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Annihilation of antiprotons stopping in 4He and 
3 He has been studied at the LEAR facility of CERN 
using a streamer chamber in a magnetic field. Measu
red are charged particle multiplicities. The rat i o is 
determined between the annihilation probabilities on 
the neutron and the proton bound in ~ he nucleus; this 
ratio has turned out to be nearly two times smal l er 
than the corresponding value measured in the case of 
antiproton annihilation in deuterium. The cause s of 
this discrepancy are discussed. 

The investigation has been performed at the Labora
tory of Nuclear Problems, JINR. 
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AHHHrHnR~HR OCTaHOBHBWHXCR aHTHnpOTOHOB B 4 He H 3 He 

ID.A.EaTyCoB H AP· 

Ha ycKopHTene LEAR B UEPHe c noMO~biD CTpHMepHOH Ka
Me pbi B MarHHTHOM none H3yqanaCb aHHHrHnHQHR OCTaHOBHB
WHXCH aHTHllpOTOHOB B 4He H 3He. li3MepeHbl MHOJI(eCTBeHHO
CTH 3apHJI(eHHb~ ~aCTHQ. OnpeAeneHO OTHOWeHHe eepOHTHOC
TH aHHHrHnHQHH Ha HeHTpOHe K BepOHTHOCTH aHHHrHnHQHH 
Ha npoTOHe B HApe, KOTOpOe OKa3anOCb llO~TH B ABa pa3a 
MeHbWHM, ~eM COOTBeTCTByro~ee OTHOWeHHe, H3MepeHHOe B 
cnyqae aHHHrHnHQHH aHTHllpOTOHOB B AeHTepHH. 06Cy)((AaiDT
CH llpH~HHbl B03HHKmero paCXOJI(AeHHH. 

Pa6oTa BbinOnHeHa B na6opaTOPHH HAepHbiX npo6neM omrn. 

A most i;nportant issue of low-energy antiproton phy-· 
sics i s the determination of the structure of the nucleon
antinucleon interaction amplitude, for instance, the inve
stigat ion of NN -interaction in various isospin states. 
For t h is purpose experimental information is necessary on 
the s cattering and annihilation o f antiprotons both on 
protons and neutrons. The pn -interaction has not been 
studied sufficiently well, owing to the absence of good 
antineutron beams. For this reason it becomes particularly 
impor t ant to investigate the interaction of antiprotons 
with t he lightest nuclei, such as 2H, 3He, 4He, to derive 
information on the properties of the pn -scattering ampli
tude. 

Ear lier we carried out a series of measurements of an
tiprot on annih.ilation in 4 He at 20, 50 and 180 MeV 1 1- 31 , 
as we l l as with stopping antiprotons 14 1 • The ratio R be
tween the annihilation probabilities on the neutron and 
the pr oton bound in the 4He nucleus, 

R 

w ann 
n 

W ann 
p 

(I) 

was fo und to be less than unity within the energy range 
from 0 to 180 MeV 141 , while in the case of stopping anti
protons R = 0.42+0.05. This value is nearly twice as small 
as the correspoQding ratio found experimentally from anni
hilation of antiprotons in deuterium to be R = 0.75+0.0215 ~ 
or, from the results of Ref. 161 , R = 0.82+0.03. There are 
several plausible explanations of such a discrepancy. Thus, 
the experiments reported in Ref.15,6/ were performed with 
bubble chambers, and, as it is well known, in a liquid 
antiprotons annihilat~ from high levels of S-Gtates owing 
6 



to a strong Stark effect /7/. Now in our experiment s the 
antiprotons were stopped in a gas target, in which they 
are annihilated mainly from low-lying P- and D-levels. 
Then, it must be taken into ·account that in Refs .' 51 and161 

the momenta of the antiprotons considered to be stopping 
were actually only less than 260 and 300 MeV/c, respecti
vely. In contrast, for our experiments the LEAR beam with 
a well defined initial momentum 105 MeV/c (~p/p - I -3) 
was utilized; the distribution of the antiproton st opp~ng 
points along the beam direction inside the chamber volume 
exhibits a clear penk (see Fig. 1). 

