Peaxumuu (2)
HeAasHO oGHapy keHn koanabopauuen Crystal Barrel [6 ). B akcnepumenTe
[4 | 6110 NOMyUEHO BEPXHEC 3HAYECHHE ANR BEPOATHOCTH peakuun (3) any
nokoswmxcs anTunporonos: W (K13} <8x 1078, Peakumu Geamesonnoii
aHHUrUAAUMKH (4)—(5) 10 cux nop He naGmonanuce,

UHTepec k u3yuchnio peakunii [IOHTEKOPBO MOTHBHPOBAH TEM, YTO Ta-
KHE MPOUCCCH YYBCTBHTCALHB K NOBEACHHUIO BHICOKOMMNYALCHOH KOMNO-
HCHTHI BOHOBOM hyHK LIHH SADa, TIC HCHYKJIOHHBIC CTENECHI CBOGOAK! ROMXK-
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Hbl NTPATh BAXHYIO poab. B cTannaptHom noaxone peaxunn (1) —(3) mMoxro
PACCMATPUBATD KaK ABYXCTYNCHYATHIE MPOUECCH, MOKA3aHHBIE HA AMarpam-
max puc.l. [Tocne aHHHUTUNALMHM AHTUNPOTOHA HA KAKOM-AMOO HyKJIOHE
AEHTCPHA POXAAIOTCS SBA BHICOKOIHEPrUUHBIX ME30HA € T, = m,,, a 3aTeM

OMH W3 ME3OHOR NOIVIOWAETCH HA APYTOM HYKAOHE AcihTepns. fcHo, yTO B
TAKOM APOLCCCE HEBOIMOXHO TOOMTLCH COXPAHCHUA JHEPIUH-UMITYIbCA HA
Kaxmoit CTaguM H BHPTYANHHOCTb HACTHL B MPOMEXYTOUHOM COCTOSHHMU
R0AXHA GWTb OuEHb BEaMKA = m,. [103TOMY NaHHME PCAKUMH JOJKHBI
OhiTh OUCHD UYBCTBHTCABHB K MAJbIM MEXHYKJIOHHBIM PACCTOSHMAM B ACH-

TPOHL.
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Puc.1. Qnarpammns peaxunn [lonrekopeop +d + M + N
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ITO 3aKTOUCHHC MOITBCPKALCTCS PC3yAhTaTAMH KOHKPETHBIX BbIYMC-
acavii peakuuit (1)—(4), koropeie Gbliin cacaansl B paborax |7--9]. Oxa-
3a/10Ch, UTO BEPOATHOCTE pedkumil [TOHTEKOPBO CHABHO 3aBUCHT OT BHIGODA
ACHTPOHHOM BOAHOBOH thywkuuu. TTpuuem MoxHo caenath BuiBoa |7 ],
4TO CTAHAAPTHOC PACCMOTPEHUC HA OCHOBE AMArPAMM DHC.' NPHUBOAMT K
MANbiM 3HAYCHHUAM BCPOSTHOCTH pCakumyu (1) (Ha ypoBHC HCCKOABKMX

cannm Ha 1079,

CywecTBYOT aAbTCPHATHBHAIC NOAXOMIbI, PACCMATPHBACMEIC B paboTax
{10—13]. Tak, s {10 ] paccupsTana sepoaTHocTp peakumii (1), (3) 8 Mogean
ucnapenua gainepbond ¢ vedyaesniM 0apHOHHBIM 3ApsaoM. JT1a Moacah
NPCACKA3BIBACT, YTO BCPOSTHOCTb peakuuu (3) noaxua GhiTh HA YPOBHC

= 10—6, T.C. UYTh-UYTh MCHbIIC CYWECCTBYIOUWCTO JKCTICPUMCHTAABHOTO
npeaena. 3ToT BhBOY PC3KO KOHTPACTUPYCT ¢ NPCACKA3aHHAMW MOACICH Me-
pepaccesius, kotopwic aawt W (K X7} = 1078 [7,8 ). Utobnm nonyuuts
IKCMCPHMCHTAABHOL 3HAUCHHE BCPOATHOCTH peakumu (1), neobxoamumo
npeanoaoXuTh, uto daiepbonut o6pasyores B 10, Bcex coOuTHEl annn-
TUASUHA,

B apyrom noaxoac [11,12) peakumu TToHTEKOPBO paccUUTHIBANMCH Ha
OCHOBC HAGIOPMALMH O KPOCCHHI-TTPOLLCCCAX, ¢ HCNOAB3OBAHMCM AND0 MeTO-
aa «KBasuactaiabHoro Gananca» [12], 1nbo Gosiee npoABMHYTON TCXHUKK
pacucTa peaxesckux amarpamm [11 ). B pa€ore |11 | npeackaswiBacTesi, uto
BCPOSTHOCTH NPOLLCCCOB (3) 201X HA GbiTh MEXKAY OATHMHUCTHUYCCKHMH OLICH-
kamu {10 ] 1 TeMm, wTO CACAYIOT M3 IBYXCTYNICHYATBIX MOAcAcH |T—9 .

B npunuMne, MOXHO paceMaTpuBaTh peak Mk [TOHTEKOPBO B TCPMHHAX
KBAPKOBBIX JHArPAMM, AHANOMMUHBIX NPUACACHHOW HA PUC.2, KOTIa AHTH-
KBAPKH AHTHIIPOTOHA AHHUIWIMPYIOT ¢ kKBapKamu ofonx HykaoHos. Onpe-
ACACHHBM WAr B TOM HANPaRACHuUYM 6ma caenan B pabore (13 ], B xoTopoii
PACCMATPHBANOCL BAMSHHC NPHMCCCH MHONOKBAPKOBBIX KOH(Mrypauuii B
BOIHOBOH (DyHKIMM neHTpoHa.

Oka3210Ch, UYTO BBCACHMC NPH- -~
Mccu 6g-coCTOAHMI HA YPOBHC | X
0,3% NMO3BOJACT  NONYUHTH —_—

BCpoATHOCTE peakuuu (1), koro- 0——-—-—]

PaA CORTIAAACT € IKCNCPUMCHTAND- i

HbIM JHAUCHHUCM. ..___I
Baxuo aametuTs, uTO onpe-

acacuue peakunit TonTekoppo p P
Kax MnpouccCcoRr, 3anpeUiCHHBIX
NPH AHHHTHAAUMK HA CBOBOIHOM
HYKNOHC, HO paspCUiCHHBIX HA  pye 2. Knapkouas warpasss peakusi |lomie-
CBA3AHHOM HYKJOHC, OXBRATHBACT hOPBO
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AOBOJNLHO WIMPOKMI KJace npoueccoB (cM. Bonee noapobHwmit awanius B
114 }1}. D10 He TonbKO Ge3Me30HHaS AHHHIHAALMA (4) —(5) MAH OAHOME30H-

Has AaHHHIMWIAUHA THIIA
P+d->M+N, ©)

rac M — moboi Me3oH, HanpuMmep 7, P, @ ... T.A. (CM. AuarpamMmy puc.16).
K peaxunam [TOHTEKOPBO OTHOCATCA TaKXKe PEAKLUMH C POXKACHUEM pe-

30HAHCOB
p+d->M+ N, ¥))

rae N'— moboi Gapuonnmii pesonanc, Thna A(1232) nan N(1540) (cm.
auarpammy puc.1B).

B npuHuMne kK peakuusam ITOHTEKOPBO HYXHO OTHOCHTH BCE TPOLECCH
Tina (6) wan (7), B KOTOPHX XapaKTEPUCTMKH ME30OHHON cucteMbl M (Ha-
npumep, ec¢ pdeKTUBHAA MACCA) OTIMMAIOTCH OT TEX, KOTOPHIE BO3MOXHbi
NpN aHHUTHASLUMH H3 CBOOOAHOM Hyk/IOHe. [lepBhie OLEHKH BEPOITHOCTH
peaxuuit [TonTekopso (6) ¢ pazHBIMU ME30HAMH B KOHEYHOM COCTOAHMH Obi-
U caenaHsl 8 pabote [15). Belio npeackasaHo, YTO BEPOSTHOCTb PEAKLIHM
7+ d »p~ + p MOXET 0Ka3aThCa B 1BA pa3a GobuicH, ueMp + d » 7~ + p.

CyMMHpYysl CYIIECTBYIOIYIC IKCMEPHMEHTANLHYIO M TEOPETHYCCKYIO
CHTYauMIo ¢ peakuusmu [ToHTEXOPBO, MOXHO CKA3aTh, YTO TAKHE HCCAENO-
BaHNA HeoOXOAMMBE /1Sl BBISICHEHUS POTM HEHYKJIOHHBIX CTEneHel caobeant
B aeitpoHe. [Tockonbky peakuun tina (1)—(2) gBasioTca NPoOCTEHILUMH
PEAKLIMAMH XBYXUACTHYHON AaHHUTHISLMM, MOXHO HAAEATHCA, Y0 MX H3Y-
YCHHE OKAXETCH MOJE3HBM A9 U3YYEHHS MPOUECCOB ABYXHYKIOHHON aH-
HHTHAALLMH BHTUIIPOTOHOB B AAPax.

2. BKCHCPKMGHTaﬂbHaﬂ YCTaHOBKA

OBELIX — 3T0 MarduTHblit CHEKTPOMETP A5 PETHCTPALIMM 3aPSXKEH-
HBEIX M HEHTPanbHHX uacTyL,. OH COCTOMT M3 YETHPEX NETEKTOPOB, pasme-
MEHHBIX BHYTPH M OKOJIO OTKPHITONO MATHUTA ¢ AKCHAJIBHBIM 110JIEM
(OAFM), xoroprtii o6ecneunsaer noae 0,5 Ta B ofveme = 3 M (puc.3). Hde-
tekTopnl OBELIX TakoBmi:

1) SPC — cnupa/ibHag NPOEKUMOHHAs KaMEPAa — BEPIIMHHBIA AETEK~
TOp, KOTOpWiH aaeT HHPOPMALMIO O TPEX KOOPAMHATAX A/IS 3APANECHHBIX
TPEKOB M MOKET PErMCTPUPOBATh PCHTIEHOBCKHE KBAHTH

2) TOF — cuctema ans waMepeHus BPEMEHU NPoaeTa — AB3a KOaKCH-
AJbHHX LHIHHAPA TUIACTHKOBHX CUMHTHIATOPOB. BHYTPEHHMH uMAnHAD
cocTOHT M3 30 cueTuMkoB, pasMENICHHEX B 20 CM OT OCH TyuKa, BHEWIHHIA
LMJIHHAD COCTOXT H3 84 CUETUMKOB, PACMONOXKEHHBIX Ha paccTosaHuun 140 cm
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Puc.3. Cxema ycranoskn OBELIX (cM. onucanve OTAENBHBIX AETEKTOPOB B TEKCTE)

OT OCH nyuka. XapakTepHoe BPEMEHHOE pa3penieHHe CHCTEMBI COCTABIAET
500 nc (FWHM);

3) JDC — crpyitHas ppeiidpoBas kamepa (MCONH30BAHHAsA paHee B
axkcnepumente Ha AFS-cnexrpomerpe 8 LIEPH) — usMmepsier yrau u um-
NYJAbCH YAaCTHL, 3 TAKXE N03BOJLET NPOBOAMTL HACHTH(MHUKALMIO YACTHIL 110
namepennsam dE/dX. lerextop COCTOMT M3 ABYX LIKAMHAPHUECKUX MOJOBH-
Hok (160 cm B Auamerpe u 140 cM pymHoit), umeer 3380 uyBCTBHTEIBHRIX
NpoBOJIOYEK, OObeMHEHHWX B 82 a3MMYTaNbHHX CEKTOPA 1O 4° KaXXKAHid.
CekTopH, B CBOIO OYepeab, 00bEHHEHH B TPH IMIHHAPHYECKHX CI0S1 — KO-
ponntl. Chem uHdopMauuu uaet yepes 100 MI'y, 8 6ur FADC-cucteMy cuu-
THBAHHA ¢ OOOMX KOHLOB MpOBOJOYEK. XapaKTepHOoe NMPOCTPAHCTBEHHOE
paspelieHuUe cocTaBaser o, = 12 MM, o, o= 200 mxm. PaspemeHue 1no uM-

nyJbcaM, Kotopoe 6wo uamepeHo npu 928 MsB/c ans MoHOPHepreTnue-
CKHMX MHOHOB OT PEAKIHH pp —» at n~, coctaswno 3,5%,.