Finally, one cannot exclude the possibility of t e ob
served value of R being small due to non-trivial physical 
effects. For instance, since the pn -interaction occurs 
1n the pure isospin state with I= I, while both the sta
te with I = I and the one with I = 0 contribute to the 
pp -interactions, the small value of the ratio R points 
to an anomalously strong interaction in the state with 
I = 0, that could, for example, be caused by resonances 
in the NN system, the existence of which, in the vicini
ty of the threshold, cannot, as yet, be excluded 18•9 1 . ' 
Moreover, in pp -scattering some strange oscillations of 
the ratio p = Re f(O) / Im f(O) are observed 110 • 111 preci
sely in the vicinity of the threshold. Bearing in mind 
the importance of this problem, we have made an att er.tpt 
to determine R in a way differing from the one adopted in 
ref. 141 , utilizing another part of the data on ~ 4He -
annihilation, and also for the 3 He .nucleus. 

600 

400 

200 

(a) 
I 200 

(b) 

100 

10 20 30 70 l.ltM) 30 1.() 70 l.l<•l 

Fig. 1. DistPibution of the antipPoton stopping points 
along the beam diPection in the chambeP volume plotted 
foP annihilation events in 3He (a) and 4He (b). 
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A detailed description of the experimental apparatus 
may be found in Ref. 1 121, so here we shall only recall 
its main featureg. A self-shunted streamer chamber 113/ 
placed in a 0.22 T magnetic field and filled with 4He or 
3He at atmospheric pressure served simultaneously as the 
target and the detector. The chamber volume was 70x90x 
xi8 cm3. The target thickness was IS mg/cm 2• The trigger
ing system consisted of scintillation countets before the 
chamber. An important feature of the LEAR antiproton beam 
is th~t it is free of any pion contamination whatsoever. 
The t otal energy losses of the beam in the trigger scin
tilla tion counters and the entrance window to the chamber 
were made to be such that upon passing -50 em the inci
dent antiprotons with an energy of- 2. 5 MeV came to a 
stop in central region of the chamber volume. The distri
bution of the stoppin8 points along the beam inside the 
chamber is shown in Fig. I. A clear peak is seen, and its 
posi t ion coincides with the calculated value, while its 
width is determined by the natural straggling of the an
tiprotons. 

Photographs of the streamer chamber volume were taken 
using two cameras equipped with Leitz lenses. The optical 
axes of the lenses were parallel to the electric and mag
neti c fields, anu the distance between them was 280 mm. 
Each photograph represented a picture of only a single 
antiproton interaction event. A triple scanning of the 
film was performed with an efficiency of 99.5%. 

For achieving a good track quality a C4 Hw admixtures 
of·o . I4% was "included in the 3He gas filling of the cham
ber. Events occuring within a 25 em long central region 
in t he chamber were analyzed. A total of 3I27 p3He anni
hilat ion events were found inside this fiducial volume. 
The charged prong multiplicity distribution for these 
event s is given in Table I. 

As one can see from Table I, I2.8% of the events invol
ve an even number of charged particles. Now, since the 
total charge of the final state in p 3He -annihilation 
equal s +I, no such events with an even number of tracks 
shoul d be observed, when the streamer chamber is filled 
with pure 3He, and given a IOO% detecting efficiency. 
However, owing to the interaction of antiprotons with thf: 
C4 H w admixture and to the ineffective operation of the 
chamb~r, which may lead to some of the dim tracks of weak
ly i onizing high-energy pions being lost as well as to 
the l oss of the short tracks (less than 0.5 em long) of 
spec t ator protons (- 3% of the total statistics), a cer
tain number of events may appear to be with an even num
ber of tracks. Since the admixture to the filling gas of 
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0 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 

TabZ.e 1 

ReZ.ative probabilities BA of p 3 He annihilation chan
neZ.s with differing charged particZ.e muZ.tipZ.icitie 

N ev 

2 
148 
119 

1098 
213 

1252 
57 

218 
8 

10 
I 
0 
I 

3127 

BA with account of 

"odd" events only 
Nev BA,% 

148 5.43+0.43 

1098 40.3 +0.9 

1252 45.9 +1.0 

218 8.0 +0.5 

10 o. 37+0. 12 

2726 

N ev 

150 

1217 

1465 

275 

18 

3125 

4.8+0.4 

38.9+0. 8 

46.9+0. 9 

8.8+0. 5 

0.58+0. 14 

Note: two events with Nch equal to 10 and 12 were conside
red to be annihilation events on the admixture . 