4) HARGD — perexTop raMMa-KBaHTOB — 3JIEKTPOMAarHMTHHH KaJo-
PHMETP, COCTOAIIMI M3 YeTHpeX MoayJeil U3 mwiockoctei (3x4 Mz) CTpH-
MEpPHHX TPyGOK, NPOCAOEHHHWX CBUHLIOBNMH JTUCTAMH.

Bo spems Habopa npeacraBaseMbiX B 3TOM CTaThe JAHHHX ACTEKTOPH
SPC u HARGD ne 6mnu OT1aX€HH B NOMHOM Mepe, B nHPOPMALUs OT HUX
He Obina uenonb30BaHA B HACTOANIEM aHANM3E,
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3 AHTUDNPOTOHS € MMILYJILCOM
105 MaB/c ot LEAR ocrasasnu-
BAJIKCE B LUAIHHAPHUECKOMH ra-
1 30Boi1 MUIIEHW, HANONHEHHOMH
aAeiltepueM npu armochepHoM
napacHuM. JIn1MHA MHWIEHH CO-
1 crapnana 100 cM. Pacnpenene-
HHE BEpIIAH AHHHTIWIALUHH 1O
OCHM Myu4Ka NMOKa3aHo Ha puc.4.

0 1 MoxHo BHAETH, YTO AHTHNIPOTO-
wolb {  HBI OCTAHABJIHBAIOTCA B JOBONb-
HO OrpaHMYEHHOMN 00AaCTH OKO-

P T RN TR eTh——~3 JI0 LUEHTPa MHIICHY, IMHPHHA

z pacnpefesieHis Mo OCH MyuKa
Puc.4. Pacnpeacaenue BEpmMH AHHHIMAALMK O cocTaBsSeET o = § CM.
z

ocH tyyKa Tpurrep 66U BHGPaH TAKHM

obpasom, utobn oTOMpaThL nBe
3APAXKECHHBIE YACTHI, JIETAMHE APYT APOTHB APYra C GONbUIMMH UMY Th-
camu. OTHOCHTENBHOE NONOXEHNE ABYX nonoskHoK JDC 610 cneuyansno

OTLIOCTHPOBAHO 1O COGLITHAM OT peakuun pp > %" 7~ , KoTopue Ghny Ha-
GpaHm B TOT Xe nepyoa BpeMeHH. ITH Xe NaHHbIE UCNOIb30BAINCD )19 Ka-
nubposku cucremu TOF.

Briio ucnonb3oBaHo aAse KoHbUrypauum Tpurrepa.

Tpurrep A — tpeboBanoch, utobn BxoasnMil B MHIIEHb AHTHNPOTOH
AaJ COBIIAACHHE CUrHAMOB B TOHKOM (100 MXM) MyuKX0BOM CUMHTHJLIATOPE H
CUETYHMKOB BO BHYTPEHHEM H BHewHeM cioax cHcrembt TOF, BKIIOYEHHNX B
Tak HasbiBaeMywo back-to-back koppensumio. Back-to-back koppeasuns
ONpeRENANACD CHEAYIOUHMH TPEOOBAHHSIMH;

— TO/IBKO ABA OTCYETa BO BHyrperHem cnoe TOF mexny mpornsoro-
JIOXHBIMH CUETUNKAMH, BHOPAHHHIMY 110 NPaBuay «OAHH — Tpu». To ecTh
€CJIM YACTHILA NOMAana B ONKH CYETUHK, TO APYras 4acTHI(A 0JIXKHA BH3BaTh
cpabaThBanue MobONO N3 TPEX CUETYMKOB, JICKALIMX HATIPOTHB NICPBOTO.

— TONBKO ABa cpabaTupanns so sHewneM cioe TOF, rae B Tpurrep 6u-
JiN BKJIKOUYEHH JBC rPyNIH CYETUHKOB, 0 AB3 CUETHHKA B Kaxaoi. [lonoxe-
HHE ITHX TPyIN cYeTYHKoB Gu0 dukcupoBaHo.

Tpurrep B uMen Takue xe ycioBus ans suyrpernero TOF, kak v Tpur-
rep A. CTaHYHE ero COCTOLIO B TOM, UTO BO BHewHeM choe TOF Guin akTH-
BHPOBAHLI ABE IPYNNH H3 TPEX CUETUHKOB B KAXKAOH.

BaxXHHIM OTAHUYHEM IKCMICPUMEHTANLHHEX YCI0BHH npu pabore c Tpur-
repamu A 1 B Guu0 TO, uTO NpH Habope CTATHCTHKY C TPHITEpOM A KaMepa
SPC 6naa yGpana u samenena Gonbnoi [eHTepHeBOM MULIEHBIO AMAMETPOM
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30 cMm. TloaTOMY AAS AAHHBIX, HAGPaHHLIX C ITHM TPUITEPOM, He GBUIO Npo-
61eM C aHHUTHASUHMElH HA cTeHKaX MumeHn. JauHnie ¢ Tpurrepom b moayue-
HB C MaJIOH MHMIDEHbIO (AMameTpoM 6 cM), rae HeKOoTopas Yacth arHUIMMIS-
LMt MPOUCXOAKNA HA CTEHKAX MHIIEHH. K cUacTbio, MOXHO 6hLiIM BRIAEAUTD
AHHUTHWASLMH Ha Mail1ape MUIIEHH KaK MO H3MEPEHHIO NOJIOKEHHUs BEpUIM-
HH, TaK ¥ no nHGOPMALMH O BpEMEHH NposieTa BO BHyTpeHHeM cioe TOF.
TpoayKTH aHHHMWIALMH AHTUNPOTOHOB, OCTAHOBMBUIMXCH B ra3e, JOCTHIa-
10T CYETUYHKOB BHyTpeHHero ciog TOF nosxe, ueM yacTvuH OT aHHUIS-
LMY HA Maiinape. J1a 3aAepXKa, CBA3aHHAS C BDEMEHEM, KOTOPOE @HTHNPO-
TOH TPaTHT HAa KacKaj B aTOME, CyLIECTBEHHO MOMOTAET NPH BhACICHHHM CO-
6niTHIl aHHMIUASUMKY B rase. JJs noaaBAcHUS aHHMIWISLUMM Ha Mailrape
CHIHAJI TPUITEPA BHPAaGaTHBANCS B BOPOTAX JTHTENBHOCTDIO 15 He, KOTOpHIE
6BUIM CABUHYTH NO BPEMEHH TAKMM 00ap3oM, uToOB He 3anyCKaTh YCTAHOB-
KY OT OLICTpBIX AHHHIWISALMIA HA Mailape. 3TO NPUBOAKIO K JOBOJBHO CY-
IIECTBCHHOMY CHHXEHHIO CHIHAJIOB OT aHHMIWISLMHA Ha Mailiape A0 y pOBHS
4%, ot Bcex cobpiTHit aHHUrMASUMH. Be3 HCnonb30BaHHUA TAKOi CXEMBl Bbi-
paBoTKH TPUITEPHOrO CHIHANA NPOUEHT COORITHI, B KOTOPHIX AHHUTWASALMS
MpPOM301LLIA Ha Mail1ape MMLIEHH, coctasiser 17%,.

Bcero 6nu10 Ha6paHo 6,5 104 cobwuii ¢ TpHrrepom A, 6,4- 10* cobmThii

c TpurrepoM b n 6,5+ 10* coBmTHIT ¢ MUHMMATBHEM TPMITEPOM, KOTAa Npo-
€10 TPeGOBaNOCh, YTOOH AHTUNIPOTOH BOLIES B MALUEHD.

3. AHanu3 KaHHBIX

3.1. [Mpouenypa nacHTndHUKALMHN peaK Ll

Mpu pekcHcTpykumn cobuituii TpeGosanoch HaTHUKE BepUIMHE B 00/1a-
cr¥ Mumend. Ecau npu ¢uTHpoBaHKK TpekoB GbLI0 HEBO3MOXHO onpene-
JINTh KOOPIMHATH BEPUIMHBL, YTO YACTO MPOUCXOTIIIO U3-3a BHICOKOI cTene-
HH KOJUTHHEAPHOCTH M3yyaeMblX TPEKOB, TO MapaMETpL TPEKa Onpeaens-
JIKCb MYTEM FKCTPANOJKPOBAHHI B TOUKY, MHHMMAILHO OTCTOHIUYIO OT OCH
nyuka.

PaccMaTpUBanuCh TOABKO COOHITHA C ABYMS TPEKAMM OT YaCTHLL C MpPo-
THUBONOJIOXHBIMH 3apagaMu. K kauecTBy TPeKa npeabsBasLIuch CENYIOHC
TpebOBaHUS:

— nnauHa Tpeka L nonxxa 6uith L > 50 cM;

— TPEK AOXKEH NpoiTH uepes Bce TpH Kopon:d JDC (T.e. uMeTh noasp-
HBH yron © > 41°).

Cumyauposanne no Monre-Kapao nokasnisaer, yto TpeGOBaHHUIO K Ka-
yecTBy Tpeka ynosaersopsaior §1 (64) % coGuTnit oT peakunn [ToHTEKOPBO
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ans tpurrepa A (B). Brina BeefeHa Takxke NONMOJHHTEIbHAS KOPPEKIMA HA
TO, YTO TPeK MOXeET GHTH MCKYCCTBEHHO YKOPOUeH G0 u3-3a HeaddekTun-
HOCcTH nocheauel Kopoust JDC, nubo n3-3a neadbex THBHOCTH nporpaMMul
PEKOHCTPYKLMH. DT Koppexuug okasanach passosi 0,84,

TpeGoBaHHIO KauecTBa TPEKOB yaosaersopaior 32098 cobnruit ¢ Tpur-
repoM A ¥ 21565 coburruii ¢ Tpurrepom B.