the chamber was sufficiently small (we estimated the 
events due to annihilation on the admixture to make up 
for only - 2. 4% of the total number of events) , such cases 
were not taken into account in determining the charged 
prong multiplicity distribution. The correction rela t ed 
to the inefficiency of the chamber operati0n was made 
assuming that only a sinele charged particle track may be 
lost in a given annihilation events. Then, in calcula ting 
the relative probability BAof obtaining Nch charged par
ticles each number Nch corresponding to events of od d 
track multiplicity was enhanced by the preceding number 
(Nch - I) of events with even track multiplicity. The fi
nal result is given in the last column of Table I. The 
above assumption concerning, the loss of a single particle 
track is justified by the results given in the 4th column 
of Table I. These figures are obtained by discarding all 
the events with even prong multiplicities and taking into 
account only events with odd track multiplicities f or cal
culating the respective branching ratios BA. One can see 
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that within the experimental error the adopted procedure 
does not alter the branching ratios of the various anni
hilation channels. 

For analysis of antiproton annihilation in 4He 1009 
event s were chosen. The corresponding charged prong mul
tiplic ity distribution is given in Table 2. 

Table 2 

Re lative pr obabilities BA of p4
He anni hi lation chan

ne l s with di f fe r ing charged partic l e multiplicities 

Number of prongs, Number of events, BA,% 

Nch N ev 

I 28 2.8 +0.5 
2 57 5.7 +o.7 
3 320 31.7+"1.5 
4 123 12.2 +!.03 
5 354 35. I +I.S 
6 42 4.2 +o.6 
7 76 7.5 +o . 8 
8 3 o. 3o+o. 17 
9 3 o. 3 +o. 17 

10 2 o. 2o+o.14 
II I o. 10+o. 10 -
I 1009 

The admixtures present in the ~e gas filling of the 
chamber were s O. 1%. In ~e less short tracks of spectator 
protons , than in 3He, were lost. We estimated the amount 
of events in which a track was lost to be -0.1% of the 
total number of events. 

It must be stressed that a streamer chamber operating 
at low pressure represents a very good instrument for 
studying charged particle multiplicities. Thus , for ins
tance, the tracks of a 250 keV a-particle or of a 160 keV 
proton are I em long in the chamber and are quite visible. 
In cont rast, the tracks of spectator protons in pd -anni
hilation events registered in a bubble chamber /14/ were 
not de t ected in 73% of the events. 

The relative probabilities of different annihilation 
channels involving different charged particle multiplici
ties may be conventiently compared, for differing nuclei, 
by comparing the number of negative pions producell. It is 
readily shown that in the case of annihilation on 3He 
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N 17 -= (Ncb- I)/2, while in the case of p4 He-annihila
t i on the charged prong multiplicities Ncb= I, 2+3, 4+5, 
6+7, ••• correspond, respectively, to events with Nrr-= 0, 
I, 2, 3, ... . · In Table 3 presented are the relative pro
babilities,B~, of negative pion production in annihi l a
tion of stopping anti~rotons on the 3He and 4 He nucle i , 
and on 2H (from Ref. 1 1 ). One can see that, although the 
values of Bi for the different isotopes of helium dif f er 
little, they differ quite noticeably from the corre spon
ding quantities for pd -annihilation. 

Table 3 

Relative pr obabilities of negative pion production 
in annihilation of stopping antiprotons with diffe
rent nuclei 

Nucleus Number of ne gative pions Nn -

0 2 3 4 

2H 2.9+0.3 30.7+0.9 5 2 . I+I.4 I4. I+0.8 
( f rom 
r e£. 161 ) 
2H 2.9 31.7 52.6 I 2 . 5 O.I6 
(theory) 
3He 4.8+0.4 38.9+0.8 46.9+0.9 8.8+0.5 0.58+0.I4 
4He z.i+o.s 36 . 8"+I . S 47.6+I.6 I 2 .J+J.O o.6 +o . 18 

The relative proba~ilities Bl can be computed knowing 
the yields . b~ and b~ of negative pions in pp- and jin -
annihilation, respectively, as we ll as the ratio R f r om 
(I): 

W ann . b i + W ann . b i 
p p n n • (2) 

Here wann and wann represent the annihilation probab i li-
• p n • • 

t1es en the proton and neutron, respect1vely, 1n the nuc-
leus; i is the number of negative pions. If one assume s 
the annihilation probability on the proton or on the neu
tron in the nucleus to depend only on their number and on 
the ratio R0 for free nucleons, then 

W ann 
p 

z W ann 
n 

(3) 
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where Z and N, respectively, are the number of protons 
and neutrons in the nucleus, and R0 represents the ratio 
between the annihilation probabilities on the neutron and 
on t he proton in the case of free nucleons. It is readily 
seen that, when Z = N, R equals R0 • 

I n Table 3 the calculated values are given of B A for 
pd - annihilation. The relative outputs bJ for pp annihi
lation are from Refs/ 15•161 with account of kaon produc
tion in the final state. The relative outputs b~ are ta
ken f rom Ref.117/. R0 is assumed to be R0 = 0.8. One can 
see t hat the multiplicity distribution for negative pions 
produced in pd annihilation is described well by rela
tions (3)-(4). However, from (4) it follows that for a 
given R0 the .multiplicity distributions for any nuclei 
with Z = N should be identical. Actually, this is not so, 
which is confirmed by the results for annihilation in 4He 
presented in Table 3. 

A possible explanation of the above discrepancy is that 
the pions produced in annihilation may undergo interac
tion in the final state with the nucleons of the residu
al nucleus and, thus, alter the relative probabilities 
Bl. In annihilation an average of 5 pions is created with 
a mean energy of T -220 MeV. Such pions may quite effec
tively interact with the residual nucleus.· However, not 
any final-state interaction (FSI) will lead to an altera
tion of the spectrum B l . A change in the number of nega
tive pions will only take place owing to reactions of the 
charge-exchange type: 

17- + p - 17 0 + n (4) 

17 0 + n - 17- + p (5) 

or to pion absorption: 

17 + 3He -- p + 2n. (6) 

Proces ses (4) and (6) lead to the loss of one negative 
annihi lation pion, while reaction (5) results in the pro
duction of an additional negative pion. Thus, variation 
of the negative pion multiplicity distribution is due to 
two pr ocesses counteracting each other. . 

In Figs. 2, 3 the relative probabilities B~ are pre
sented for annihilation of antiprotons in 3 He and 4He 
comput ed with account of FSI. The probability for a pion 
to undergo interaction in the final state with a nucleon 
of the residual nucleus was taken to be WFm = 0.2, while 
the pr obability of losing a negative pion through charge 
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JO 

20 

10 ---- H,/'3 

- --------------------- tyO 

0.2 0,4 o.a R 

Fig. 2. Relative probabi
lities BA for annihila
tion in 3He computed with 
account of FSI (solid li
nes) and without account 
of FSI (dashed lines). 
The shaded areas repr esent 
the experimental error 
corridors for channels 
with different negati ve 
pion multiplicities, rr-· 

exchange in the fina l sta
te was assumed to be \1cE:lf 
= 0.2 (approximately eq
ual to the ratio of t he 
cross section of reac tion 
( 4) to the total rr -p-in
teraction cross sect ~on 

in the !l 33 -resonance 
region). The probability for the FSI to result in the . 
production of an additional negative pion was considered 
equal to WcEx· In calculations the relative probabil i ty 
of each exclusive pp and pn annihilation channel, in 
which a given number of negative and neutral pions i s pro
duced, was taken into account, as well as the fact t hat 
the loss of a negative pion in the i-th pA annihilat i on 
channel led to the appearence of an additional event in 
the (i-1)-th bin of the 
multiplicity distribution. 11~· 
The results of calcula
tions for different R0 are 
represented by solid li
nes in the plots of Figs. 
2 and 3. One can see 
that taking into account 
the FSI does not alter 
the multiplicity distri
bution significantly, 
but the general agreement 
with the experimen~al da
ta does ~ecome better. 

30 

20 

-----------

Fig.J. Relative probabili
ties BA for annihilation 
in 4He . The notations adop
ted are the same as in 
Fig. 2. 

oL---~0~.2----~o~.,----~o~~----~o~~--R=-
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It must be stressed that, although taking into account 
of the FSI on the whole, leads to small changes in the 
probabilities Bl, charge exchange processes are,neverthe
less, themselves quite significant (see Table 4) and oc
cur in a great part (-10-20%) of the annihilation events. 