Cobutus ot peakuun IToHTEKOpBO MMEIOT OYEHB ONpeEAcAECHRNE TIPH-
3HAKM: NPYU AHHEMWIAWHH B IOKOE MMAYJbCH JT—ME30Ha H MPOTOHA XOKHH
OniTb pasHu 1,246 I'B/c, a yron Mexay numu gorxen 6u1s 180°. Ecth niBe
PCAKLHH € HECKOILKO NOXOXHMMH KHHEMATHUYECCKUMH XapaKTEPHCTUKAMH Y
3apAXEHHBIX YaCTHIL:

p+d->nt+a +n, ®

PHd-K '+ K +n, 9

ITpH aHHArUISHMHA TOKOAMXCA AHTHIIPOTOHOB Ha CBOGOZHOM NPOTOHE

B asa 7 (K)—Me3oHa MX MMAyAbCH (ukcuposaHun p = 0,928 I'aB/c
(pK= 0,8 I'sF./c), H yacTHUN pa3neTaTcs B CTPOro NPOTHBOMOMOXKHOM

Hanpasjenun. Korna p aHHMrWIKMpyeT Ha NPOTOHE, CBA3aHHOM B SAPE OeH-
Tepun, hepMH-aBHXEHHE PA3MBIBAET HMITYJIbCHOE pacnpeaeieHe Me30HOB
Y pa3pyliaeT KO/LTMHEAPHOCTh pasjera.

1200

T
P (Iove)

Puc.§5. MMnyabcHoe pacnipenciieHne NoSOMMTENbHO 38-
PANKEHHLIX UYACTHULL B KOUIMHEapHolx ¢06.itvax (yron
MEXAY AByMs Tpexamu © = 175°). Ha spe3ke fiokazana
BLICOXOMMNY.ILCHAS YACTE CNEXTPA
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Ha puc.5 nokasaHo umMnyJibCcHOE pacnpefcacHue NoN0KATENBHRX Yac-
THIL AN8 KOJUTMHEAPHHX coOuTHIl (C yrnom pasiera 8,, 2 175°). Moxno

BHIAETb oT4eTuBHI nuk npu 0,93 3B/ ¢ or aHHMMASLHH pat x7, atakxe

HeKOoTOpY10 cTpyKTYpY tipn 0,8 I'3B/c oT aHBMrmAsuML 8 K tK.

Bunes takxe HekoTOpuit cmrHan or peakuuu [Tonvexopso (1) npu
1,24 TaB/¢ (cM. Takke BCTABKY HA PHC.5, Ifie NOKA3aHa BHCOKOMMIY.IbCHAS
Y4acTh CNEKTpA).

Ha puc.6 npencrasned AByMepHhIii rpadMK HMITYJIbCOF NMOJIOXHTE/b-
HHIX ¥ OTPHMHATEIbHBX YACTHI, B KOJUTMHEAPHHX COOTHAX. BIaHO, uTo co-
6biTHS € NPUGANZUTENBHO OIMHAKOBHMH MMNYALCAMHE Y 0GEUX YaCTHIL aK-
KYMYJIHPYIOTCS B ABE 00N3CTH, cooTBETCTRYI0mHE peakuuaM (8) u (9). Pas-
JIHUMMA TAKXKe TPETh 001aCTh, ¢ CymMECTBEHHO MEHbIIMM YHCJIOM 4acTHI,
KOTOpasi COOTBETCTBYET peakuny (1). Buaso, 4To OHa X0pOIIO OTAEEHA OT
apyrux obnacreil. Takoe OTCYTCTBHE CHALHONO (IOHA OOAEIYACT NPOLERYPY
HACHTHHKALMH,

Kpurepuu oropa peakunn Iontekopeo Bubupammuce Takum obpasom,
yTOOH uepe3 KHHEMATHYECKHH (PUT MPOXOAHIO KaK MOXHO BoJbuie noses-
HBIX COOBITHIA, @ (DOH NOAABNSICA HA OCHOBE AOMOMHUTEALHBIX (PU3HUECKHX
KpHMTEPHEB. BRIN HCNOB30BaHN CAERYIOMME KPUTEPUM OTOOpA:

LA [N ARt A o wan Seae S e e et ioet M e by e B S M s Bt
}
~ 14 1
o t .
2
a |
[ r
121 -1
1
3 ]
A ]
08 -
06 m
i a PR S 1 PR G 1
0.5 0.8 1 1.2 1.4

OTPIIATRABHAS TACTIIIA P (TeB/c)

Puc.6. JByMepnoe pacnpeaeseHne no UMIyabCaM NofoXUTE b
HbIX Y OTPHLATENbHBIX HACTULL Y KOLIMHER PHBIX COOLITHIY
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1) Yrobw noaasuTh OH OT KaHana =¥ n, BEPOATHOCTH KOTOPOFO Ha
/B3 NIOPSNKA NPEBHIIAET BEPOATHOCTh HCKOMO# peaxuun TTonTexopso, Gu-
au orobpann cOONTHE, V1S KOTOPHX BEPOSITHOCTh THIOTE3H " n* ncocras-
asna< 1078,

Dromy ycrosmio yaoenersopsut 106 coGuituit n3 Tpurrepa A (61 cobui-
THe Ans Tpurrepa b).

2) Ins ganbueitmero orGopa ucnons3oBanack HHGOPMaHs 0 BPEMEHM
nposieta yacrul. Iockonpky ckopocTh JT-Me30H0B ¢ uMnyabcamu > 1 'aB/c
ectbf§ = 1, af npoToOHOB C TAKMMH Xe uMnyabcamy coctaader = 0,8, 6uin
BBEJICH KpuTepHii 0TO0pa A/ CKOPOCTH NMOMOXUTEBHO 32PSKCHHON HacTH-
un ¥ <0,9.

Kax noxaswupaer cumymposasnue peakuuu (1) no Mowre-Kapnao, 90%
noneanux cobuTHI yA0BACTBOPSET ITOMY "YCA0BHIO 0TOOpA.

Dror kpuTtepuit orbopa nmpoxoRAT 93 cobuiThg Ana Tpurrepa A u 42 co-
6biTHa ans Tpurrepa B.

3) Hakoneu, 6pna oCymiecTBACHA MPOBEPK3 MCKOMOM rumoTesn (1).
I ns 31010 0TOMPANNCh COOLITHS , 2151 KOTOPHIX KWHEMATHUECKH# DUT nasan
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qu[v
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O'JL [ ] - a . -
s . - e ™
LI B Y s 0-
. s a B e L]
“r . . s me .
« o L3N] . -« = .
E‘_‘_ . .
g+ @ - s D e ’
- =0 . .
1l Do . s . .
s @ Do - . .
.Ulg.n . .
00 ,00: o0+ o0 .. .
1

\K) .2 3 Dfa
Tosomerexskan wacTius P (TeB/e)
Puc.7. lsyMepHOe pacapeneneHHe N0 UMNYALCAM OAOKHTEAD-
HbIX W OTPHUATENBHBIX YACTHU Y KOJUIMHEAPHBIX coBbiTui. Yep-

HUIMH KBBJPATAMH NOMEUEHB! COObITHR, YNORNETROPRIOLIUE BCEM
Tpem xpurepuam o160pa ana peakuni Monteropso
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3HAYEHUC BEPOATHOCTH runoresb (1) < 969,. 3ToMy YCAOBMIO yNOBACTBO-
paioT 54 cobuiTus u3 Tpurrepa A u 23 cobuitus Tpurrepa B.

Ha puc.7 npeacrassieH AByMepHBIt rpaduK HMIYAbCOB MOJOXKHTEILHO
M OTPHUATE/IBHO 3aPSAXEHHBIX YacTHL. UepHBIMH KBaAPaTaMy MOKa3aHbl Co-
GniTHd, npowenwye BCe TPH KPuTepus otGopa. ABHO BELASASIETCS PPYNA CO-
GuiTwit B paitone ,25 I'aB/c ot peakunu MMourexopso (1).

3.2. Onpenenenne 3¢ubeK THBHOCTH perucTpauuy
M BRIXOAOB PEaKkLMK

Ins onpencnexnsd BeposTHOCTH peakuun (1) 61 BReACHB Cieaylo-

LIME NONPAaBKKU:

— €geom — KOPPEKUMS HA reoMETPUYECKMI AKCENTAHC ycTaHoBKH. OHa

onpenencka no Moure-Kapno ¢ yuetom pasMuiTHs My4Ka v peaibHOM Tou-
HOCTH XCTCKTOPOB;
— g — addekTuBHOCTL Tpurrepa. OHa onpegesicHa HA OCHOBC Mpo-

CMOTPa CODNTHIA, MOYUYCHRBIX B MHHMMANbHOM Tpurrepe. [TpocMoTp cobhi-
THH NMPOBOAKICS € MOMOLLbIO MPOTPAMMBI, MOKA3KIBAKOMWICH HA ANCILICC KOM-
NbIOTEPA NPOCTPAHCTBEHHOE PACMoO/IOXEHIe Tpekos cobniTHa M cpaboras-
wux cuetuukoB TOF. Okasanocs, uto B 3% cayuaes Tpek, Npoluenluii
uepe3 cueTunk BHyTpenHero caos TOF, He BuaBan ero cpabaTmBanus;

—¢ — KOppEeKLHMs Ha YKOpaunuBaHue Tpeka (cM. pasaena 3.1), koro-

track
pasi OMpeacAsiIach HA OCHOBC NPOCMOTPa COOMTMIN, HAGPAHHMX C TEM WK
HHBIM TPUITEPOM;

— ¢, — 3(xpeKTHBHOCTb NPOrPAMME PEKOHCTPYKLUHH; OHA TAKXKE Onpe-
AensAnach NyTeM NPOCMOTPA RAHHKIX C MHHUMAALHBIM TPHITCPOM;