Table 4 

I nfluence of interaction in the final state on the 
r elative probabilities BAfor R

0 
= 0.8. 

WFSI = 0.2, WCEX = 0.2 wFm=0.4, w0EX0.2 

N,- BA ,% Change Change BA,% Change Change BA,% 
with- in BA in BA with in BA in BA with 
out ac- (%) (%) acco- (%) (%) acco-
count due to due to unt due to due to unt 
of FSI "o...,. "- "- ..... "0 of FSI 0 -TT -+ TT TT--+ TT 0 of FSI 

0 2.9 -0.3 +1.5 4. I -0.4 +2.7 5. I 
I 32.2 -3. I +4.4 32.4 -4.9 +7.4 32.5 
2 52.6 -3.4 +1.4 49.4 -5.8 +2.2 46.5 
3 12.5 -0.5 +0.02 14.0 -0.9 +0.03 15.2 

When the quantities R0 and WFsi are treated as free pa
ramet ers, the best agreement with experimental data is ob
tained with the following values: 

R0 • = 0. 35~0.0.7, WFSI 0. 15+0.03 for 3 He , 

1\, 0. 48~0. I, WFSI 0.08+0.05 for 4 He. 
(7) 

These values are in agreement with the previous result, 
R = 0 .42+0.05, of ref. 141 , in which the numbers of anni
hilation-events on a proton and a neutron of the 4He nuc
leus were measured directly using a smaller statistic of 
events and neglecting FSI effects. 

· How· can one interpret the extremely interesting fact 
that R0 deduced drom the data on p ~e and p4 He annihila
tion turns out to be twice as small as the value derived 
from pd annihilation? First of all, one can express doubt 
whether the simple relationship (3) between the annihila
tion probabilities on bound nucleons, Wn and Wp, and the 
corresponding probabilities on free nucleons is justified. 
It may turn out that the relation between R0 and Wn, WP 
changes significantly owing to the screening of nucleons 
in the nucleus. Let us estimate the screening effects 
utiliz ing simple semi-classical arguments, such 
14 



as the ones made use of by Glauber in Ref. I lSI • Let a pn 
be the probability for the proton happen to be in the 
"shadow" of a neutron; then 

(8) 

where fn is the annihilation probability on a free neu
tron, which is determined solely by the effective dime n
sions of the neutron, f n = rr r!nn , where r ann is the e f 
fective annihilation radius. The quantity rNN occuring in 
(8) is the mean distance between the nucleons in the nuc
leus. Then, it is not difficult, for instance, for p4 He 
annihilation, to write out the probabilities WP and W0 
with account of the mutual screening of the nucleons: 

wp 2fp (1 - app - zapn ), 
(9) 

wn 2fn(l- ann - zanp>. 

where aPP , ann and a np correspond to screenin~ correc t iops 
in the (pp ), (nn) and (np) systems, which are determined as 
in (8). Then, making use of (8)-(9) and taking into ac co
unt that fn / fp = R0 one can obtain the follwing relation
ship between R and R

0
: 

R 
1 - 1/4(rann/rNN )2(Ro + 2) 

1 -1/4(r /rNN) 2 (1 + 2R) ann o 

(I 0) 

The screening is most significant, when r ann = rNN • In 
this case, if R0 = 0.8 is substituted into (10), we ob
tain R = 0.69, which is noticeably larger than the experi
mentally observed values (7). If, which is more probab l e, 
the effective annihilation radius is smaller than the 
average distance between the nucleons in the nucleus, f or 
example, rann = rNN / 2 , then from (10), under the same 
assumption that R0 = 0.8, it follows that R = 0.79. Th s, 
the screening effect is small. 

In conclusion we note that in this work relative pr -
babilities have been measured of the production of dif f e
rent numbers of charged particles in the annihilation of 
stopping antiprotons in 3 He and 4 He. It has been found 
that the multiplicity distributions differ quite signi f i
cantly from the corresponding distributions for pd anni 
hilation. Analysis of the obtained results has revealed 
that the said difference cannot be due only to interac t ion 
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in t he final state of the annihilation pions or to scree
ning effects of nucleons in the nucleus. It was obtained 
that the annihilation probability on a proton bound in 
the nucleus is approximately twice as high as the proba
bilit y of annihilation on a neutron. This fact points to 
a significant domination of annihilation in the state 
with isospin I = 0 near the threshold. 