— &;— KOppCKUMS Ha addekTuBHmi obbem. Ias Tpurrepa A, B KOTO-

poM HMcnob3oBanach 6oabiwas 30 cM MULleHDb, 3T KOPPEKLMS ONPENCALIACD B
NPEANCAOXCHHH, YTO pagnyc 3ddek THRHOrO 00beMa COCTABAICT 5 CM.
— €5 — PDEKTHBHOCTD PCrUCTPALMH, NIOKAIHIBAIOLIAN, KAKAS YACTb

nosc3aHux coOuTHii peakumu (1) npoxoauT uepes KpuTepuu otbopa, Mc-
NO/Mb3ycMbIC NPH MACHTUPHUKALUMKY (BKJIOYAS KPHTEPHUH KAUECTBA TPEKOB).
Jra KOppeKUMs Onpeneasnach CHMYIMPOBaHNEM cobmTHil oT peakunu (1)
no Moure-Kapno, PaswrpuBanue npoBOARAOCH C Y4eTOM peanbHbix adbek-
THBHOCTCH AETEKTOPOB, CHMY/IMPOBAHHbIE COOWTHS PEKOHCTPYYPOBAIHCH
TOH Xe nporpammoit 06paboTku, uTo U peanbhme AaHHue. [peactabnennc o
cTencHy aneksaThocTh MonTe-Kapno moxHo nonyunts M3 puc.8, Ha Koto-
POM NMPUBCACHO MMIYILCHOE PAaCcHpeacICHHE A KOANMHECAPHLIX COOBITHI,
Cnaownoit aunneil nokasan QAT IKCNEPHMEHTANBHH X AAHHBIX ABYMS rayc-
CHaHaMH, COOTBETCTBYIOLIMMH MMIY/ILCHOMY pacApeAencHHio cobbiTHil oT
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Puc.§. UMIyabcHOE pacnpeaeacsnue ans KOAIMHCapHbiX cobbl-
TH#. Ciiomnodi auimei 110ka3an GUT ABYMH raycCMaHaMM, KOTo-
Pbi¢ COOTBETCTBYIOT MMIYJAbCHLIM PACHPCACRCHNUAM COORITUA OT
peaxkii (8) u (9. Hyuxktvpuoi nusneih noxasad peaynabTat
MOJICSIHPOBAHMA ITHX PCaKLiuiit (10 MonTe-Kapao ¢ yucToM peaib-
HOPO Pa3pcuiCHks ACTEKTOPOB

peakumti (8) u (9). [TynkTHpoM 0003HAYCHH PE3yJILTAThl CHMYHPOBAHUS
oTix peakumi no Moure-Kapno.
BeposTthocTs pcakumuy (1) onpeaenanacs no opmyne

BR=N/EN ($L1)]

m
rac E — obwas opheKk TUBHOCTH

E= Er Ctrur:k em‘g Ef EMC egc'om’

N — uucno cobuiTuit pcakuuu [Tontekopso (1), N, — NONHOC YHCIO AHHU-

THASUMH B ra3c MUCHH. HekoTopas 1ons aHTUIIPOTOHOB MOTAA AHHUTHAK -
poRaTh B TOHKOM ([0 MKM) BXOQHOM CUHHTHNSLHOHHOM CUCTUYHMKC M BO
RXOAHOM OKHC MMILCHH, KOTOPOE CACNAHO H3 Maiknapa ToAWHHOH 23 MKM.
BbU10 OUEHCHO, YTO A0 TAKHX AHTUNPOTOHOB cocTannsiet (0,5-0,8) % ot N,

Uucaennnic 3vauchng Kosduunentor, ucnonsayemnix B (10), npuee-
AcHb 8 Tabn. .
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Tabmna 1. OnpeaencHue BepoATHOCTH peaxumnn Monrexopso,
E — noanas 3hexTHRHOCTS PErNCTPAIIHE PEAKIINH

T_pnrreg A T_pumg B
pd—a " p pd—n"p
N (D) 54 23
EMC 0,74 0,57
Etrack 0,84 0,84
Egeom 0,008 0,011
Etrig 0,97 0,97
£r 0,81 0,89
ef 0,975 1,0
E 0,00380 0,00464

Moncrapaag uucna u3 1aba.1 8 (10), monyuaem

w (ii +d-»n"+ p) = (1,19 £ 0,16)- 10~ g Tpurrepa A;
= (1,23 £ 0,26)- 10~ nas Tpurrepa B.

B3BemeHHoe CPeHEE ITHX ABYX 3HAYCHMI PABHO

W(E+d-»n"+ p) = (1,20 £ 0,14)- 10> an

3.3. Ananu3 GoHOBHX NPOLECCOB

Hna peaxunn [loutexopso (1) uMelorca cneayomue hoHOBRE polLEC-
Chi € ABYMS 3aPSXXEHHHMH YaCTHLIAMH ¢ 60AbBINMH HMIY.IbCAMM:

p+d-»a +xat+n, 8)

prd=p ¥p a2
> +x.

prd=M+p a3
- +x.

B npeaniaymux sxcnepumentax [3—S5 | no usyuenmo peakuun foure-
kopso (1) B kauecrBe poHa paccMaTpusanach TOAbLKO peakuma (8). [sa
7-Me30Ha, KOTophie 06pa3syloTca B 910l peakiHi, HMEIOT UMIYJIBCHOE pac-
npeaenenve B padione p, = 0,928 I'aB/c, pasmuToe 3a cuet pepmu-asnxe-
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nug, OnHako GepMU-IBHXEHUE HE MOXET NPUBOOUTH K YBCAMUECHHIO HM-
RY/NIBCOB OAHOBPEMEHHO Y O60MX ME3OHOB, OHO HE MOXET «3a0poCHTh» Cpasy
ABa UMNybca B paiton 1,2 [aB/c, xapaxktephnii ans peakuuu IoHrekopeo.
Wnrcpsan 8 300 MaB/c mexay TUIWUHBIMM UMITYIbCAMH B peakunsx (1) u
(8) CAMLIKOM BEAHK TAKAKE B CPABHEHHMH C HALINMM UMY NbCHHIM Pa3pEIleHH-
eM, koTopoe cocrasaset 3,5% B obnactu 1 'aB/c. lNoaromy npumMech coOmi-
Tvii peakupu (§) mana. Cumyauposanue no Monte-Kapsio nokasusaer, 4to
AN UMEIOWENCS CTATHCTHKY coOnTHI peakunu (8) (NOpAAKa HECKONBKHX
THICAY) HH ORHO M3 COOWTHIL HE NPOXOANT Yyepes KpuTepuu orbopa 1)—3),
KOTOpbIC ObLAH UCIOMbL30BAKKL 1A 0T6Opa peaxuumit IToHTeKopBo.

Hain aHann3 nokasan, uto ocHOBHEIM hoHOM Ang peakuuu (1) asasior-
cs npoueccn (12)—(13), xoTopwie npeacrasasior coboil TOXe ABYXUYACTHY-
HYI0 aHHHIHAAUMIO THNA peakunit [lontekoppo. Peakuua (12) ecte poxae-
HHUE OZHOTO P-ME30HA, YTO IANMPEMIEHO B AHHUIUASLMM HA CBOGOIHOM HYK-~
sone. TIpoToH B 2TOM peakuuy A0MKER HMET MMARYALC okoso 1,116 T3B/c,
KOTOPWI «Pa3Ma3kLIBACTCA» M3-32 KOHCYHOH HIMPHHE 0, ITO pasMBITHE HE
oucub Gonbuioe u xapaxTepusyerca o =~ 40 MaB/c.

B peakuun (13) obpasylorcs apa m-me3ona ¢ axpexTHBHON Maccoit

M_ . B paitone 2'”:: <M <m. Takoit npouece TaKKE HEBO3MOXCH 1pu

Bror f
12 F
OTpHMuaTONBHAA vAcTHLA +
JRURTOs, P AR
'r .QM.“_ + + ++
il g
o8 ?" + +++ .
{ [loroXMTONbHAR YAaCTHUA
os |
a4 -
ok
L e e T r + T A
p (I'eB/c)

Puc.9. CxopocTs f NS NOAGKHUTEARHBIX M OTPUUABTENBHBIX HACTHL,
3APEMUCTPHUPOBRNHBIX B TPHUITEPE A KBK DYHKUMA UX HMITYIBCE
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AHHNATHAR UMK HA cBOBOAHOM HyKaoHe. Ha auarpamme puc. I r noka3aHo, kak
morna On MpoMCXOAMTH 3Ta peakuus. B nauane moran obpasoBatecs Tpu-
J-Me30Ha, OfIMH M3 KOTOPbIX MOrJOTHICH Obl HA OAHOM HYKNOHE AcHTEpHs.
MakcumanbHWi  MMOyasc npotoHa ot peakuuu  (13)  cocraBaser
1,233 I'>B/c (ut0 cootBeTcTBYeT M, . = 2m_), T.€. HAXOAMTCA B HEMOCPEA-

cTBeHHOM 6an3ocTu ot 3Hauenus 1,246 I'aB/c ana nporona ot peakuuu (1).

O6e peakunu (12) v (13) 1o cux nop e nabawaatnuce, U UX U3YUEHHE
NPEACTAB/SET CAMOCTOATEbHBII HHTEPEC.

Ha puc.9 nokasaHo pacrnipeneneHne CKopocTH  y NoA0XHUTENbHBX H OT-
pHLATENBHEX YACTHL, 3aPCTHCTPUPOBAHHMX B TPHITEPE A, /18 pa3HBIX HM-
nyabcos. BuaHo, UTO BILIOTH A0 3HaUeHHIi uMnyabea p = 1 3B/ ¢ pacnpene-
JICHUS A9 NONOXKMTENbHAX H OTPHUATEAbHBIX YACTHLL NPAKTHYECKH COBMa-
aawT v aexar B uatepsaie 8 = 0,9—1. D1o nokaswsaer, YTO B OCHOBHOM
3TH YacTHLH — MOJOKHUTENABHREC M OTPHLUATEAbLHEE T-Me30HN. OAHAKO pac-
npcaenacHue gas p > 1 I'aB/c cIbHO MCHRETCS, CKOPOCTDb Y MOJOXHTCABHBIX
YacTHI yMEHbIIAETCS 10 3HaucHui f§ = 0,8, uto CoOTBETCTBYET CKOPOCTH,
KOTOPYIO NPH TAKMX MMMYAbCAX AOMXHB MMeThb npoTonn. OnHaKO He BCe
OTH IIPOTOHK O KHK HATH U3 peakuun [ToHTekopro (1), a TOABLKO HEKOTO-
pas 4acThb.

1.5

s I
. 2 d 1.4
P (IeR/c)

Puc.10. BMnysibCHOE PACNPEACSICHNE MOAOKHMTEABRBIX HBCTHIL,
HPOLILAWNX KPHTEPHH 1) 1 2)
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Ha puc.10 npeacrasieHO MMNYyAbCHOE PACAPEAE/ICHNE MOJIOKHUTEIBHO
3apAXEHHBIX YACTHL, KOTOpHE NpoULTH KpuTepuu otdopa 1)—2) (cm. pas-
aen 3.1). 3™ xpurepun orbpacuisalor cobutnga peakumnu (8) ¢ T-MezoHamMu
M OCTaBAAIOT COOMTHSA C NPOTOHaMK, Tpebys, UTOOH CKOPOCTh y TOJOXH-

TebHEX uactul Guna 87 < 0,9. Kpome nuka ot peakuun [onrexkopso ™ p
npu i,24 M'sB/c Buana HekoTopas cTpykTypa npu 1,1 MB/c, T.e. Tam, rae
OXHAAKOTCH MPOTOHM OT peakumy (12). OgHAKO NOCKOABKY HAII TPHUITEP
6bin HACTPOEH Ha OTGOP KOMHHEAPHKIX COGBITHIA, OH HE ObLA ONTHMANBHRIM
ans perncrpaumu peakumu (12). Ha puc.11 nokasaHo pacnpeneneHue no
apexTHBHOI MACCEe MHOHHOM CHCTEMBI U1t COOLITHI, KOTOPHE YIOBJETBO~
pAOT KpuTepuaM 1)—2), Ho He NpOXOAAT KPHTEPHH 3), TO ecTb TakHe COOn~
THSA, KOTOpHE MAYT He oT peakuun [lontekopso (1), HO UMEIT NMPOTOH C
6onbmuM HMIYALCOM. MOXHO BHAETH, YTO B PAOHE MACCH p-ME30HA UMe-
€TCS HCKOTOPOE B3BOTHEHHE, OAHAKO 3TOT MUK MOXET OWTh PaCLiEHEH TOAbL-
KO KaK YKa3aHMe Ha perMcTpanmio codbrui ot peakuuu (12).

Ecau npeanonoxXuTs, TEM HE MEHEE, YTO B CAMOM ASJIE 3TH COOnTHA

NPHHANNEXKAT PEAKUMA AHHUTHASLHH B P p, TO MOXHO OLEHUTb BEPOAT-

L e S S o S i Bt BN SN S Nt B S M I u et MA Mt RS I e e

]
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L—— 1
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Puc.l1. Pacnpenenchue no apdextmenoi macce ANS uacTHl,
npoweRwnx Kpurepin 1) 1 2), HO He YNORIETBOPAIOWIHUX KPHTE-
puto 3), T.e. AR cobbITHI, KOTOPLIE HE NIPUHARNENKAET PEAKLHN
(1), HO UMEIOT NPOTOHBI C BoabIMMM MMITY ILCAMKU
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HoCTh Takoro npouccca. Ilpeanoaaranock, uto 15 coBHITHII NpUHAgNEXaT
peakuuu (12). leomerpuueckas ek THBHOCTb perncTpauut o p B 4 pasa

XyXe, ueM peakuus (1), v cocraBaser Egoom. = 0,002 (370 66110 OLEHEHO MO

MonTe-Kapno). Koppekuns Ha BuiBOpKY xopoliux cOOWTHIA M nonpaska Ha
UCNONMBL3YEMBIC KPHTCPHU 0TGOPA, BHIUMCAEHHAS NO CHMYAHPOBAHHBIM CO~

GrhiTHEM, cOcTaBUAA Sy = 0,74. OcranbHbie KOPPEKUHN HMENH TE JKE 3HA~

YCHHS, YTO PUBEACHH B TabA.] ans purrepa A. B pesysistare 6bu1 nonyuex
CNCAYIOLMIA BBIXOA:

w (1_)+d—>p_+ p) = (2,25 + 0,58)-10~% (14

Mul paccMaTpHBaeM 3TO 3HAUCHHUE HE KAK TBEPAO YCTAHOBJCHHYIO BEJIH~
YKHY, HO KaK HEKYIO OLEHKY, KOTOPas MOXeET ObTh NMosic3HA MPU onpeaee-
Hun ona K peakuun INonTekopso (1). B camom aene, n3-3a noxoxcit KuHe-
MAaTHKH, COORITHS PeakuMU o~ p MOryT OuiTh nepenyTansl ¢t~ p. Cumyaunpo-
Banue no MouTe-Kapao pcakuun (12) nokasnisaer, yto B 37% ciayuaes
COBBITHR OT 3TOM PEAKLMH MOTYT NMPOXOAHTb KpuTepun otbopa 1)—3) ans
npouecca (1), 3Has 3To M IPUHUMAA BO BHUMAHMUC OLIEHKY BepOSTHOCTH ho-
HoBOH peakuu# (12), noayuennyio Bhiwe (cM. (14)), MOXHO CKa3arTb, UTO B
Hawici Bubopke u3 54 cobbiTHil A8 TpUrTepa A MOXET HaAXOAUTHE 9 cobb-

THI1, KOTOPLIE HA CAMOM JeN¢c NPUHALNEXKAT KaHany p  p.

YTobw yuecTb npuMech oT cobbiTui peakuuu (13), Mu MoaeaupoBain
OTY pCaKLHIO C YYETOM KaK hepMU-ABHXEHHUA HEITPOHA B ACHTPOHE, TAK H
nepepaccesHus NHOHOB HA NMPOTOHE B KOHEUHOM coctosiHuH. [Ipeanonara-
Jocb, 4TO npd GOJBWIMX MMNYNbCAX pacnpeneneHue MPOTOHOB CAeAyeT
60/1bLUIMAHOBCKOMY € TAPAMETPAMH, ONPCACTEHHHMH B IKCNEPHMEHTE KO-
nabopaumu ASTERIX [5].

dN/dp = A (p/E) exp (~E/Ey)- as)

3nccb A — HOPMMPOBOUHAS KOHCTANTa, a Ej — napaMeTp «Temnepary-
pwis: Ey = 98 M5B,

CuyuTtanoch, UTO Takas napaMeTpu3salMs CNpaBeiaMBa ANS NPOTOHOB C
umnyascoM ao 1 I'B/c. Peakuus (13) 6uina paswrpana no Moure-Kapio
ISt NPOTOHOB € MMniybcamu p > 0,8 3B/ c. Toabko 0ano cobutue U3 1595,
YAOBJICTBOPAIOIUMX YCAOBMAM TPUITEPA, MPOILIO yepes Kputepuu 1 —3 aas
peakuuu [ourekopso (1). 3nas obiwinii NOTOK AHTUNPOTOHOB Yepe3 yCra-
HOBKY, BEpPOATHOCTD peakuuu (13) — (0,74 + 0,12)- 1072 [16 ], nono npo-
ToHOB ¢ p > 0,8 I'sB/c (11 %) # 3¢pbexTHBHOCTH PErICTPALIMH ANINAPATY P,
MO>HO onpeaesinTb, 4to 2 coOmTHs N3 peakuuu (13) MOFyT npUMEIATLCS K
Hawedi sifopke cobuTuit peakuuu IonrTekopso.
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B nrore Hawa onenka ¢oua or peakunit (12)—(13) nokasana, uro oxo-
5o 11 coBptuit u3 54 gas peakuuu (1) MoryT 6HTB 32 cuet (POHOBHIX NpOLIEC-
cos. Onuako Hama npouexypa oueHky ¢oHa A0XHA OHTL BOCHPHMHATA
TOALKO Kak nepsoe NpubamXeHHe, MOCKOAbKY MBI He 3HAaeM HEKOTOPHIX
BaXKHBIX XapPaKTEPHCTHK 418 IpaBHILHOIO onpeaeneuuns pona. Tak, Hanpu-
Mep, B Ciyyae peakuuu p+ d »p~ + p, H3-32 TPYAHOCTEH B BHICIEHUN
3TON0 Npouecca, rAaBHas HEONPEAEICHHOCTE COCTOMT B 3HAHWH BEPOITHOCTH

nanHoN peakuuu, InamMonu p + d > + 0+ P HE H3MEPEH HMNYJIECHBI
CrekTp nporoHos npu p> 1 T'aB/c u, cTporo roBopsi, He ACHO, HACKOABKO
MOXHO A0BepaTh napamerpu3anuu (15). Oxva 6una caenana pis AaHHHX 1o
anHurwaun p+ d > 31 + pg, a MH NPHMEHAEM €€ NS AHHUTWISILMH

B 2T, KMIYJILCHBIA CREKTP KOTOPOI JOMXEH nanath chuibuee. I1o aTum npu-
YMHAM Mbi PEIIMAY HE BRYKHTATL | 1 cOGBITHIL, HO pacCMATPHBATD HX KaK Me-
py CHMCTEMATHYECKOM OWMOKKM NPy onpeneieHMH BEPOATHOCTH peakuuH (1).
3a cuer 310kt cucTeMaTHUeCKo olnbKH BepoaTHOCTH (1) MOXeT OuiTh 3aBhb-
wena Ha 11,3%.

4, O6cyxneHHME PE3YNBTATOB

B rabnnue 2 Mp NPUBOAMM CPaBHEHHE HALIMX PE3YJILTATOR C MpEacKa-
3AHHAMM PA3ATHYHLIX TEOPETHYECKHX MOREAEH, 2 TAKXKE C NAHHLIMH APYIUX
IKCNICPUMEHTOB.

Tabawuua 2. Beposmuocts peaxuuu Mowrexopeo W (pd » Jr‘p)
ANA HHKFWISLIHH NOKOAHXCA BHTHIPOTOROB.
CpaBHEHHE C TEOPHER W aHHLIMYU APYFHX IKCIIEPHMEHTOR

Teopus w (ﬁd - Jt_p)
17 2,7-107% - 57-107°
18] 3.4-107°~3,8-107%
£} 8,5:107* -3,1-107°
110} 3,0:107%
IxcnepumenT: Wpd » 1" p)= (0,9 +0,6)-107° |3}

=(2.8+0,3)-107% 14)
=(1.420,7)-107° [5]
= (1,20 = 0,14)- 107 — 9ra pabors
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Buaso, 4TO HAWI PE3YJILTAT COMIACYETCs € NPeAbAYIUHMH H3MEPEHHS-
MM, TpPOBEICHHHMHM B Ny3npbKoBoit kamepe [3] M kosnaGopaumeit
ASTERIX [5]. Ho nama craticrika Goabiue, yem 6 coObTHIA, HaAEHHBIX B
(3], u 3 cobutna u3 [§}. Hawme 3nauenne nias sepostdocty (1) B 1Ba pasa
MEHBILE TOMO, YTO ObL10 M3MepeHo B 3kcnepuMente PS-183 [4 ). Onnako »
akcnepumente (4 | peakuums [Tourekopso (1) uckanach No H3MEPEHHAM HH-
KJIIOZHBHOTO CHEKTPA NHOHOB (1M6O NMPOTOHOB) HA COBNAACHME C MOOOH ua-
CTHUEH, BBICTAIOWEH B NPOTHBONOJNOXHOM HanpasiaeHnu (TpeGoBanoch,
uyToBB Yyroa Mexany AByMs uacrtuuamu 6uun Gosbie, yem 175°). Hekoropuiit
knactep U3 40 coburuit B paitone 1,25 3B/ c 6bu1 HailaeH B NTHOHHOM CTIEK-
Tpe, M okoso 40 cobuThit 6euno obHapyxeHno B nporouHoM criektpe. Ilocne
4ero aBTOpbl CYMMUPOBAIH YHC0 COORITHIL B OGOMX CIEKTPax M HAULIH, YTO

nas 80 cobmTmit BeposTHocTh peakuuu (1)  ectb:  W(x p) =

= (2,8 £0,3)-1075,
Ha CaMOM Aaenc, CrnpaBsCaAIHBOLTD TAKOQ CyMMMpOBaHHSI JAOBOJBHO CO-
MHHTENDBHA. 0C06€HHO B UMITYJIbCHOM cnexTpe l'lpOTOHOB MOXHO OXHI4Tb

3HAUMTENbHON NpUMecH OT peakumiip + d »p +pup+d->n + =%+ p,
uTto 00Cy)aanoch B pasaene 3.3. Nockoabky BEpOSTHOCTb PEAKLUMK O P MO-

xet OnTh B 1Ba pa3a Gonbit:ic, yeM . p (cM. (14)), TO 3aBHILIEHHE BEPOITHO-
ctv (1) npy Takoil npouenype BrogHe BO3MOXHO.

PesynpTaThl pas/iMyYHRX TEOPETHYECKHX PACUETOB BEPOATHOCTH pEak-
unu [Montexopso (1) nokasanm 8 Ta61.2. Buano, uro ectb 6obIIOIH pa3zbpoc
MEXAY NpeacKka3aHUaMH pa3HbX moaencH. [1puynHa COCTONT B CHIBHOM 3a-
BHCHMOCTH PE3Y/IbTATa OT NOBEACHHUSA AEHTPOHHOM BOMTHOBOH (PyHKUNH NpH
GobIIMX BMIYNBCaX, OT BubpaHHnx BeanunH MNN-dopmdpakTopos, a
TaKXE OT BHYTPEHHMX HEONPeNe/EHHOCTeN padanunbix moaenei. Tak,
Jaxe B paMKax ONHOM H Toil xe Moaesu [9 ] MOXHO NoNyYHTb BEPOATHOCTH
(1), oTnnuanuecs B ABa pasa 33 CUET MCMOJb3OBAHHS MAPHXCKOTO WK
6OHHCKOro NoTeHUHaNoB. TeM He MeHee OKa3NBaeTCH, UTO B MOE/IAX Tepe-
paccesituns {7,9], yuHTHBAOWKX HEKOTOPHE JHArpaMMH puc.l, noayuaer-

Csl IOBOJIbHO MANIOE€ 3HAUCHHE  (H3 YPOBHE HECKOBKHX CNMHHILL [0_6)
BepoaTHOCTH (1). 310 MOXeT GuTh paclieHEHO Kak YKa3aHHE HA TO, UTO Apy-
TME MEXaHM3MH (KaK, HAanpuMmep, n300paXxeHHBIE HA OHArpaMMme pHC.2)
BHOCAT CYWECTBEHHMHA Bxaaa. ONHAKO KOPPEKTHOE TEOPETMYECKOE pac-
cMmoTpenue peakuni [ToHTekopso HaxoaHTCA B caMOM Hauane. B atoM cMbic-
e, Ars JAHKBBAAUHM MHONOUNCJIEHHHX TEOPETHYECKMX HEOMPENEJCHHO-
CTEH, H3YUEHHE Pa3nuuHbiX peakuuil [Tontekopso TMna p+d-> M+ N

NpeACTaBAACTCA OYCHb BAXKHKM.
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MMeppmit war B ananuse peakumii TIOHTEKOPBO C THXEIHMH ME3OHAMU
p + d-> M + N 6wl cuenax B pabore [15 ], B koTopoii paccMOTpeHN Npouec-
cucp—,p'—,p— 0—,P—, ay-, fz" U AX-Me30HAMHK B KOHEYUHOM COCTOA-
Hum (cM. Takxe [17 P. B npoMexXyTOYHOM COCTOSHHM YYMTHBAJIOCh MOTJ10-
wedne 71—, p— M w-ME30HOB (CM. AuarpaMmy puc.16). Onno us npeackasa-

Huii [15 ] COCTOMT B TOM, 4YTO BEPOATHOCTD Peakuuu p + d = p~ + p AONXKHA
6uiTh B ABa pa3a Goabiie, yeM p + d >t~ + p. K rakoMy ke BHBOZY npHBO-
9T pe3yabraThi pacueros [17]. 1o coBnagaer ¢ Hamed IKCIEPUMEHTAT-
HOI OLIEHKOM BEPOSTHOCTH KaHanap p (14).

5. BuBoau

IpencTaBaeHw pe3yJbTaTH HOBOTO M3MEPEHHA BCPOSTHOCTH PEAKIHH
p + d » 7~ + pansg aHHUTWISLMY NOKOSMMXCsL aHTUNPsToHOB. Hailneno 77
COSHITHI NaHHOA peaxiMK B PasHbX KOH(Urypaumax TpUrrepa, uto COOT-
BETCTBYET BEPOATHOCTH

w (5+ d->n"+ p) = (1,20 +0,14)-107%,

Monyyeno nepeoe ykasaHue Ha HaGmonenue peaknum [lontexopso
P+ d - p~ + p. Haitpeno 15 coBHTRIl, KOTOPHE MOTYT NPUHANIEXKATD AaH-
HO# peakuuu. DTO COOTBETCTBYET BEPOATHOCTH

w (5 +d-p + p) = (2,25 % 0,58)-107°.

Mbi paccMaTpuBaeM 3TO 3HaYEHME HE KK TBEPAO YCTAHOBJIEHHYIO BE/TH-
YHMHY, HO KK HEKY IO OLIEHKY, KOTOpPas MOXeT OHTh 0e3Ha NpH onpeRene-
HuM (poHa Kk peakuunu [lonrekopso (1).

Hansueitimee udyuenne peakupii [IoHTEKOPBO OUEHBb BaXHO Kak I Le-
Jlel ME30HHOM CNEKTPOCKOMMM, TAK U /1 H3YUCHUS BRICOKOHMMITY/IHCHOMH
KOMIIOHEHTH AEPHOM BOIHOBOI (DYHKIMH, Iie HEHYKJIOHHKE CTENIEHH CBO-
60oab ZONKHB HrPaTh GONBILYIO POJib,

ApTopn BhipaxawT Gonbuwiywo npusHarensHocts B.M.ITonrekopso 3a
nocTaHOBKY npolGaembl, Mu Gnaronapum A.B.Kaitnanosa, JI.A.KouapaTio-
ka, A.E.KyapsasueBa u J1.E.Xap3eesa 3a unTepecHue 00CYXIECHUA M IKC-
f1yaTalMoHHBIM nepcodan LEAR 3a ux ycwnus no obecneueHuio BHCOKOKa-
YECTBCHHBIX MYYKOB AHTHNPOTOHOB.
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FINE STRUCTURE IN COLD FISSION MASS
DISTRIBUTION OF *¥Cf(n ,, /) REACTION

Yu.V.Pyatkov*, R.A.Shekhmametiev®, A.1.Slyusarenko*

The First results on cold fission for 2**Ci(rum,f) reaction are presented. The
fine structure in cold fission mass distributions for “Cf(nu,.f) drastically differs
from the cold fission data for Z2Ci(s./) reaction. This fact is explained within the
framework of the suggested cluster concept of the multivalley ficsion model.

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

ToHkas CTPYKTYPa MACCOBHX PacnpeaeNeHui MPOqyKTOB X0~
NOAHOM (hparMeHTaL N 49Cf(nm,.,f)

10.B.MMarkos*, P.A lllexmamerses®, A.U.Cmiocapenko®

Fipencrasnexsl BNEPBLIE NOSYYEHHBIE PE3YALTATE 10 XOJIORHOMY AENEHHUIO
B peakumnn 2”Cf(n.;.‘f). Toxkag CTPYKTYpa MACCOBBIX PacnpeneieHnit B X010~
HO# ofaacT ans peakumi 2"’Cf(n,/,,f) H MzCr(s,f) CYWECTBEHHO PAINNUHA.
370t dakT 06CYXABETCH B PAMKAX KNACTEPHON KOHUENLUHMH MHOTOAOMMHHOMN
MOZLEJIN JENEHHA.

Pa6ora soinonnena s JlaGopatopum agepubix peaxuuit OUAH.

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 grea! 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 [1 ], 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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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(nm,/) 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 235 U(n,,,.f) 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 ,ug/cmz. The overall
statistics collected in the experiment is 6-10% events. The integral mass
yield distribution of fission fragments (FF) as well as the mass distibu: uns
of FF with fixed kinetic energies are in good agreement with the previous
results [7,8] (fig.]).

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 £= 124 —128 MeV
where fine structure is observed.

The fine structure in cold fission mass distributions for 249Cf(nm,f)

drastically differs from the cold fission data for 252Cf(s,f) [9 1, used because

of the data absence for 25°Cl‘(s,/).

Mass distributicns of the OCf(s,j‘) reaction for energy bins of the total
kinetic energy TKE = (@ — 5) MeV and TKE = (Q — 7) MeV, where @ is
the average energy release for every mass split, are presented in fig.3. The
value J was obtained in ref. [9) by linear interpolation of the Q. ., depen-
dence vs mass. Our data for 249C‘f(nm,/) reaction, presented in fig.3, were
obtained for energy bings (fig.3a) TKE = (0 ~ 5) MeV and (fig.3b)
TKE = (@ — 7) MeV bearing in mind negligible between Quax and O
values.

100



249Cf+n(th) fission

cold fragmentation mass vields

——
E(FF)=126 MeV
RN o

E(FF)=127 MeV

Number of counts

85 90 95 100 105 110 115 120 125
Mass number
Fig.2

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=388 is visible, just as in the

2‘”‘"Th(nm,r') reaction [10,11].
As it was mentioned by authors [10,11 ] it is difficult to explain the
presence of the deformed shell N = 88 (8 = 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,j)
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 multivalley 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 ;gqsn and g: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 ?zSi (for B0ct* -reaction), form the neck betweem two

big clusters. If clusterization does not take place, the elongation of 250

compound, described by the shell-model wave function, coatinues. Then

during the following elongation the clasterization with ;:ZXe 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 ﬂSi 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. The suppression of mass
yields around mass 134 a.m.u. in cold fission of 2SZCf(s,f') 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 250¢¢ fission
measurements. Elaborated conclusions can be made only after direct

2'““Cf(nm,f') and 2SOCf(s_f‘) reactions comparison, the experiment with

2‘“’Cf(sf) now being in progress.
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Kpamxue coobuenus OHSTH No.2{59]-93 JINR Rapid Convmunications Ne2{59]-93
YAK 519.62

BOJIbT-AMIIEPHASI XAPAKTEPUCTHKA METAJIJIA
IPU HYJIEBO! TEMIIEPATYPE B CJIVYAE,

KOI'ZIA EAMHCTBEHHBIM KAHAJIOM PACCESAHUA
ABJAETCSA HCITY CKAHHUE ®OHOHOB

I.IAxymun, U.B.AMupxanos, JI.A.Makcumos,
I.B.IMTasnaos, U.B.INy3nuuu

MaTeMaTHYECKas MOAENE, ONMMCHIBAKOLIAS METAILT NPH HYJIEBOH TeMnepa-
Type B Ciyuae, KOFa €qMHCTBEHHBIM KAHAJIOM PACCEAHMA SRAIETCA HCMyCKa-
Hue (POHOHOB, CBOAMTCE K HEJHMHEHHOMY uHTErpo-anddepeHuManbHOMY
YPABHEHHIO CO CABMHYTHIM apryMeHTOM. JIMCKPETH3aUME NPOBEAEHR HA OCHORE
MeTofla cnaain-annpoxcumMauyy. BoaHuxaiollice HENMHERHOE MUCKPETHA0-
BaHHOE YPaBHEHHME PELUAETCS METCAOM NPOCTOi nTepaunn. PedyabtaTe! ync-
JIEHHOTO MOAEIUPOBAHNS COMJIACYIOTCH C IXCMNEPUMEHTAJILHLIMH.

PaGora ewinosiHena B JlaGopaTopum BRINUCIUTENLHON TEXHNKH W ABTOMa-
THaauun OUSIH.

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 mode! describing voltage-current dependence of metal when
temperature is zero and single channel of scattering is phonon emiflance 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. Beeneune

B 1982 r. IO.Borog u ap. [! ] 3xcnepMMEHTANBHO MOKA34/TH, YTO IAEKT-
PONpPOBOAHOCTE BUCMYTA NpH resineBoit Temmepatype (T = 4.2 K) nmeer sp-
KO BHpaXXcHHHH HEJIMHEHHRI xapakrep (puc.1).

Tak xe, kak 's ¢ aHanornyHoM sddexre Ecaku (KoTOpoMy MOCBAIIEH
0630p [2]), 3Ta Hev:+:1:eHHOCTH 00YC/I0B/IECHA TEM, YTO HPH HU3KUX TEMIepa-
TYpax CAMHCTBEHHHIM BO3MOXHHLIM K3HAJIOM DACCETHHS 3JEKTPOHOB SIBJIS-
eTcs reHepauns KonebaHui pemerks — HOHOHOB.
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Dot adxbekT UMeET BaXHOE HAYUHOE W NPUKJIaAHoe 3Havenue |2 ], no-
3TOMY NPEACTABAAETCS HEOOXOAMMEIM NOCTPOCHHE KOMYECTBEHHOMN TEOPHH
adpexTa, H3N0KEHHIO KOTOPOI MOCBALIEHA HAcTOsSAs pafoTa.

2. BuiBOa KNHETHYECKOr0 YPAaBHCHHUS

C KauecTBEHHOM TOYKHM 3pEHMsS BOJbHT-AMIICPHAS XaPAKTEPUCTHKA
(puc.1) obbachsiercs cnenyromum obpasom. IToxa anexTpuuyeckHil TOK
Jj= envd(e -— 3apsaf,n — IJIOTHOCTb 3J1EKTPOHOB) JOCTATOYHO MaJ, CPEAHAS

CKOPOCTb HaNpasJEHHONO ABUXCHHA JNEKTPOHOB (Apeidiosas CKOPOCTD V)

TOXE MaJ1a NO CPaBHEHHMIO CO CKOPOCTHIO 3BYKa M reHepauus 3syka (U) 3a-
NpelleHa 3aKOHAMH COXPaHEHHS HMNY./IbCA M SHEPTHH,

IToaromy B OTCYTCTBHH NpH-

MeceH, moka j< jC =enl/, TOK

J asuxercs 6e3 conpoTHBieHMs,
HayasbHblif yuacTOK BOJbT-aM-
MEPHOH XapaKTCPUCTHMKH TeOo-
peTHyecKn nojixeH ONTL CTpOro
BEPTHKA/bHEM, 4 PEANIBHO B IKC-
nepumente [1] (puc.l) umeer
KpyTOi HAKJIOH H3~33 OCTATOMHO-
ro conporusjienus. Korga xe
i> jC, HAYHHACTCA reHepauHs

FUFVUNFVNWEVEFTN FETTTeL

38yKa (CMOHTAHHOE HCMYCKAHHE
(hOHOHOB) mnOROOHO TOMY, KaK
BO3HMKAeT yJapHad BOJHA MpH

e A AMiAsassasscasnanass " CBEPX3BYKOBOM ABMXEHHM CAMO-
p E] Jera. 310 NPHBOAMT K PEIKOMY
Hc.

YBENMHMYEHHUIO 3AEKTPOCONPOTHB-
JIEHHS M HAKJIOHA BOJ1bT-aMIep-
HOM XapaKTEPHCTHKH, KaK f0Ka3aHOo Ka puc.l. YTobn KonMHMuecTeeHHo 00b-
ACHUTD 3107 3dupeKT, Caenyer pelinTbh KHHETHUCCKHE YPABHEHHE 11 OKHO-
4aCTHYHOMN (PyHKLMH pacrpencacHus INEKTPOKOB. B «turerpane croaxmo-
BEHHi» ITOMO YPaBHEHH A0/ KHH GHTL YUTCHH BA KOHKYPUPYIOLIMX PO~
necca.
lMepBHii NPoOLECC HASWBAGTCH «YXOXOM». JTO NEPECKOK I/IEKTPOHA K3
3aT0JHEKHON COCTOSHHUS C HMITYJIBCOM J B 060 yCTOE COCTOSHME C HM-
nyabcoM P’ Gnaronaps MCOYCKAHMIO (POMOHA ¢ MMUYAbCOM §=p —~ 7'
(W(q) — BEpOATHOCTb HCITYCKAHHUSA B COHHHLY BPEMEHH)
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d IS
Lon = f (hh)SW(q)f(p)[l -8 (e, e, ~hw). 2D
Bropoii npouecc Ha3LBAETCA «IPUXONOM». DTO MEPECKOK INEKTPOHA U3
106010 3aN0AHEHHOINO COCTOAHUS iJ’ ' B 3aAaHHOE NYCTOE COCTOTHHE E' fna-
rofaps ucnyckanmio hoHoHa ¢ umnyﬂbcom—?]' :

dp’ :
L onxon = j(?_nh)s W(g) f(p") 11 — f(p)}d (ep, —€, = hwq). 2.2)

B neBoji uacTH KHHETHUECKOIO YPaBHEHNS 3AMHCHNBAKOTCA WIEHBI, KOTO-
Pbi€ ONUCHBAKOT U3MEHEHHS YHCAA DAEKTPOHOB f([)' F’ B IAHHO# TOuKe ¢paso-
BOIO npocrpancrsa (p, F’ H3-3a MPOCTPARHCTBEHHOIO NEPEMECHHS IAEKTPO-
HOB (V- v j) M H3-3a YCKOPEHMS 3JIEKTPOHOB BO BHEHIHEM 3/IEKTPHYECKOM

none (e-E-a—l_J;). B 3apaue onpepeneHus CTaUMOHAPHONO PacHpeaecHHUN

JJICKTPOHOB B NOCTOSIHHOM M OAHOPOLHOM BHEWUHEM NOJC OCTACTCS TOABKO
BTOPOit WIEH, TaK YTO KHHETHYECKOE Y PABHEHHE NMEET BUA (nipunaTo Ellz):

af -
E ép_ —lyxozz + lnpuxo,u' 2.3

15t KOMMUECTBEHHONO PeIEKHE ITONO yPaBHEHHS HEOOXOXHMO KOHKPE-
TH3HPOBATH CIIEKTPH JIEKTPOHOB M GOHOHOB, 4 TAKXKE 3ABMCHMOCTb BEPOSIT-
HOCTH CTOJIKHOBEHMI OT MEPEeaaHHOIO MMNybca g. Ml npumMem B BaHHOM
paboTe H30TPONHYI0 MOJE/Ib META/LIA CO 3BYKOBHIM CAEKTPOM:

2 2
€, =P /2m, hwq= Ug, W= (q/ZpF) Wy ep= pF/ 2m>>Up,. 2.4

YuteM, 4TO 371EKTpPOHN B MeTaale eCTb BHPOXACHHBIA pepMu-raa.
B cbepmueckoit cucreme koopanHar (p, = pcos 6)

—%—a—‘fp—cose+ v 1, O‘f

%, = aep p” TcosB p —— v.cos . (2.5)

F

Ina anexTpoHoB Meta/na nout sesae f = 1 unu f = 0, kpoMe y3xoro
ci10d 86nu3u nosepxHocty PepMu, rae 3aBUCHMOCTb QyHKLMH pacnipenee-
HHUS OT IHEPrHH HAMHOIO CIWIbHEE, YEM 3aBMCHMOCTb OT HanpaBaeHHd. [To
3TOM Xe NPUUMHE MOXHO HAMMCATD

&*p’ 2,3
— 5 = v de dB/4n, Ve= mpF/?Jz ",
(Zxh) P
B pesynbTaTte nocae HHTErpUpOBAHHS MO 3HEPTHH €p (ans ynoGcTaa
ONnycKaeM MHAEKC p', TO ecThb €y > €') KHHETHYECKOE YPABHEHHE NPUHAMA-

€T OKOHMATENbHKI BHA:
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—Ecos 9 Y =
de
= —41; 'f(e, cos 8) [ dp d cos 6’ g(cos 8,cos 6',p) {1— f(€ — ¢, cos8') } —

— [1=f(e,cos 8) | [ dipd cos 8'g(cos 6,cos 8',p) f(¢ + g,cos 8')}, (2.6)

rae

I ———e—y
q—ﬁ\fl—cosecosa sinfsin 6’ cos ¢,

a napametp E nponoprHOHAJICH HANPSXEHHOCTH IEKTPHUECKOIO Noasd B
IIPOBORHHKE.

3. Jduckpern3anms OCHOBHHX YPABHEHHUH M METOA pelIeHM A

O6o3uaune cos 0 yepes x, NepenriueM UCXOAHoe ypasHenue (2.6) B cie-

AYKOLIEM BHAE:
9—%%’—‘1 + S(e,3) fle,%) = R(e,), G.10
rie
S(ex) = 7——= f dx’ f dpg(x.x' ) 1=/ (e—q(x,x",p),x") +

+f (e + g(x,x" ), x")],

a

R =7 ‘Efdx’ J dp alxx') (e + a0 )X

a(x,x' o) = G(l ~xx'=V1-x% V1-x"%cos p). 3.2)

Fpannynsie ycaosus and f(g,x) AMEIOT Ciey0Omuil BHA:
lim fle,x) = 1,

E—»— 00

lim f(e,x) = 0. 3.3

s>+

If(e,x)

W3BecrHo acuMnroruueckoe nosegeHue NIPOH3BOAHNX 9e Ha Gecko-

HCYHOCTH:
lim _)f(e X

E—»—ao0

—f(;—’fl 3.4
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Ina puckpernsauuu ypaenenuit (3,1)—(3.4) swibepem obaacts u3me-
HCHHA MepeMeHHOMH e(—emax;emax] n Habop yanos {ek,k=l,N}, npHuem

- = '
&y =—€ . ENTE .. Vinrerpasnni no x' B (3.2) 3aMeHUM KBaapaTypaMu fio

KOHEYHOMY HaGopy y3/108 {xpi=1,M}:

17T ,
S(e,x) =l§ Wlm_{!dq) a(x.x,'p) X

X [1-—,r’(z»:—q(x,xl',<,')),xl ') + f(e + g(x,%,"p)X, ')] ,
M
R(e,x) -'E' ¥, EI}E _}” dp q(x.x,"p) f (e+q(x,x,’,w),x,’). 3.5

O6o3uaunm f“=f(ek,xl), k=1,N, I=1,M. lns pocnonnenns f(¢,x) B obaa-
A

CTY M3MEHEHUS NIEPEMEHHOM € TOCTPOUM KyOudeckuii crinait f(€,x) B y3nax

{e,}. Beuny Toro, uTo ky6uueckuii criaii HMEET ABE CTENEHH CBOGOALI, A0-
~

onpeaeauM f(e,X) yCAOBMAMM HA MPOM3BOAHYIO HA KOHLAX MHTEPBAaJa

|_€max;€max l:

~

af(e,x)

i3
ex) _ 0 npu e=¢
o€

= 0 npu e=¢,

N 3.6
3amens s HHTErpupoBaHue o ¢ B (3.5) KBagpaTypamu, onpeaciseM 3Haue-
Huga S(e,x), R(¢,x) B yanax aByMepHo# ceTky {€,,X, } N0 3rAYEHHAM Py HK-

uuH f(€,x) B ITOM Xe HaGope y310B, UCNONb3Ysl BBEACHHKI paHee Kybnue-
cKuii ciuiadiH f(e,x) . Torna u3 (3.1) nonyyaem

a—fl-‘-l+S [, =R (M)
o€ kl7kt ™ Tkl :

rae
% _ of(eg, %)

e Fram Skl=S(€k’xl)’ Rkl=R(ek,xl).

Ilns pewenus ypasHenus (3.7) OTHOCHTE/IBHO f,; HCNOAB3YETCS CALRY-
OLMIF HTEepan MoKl npouecc. O603raunM 3HaUERHE DYHK UMY f(€,X) B y3-
Jax CEeTKH (ek,xl} Ha [-# HTEepaUHn yepe3 /k(;). Ilo /k(;) BBIYHCASIOTCS HH-
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Terpann .S,(:l), R;"l) . U3 (3.7) nonyuaem COOTHOLIEHHE HA NPOM3BOAHYIO M

bynxumo aaa (i+1)-it urepanun;
@+1)
kl @) LG+ _ 0 Y Y
—— S S =R k=T, I=T,M. (3.8)
Coctromenne (3.3), annpokCMMHMPOBAHHCE B CJICAYIOMEM BHIE &
fk1= 1 npn k=1,
f“=0 npn k= N,

1 ypasucHue (3.8) no3sonfOT OXHO3HAYHO HOCTPOMTH KyOnueckni cniaiH
(i+1)-ro npuéaAuXenns.

HTepaumncHHbiil nponecc 3akaH4MBAETCHd, KOIMA HEBA3KA YPaBHEHHS
(3.7) cranoBMTCS MeHbIlIE HATIEPEA 3aAaHHoro ukcna d . B kauecrse navanp-
HOMO npHOINKEHNS VIS UTEPALIMOHROTO Rpouecca Bpanach GyHkuug

f(o)(e,x) = _;1!;__.
e YV +1

4. Pcaynbra'ru YHCJACHHOTO MOOCANPOBAHNSA

Ha pnc.2—5 npuseneHn (PyHKUNKM, PACCUMTAHHHE TPH PA3NHUHBIX
3HAYCHUAX napaMeTpa £ Ha PaBHOMEPHON CETKE NO NEPEMCHHOM € .

1.50
1.00
0.5¢
0.00

-0.50

-1.00 AAARARAARASL)!
-300 -2.00 -1.00 0.00 1.00 2.00 3.00
&
Puc.2. E=0,1
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1.50

sl ™H

X=0,2

0.50

-0.00

v b s g aaaaabagag

.50 T T T T Y T T T T T I T T T
-3C.00 -20.00 -10.00 0.00 10.00 20.00 30.00

&
Pucld. E=1
f
1.50
1.00
0.50
-0.00
-0.50 MURBLEL L 20 2000 A0 A o 2 2 2 20 S 20 2 o 2 2 2 i
-200.00 -100.00 0.00 100.00 200.00
£
Pucd. E=8

Pacuern nposoauanch Ha PC AT-386. Bpems pacuera ogHOro BapmaHTa

nas paamepHocTH 3agaun N = 101, M = 21 cocrapasio 10 — 15 mun.
B tabauue 1 npusenexo cpaBHEHHE BHYMCIEHHNX (QYHKIHIT B 3aBICH-

MOCTH OT WIAra pa3Onenns Ha paBHOMEPHOI ceTKe. AHAJIH3UPY S Pe3yAbTaTH
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1.50

il =N

)
o
Liiodud,

0.50 -]

-0.00 3

~0.50 AEARERRLE EAREESRR AR RS RE MY R
~5(.00 ~30.00

-10.00 10.

~

[

TTTrrrsTs

30.00

TYTYY

)
00

Puc.§. x = -1
Tabauua t. 3naqdenns GyHkunn f(c, X) # TOKa j B 33BUCHMOCTH OT 11ara CETKH
N0 NEPEMEHHOM £, & = i:—fyif(s, xhf{E)ynpux=1,E=1
Forz = Iuta

h=08 A2 h/4 o
e=-8 0,999147 3,997200 0,998609 3.8468
£=—4 0,988170 0,984128 0,983141 4,0952
£e=0 0,782367 0,753937 0,747165 4,2129
E=4 0,125817 0,142192 0,146341 3,9467
=8 1,20209E-02 1,42375E-02 1,48589E-02 3,5671
J 0,564651 0,532269 0,524170 3,9983

PaCUCTOB, MOXHO CAENATh BHBOA O HAJINYHUN CXOANMOCTH 2-ro nopsaka anga

LCTOYHONO pCLICHHUS,

Ona YBCJAHUYCHHA CKOPDOCTH CXOAHMOCTH HTEPALMOHHOTNO NpoLEecCa MC-
noJb30BAMHCH HCPABHOMEPHBIC CETKYH 110 nepeme&moi& € CO CTYLUCHHEM Y3-

J10B B 06J1aCTH CHIBHOTO H3MEHCHMS DYHKIAY,
B ¢u3snuecknx NPHAOKEHHSX GONBIIOA MHTEPEC BHZNBAIOT 3HAYCHUR

HABCACHHOTO TOKA j B IPOBOAHMKE:

o1
I=3

+ o
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HUcnonbsys ycaoena (3.3)—(3.4), npoMHTErpHpoBas n pa3s no 4acrsm
MO NEPCMCHHOM €, NOJIY4aeM A1 TOKA j CIIEAYIOUIEE BLIDAXKEHHE:

1 + o0 n
%f x f de x < I 1ex) 4.

n! g’

B pc3ysbraTe pelueHus HEJIMHEHHON 32534k Mo 3aBeplueHN UTEPALN-
OHHOMO MPOLECCAa Mbl 3HAEM KaK 3HaueHus GyHKuuu f(e,x), Tak U SHaYEHHS
BTOPHIX NPOU3BOAHKK. [103TOMY AN BLIMMCAEHHS TOKA j MCNOJIB30BANACH
dopmyna (4.2) npu n=2.

Ha puc.6,7 npusenesn rpayky 3aBUCHMOCTH TOKA j OT HaNpsiKeHHO-
CTH DACKTPHUECKOrO noast E.

5. Buisoam

Takum 00pa3oM, MHUCJIEHHOC pelieHHe KHHETHMECKOrO YpaBHEHHs
(3.1)—(3.2) noKa3wuBaCT, YTO, B OT/IHYHE OT PELICHHS ITOIC YPABHEHUSA B
npubanxcuun BpeMeHd penakcauun [2 1, sun dyukuun pacnpenenenns f
CAOXHHM 00pa3oM 33BMCHT OT BEAHUMHBI NEKTPHYECKoro noas. Puc.2—4
ACMOHCTPHMPYIOT, YTO WHPUHA (DYHKUMU f 30BUCHT HE TOABLKO OT BEAHUHHB
noAas £ (puc.5), HO ¥ OT HANPABACHUSA UMNYIbCA 3ACKTPOHA. DTO 0COBCHHO
HAT8H0 WLIOCTpupy toT puc.8,9, rae Mol Buaum, uro nosepxHocts Oepmn

R

J
200 ,
i
i /7?\
100 1 e g
0.00 g
]
%
/
-1.00 ) N :
B -~ .
1 -
? t(Px Py}=1/2
-2.00
}
'
1
q
=3.00 T T T T T T T R LTI T
-200 -2.00 -1.00 000 100 2.00
Px
Puc8 £=0.2
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4.00"j M
3
1
3
z.ooi X
: N\
] N
4
]
0.00'1
1
1
E
-2.00 v/
1 1(Px,Py}~1/2
crood
1
1
R R et —
-6 00 ~4.00 -2.00 0.0 2.00 4.00
Px
Puc9. E=2

1
COCTOSIHMS C TOKOM f(px,py)=§ CH/IbHO 3aBHCHT OT cos 6. HamoMuumM, uto B

npubJHXEHUHM BPEMEHH PENAaKCALMH 3TAa NOBEPXHOCTh MMEET BHA ccepsi,
CABMHYTO#M B HANPABJIEHUH 3/1EKTPHUECKONO Nos.

Ha puc.6,7 npencrasneHn pe3yabTaTh pacyera BOJIbT-aMIIEPHOH xa-
pakTepucTHKU. MBI BUAKM, uTO Npy GOAbLLIMX MONAX TOK JHUHEHHO PacTeT ¢
YBEAMUYEHHEM [10/1S1 B COOTBETCTBUHM € 3aKOHOM OMa, HO MpH MaNbIX MOAAX
(E < 0,1 B6e3pasMepHRX eqMHHLIAX) OOHAPYXMBAETCA PE3KAT HETHHENHOCTD.
K coxanenmuo, npu E < 0,01 BO3HMKAIOT YHUC/IEHHHE HEYCTOMUMBOCTH MIPH
BHIUHCCHHHM HABEACHHONO TOKA, M MK HE CMOIIM MOJYYHUTb KOPHEBOH 3a-
BUCHMOCTH f ~ \/E, KOTOpad CIefyeT U3 AHANUTHUECKHX OLEHOK, 3aMETHM,
uto ¢hopmysa (4.1) onMcHBaeT YacTh TOKA, HaBeAEHHOrO noaeM, [oaHwi
TOK, KOTOPHIii CJIEAYET CPABHUBATH C IKCHEPUMEHTOM, €CTh jlol =env, + J.
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1. Boroa 10.A. n np. -~ ®u3auka HU3KMX Temneparyp, 1982, .8, Ne I,

c.107—110,
2. Boroa 10.A. — ®usuka uuskux temneparyp, 1982, 1.8, No 8, ¢.787—

§29.
Pykonuch nocrynuna 25 wosi6pa 1992 rona.
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Pcaakropu: M.H.3apybuna, 3.B.Usamkesnu, E.B.Kanununkosa

Pyxonuce cbopuuka nocrynmna 19.03.93
Noznucano 8 nevats 8.04.93
®opmar 60x90/16. Odcernan neuars. Yu.-uaa.aucros 7,74
Tupax 670. 3akas 46266. Llena 136 p.
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