The authors are grateful to S.I.Merzlyakov for techni
cal assistance and G.A.Kulkova, M.N. Shelaeva and 
L.A. Vasilenko for their essential help in scanning and 
measurl ng the experimental material. 
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HADRON JETS IN DEEP-INELASTIC vN INTERACTIONS 
AND UNIVERSALITY OF THE JET PROPERTIES IN RELATIVE 
FOUR-VELOCITY SPACE 

A.M.Baldin, L.A.Didenko, V.G.Grishin, A.A.Kuznetsov, 
G.M.Maneva, Z.V.Metrevel i*, P.P.Temnikov 

A new definition of the jets as clusters in the 
four-velocity space has been used to make an invariant 
analysis of the jet production processes in vN colli
sions for the three energy intervals of the hadron 
system: <W> = 3.5; 4.9; 8.0 GeV. The obtained results 
are compared with the characteristics of the four 
dimensional jets in various types of interactions: 
pp, pp, rr-p, rr-C, pC and pTa at energies from 6 t o 
205 GeV. The characteristics of the four-dimensional 
jets in soft and hard interactions are shown to be 
universal, i.e., independent of neither the type of 
the fragmenting system (p, p, "-, C, q ) , nor the col
lision energy for Plab ~ 22 GeV I c (Vs = W > 6 GeV)". 
The obtained result means that the hadronization of 
the colour charges is determined by the dynamics of 
their interaction with vacuum. 

~he investigation has been performed at the Labo
ratory of High Energies, JINR. 

CTpy~ aApOHOB e rny6oKOHeynpyr~x VN-e3a~MOAe~cTB~Hx 

~ yH~eepcanbHOCTb ~x xapaKTep~cT~K e npocTpaHCTBe 

4-MepH~X OTHOC~TenbH~X CKOpOCTe~ 

A.M. Ban,z:um H AP. 

Ha OCHOBe HOBOrO onpeAeneHHH CTpYH K&K KnaCTep oB 

B qeTbJpexMepHOM npOCTpaHCTBe OTHOCHTenbHbJX CKOPOCT e i% 

npOBOAHTCH HHBapHaHTHbll aHanH3 CTpyi1:Horo POlKAeHHH 

&ApOHOB B vN -CTOllKHOBeHHHX AllH Tpex HHTepBaJIOB 3H€ p

rHH W aApOHHOH CHCTeMbJ! <W>= 3,5; 4,9; 8,0 fgB, P.ony
qeHHbJe pegynbTaTbJ CpaBHHBaiOTCH C xapaKTepHCTHKaMH 

qeTwpeXMepHb~ CTPYH B pa3nH"'Hb~ THnax B3aHMOAeH:c~BHi1:: 

pp, pp, 1r-p, 1r-C, pTa, pC B o6naCTH 3HeprHH OT 6 AO 

205 fgB. IToKa3aHo, "'TO xapaKTepHCTHKH qeTbJpeXMepHbiX 

CTpyi% B MHrKHX H JKeCTKHX B3aHMOAeHCTBHHX YHHBepCaJibHbl, 

T, e, He 3aBHCHT HH OT THna «l>parMeHTHpYIOJ\IeH CHC TeMbJ 

*High Energy Institute of Tbilisi State Universi t y. 
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( p , p , ,-, C , ,.9.), HH OT nepBH'IHO:li 3HeprHH AJIH Pna6 > 
> 22 r3B/c (vS = w > 6 r3B). IIonyqeHHbm pesyJibTaT 

03HatJ:aeT, 'ITO aApOHH3a~HH ~BeTHb~ 3aPHAOB onpeAeJIH
eTCH AHHaMHKO:li HX B3aHMOAe:liCTBHH C BaKYYMOM. 

Pa6oTa BbinOJIHeHa B ITa6opaTopHH BbiCOKHX 3HeprHH 
murn. 

A new relativistic invariant method ·was suggested in 
refs . 11 •2 •31 to obtain the characteristics of the hadron 
jets i-n soft hadron-hadron ( ,-p, pp , pp ) and hadron
nucleus (tr-C, pC, pTa ) interactions in an energy range 
of 6 -:- 205 GeV. 

I n this method the ·multiple particle production pro
cesses 

I+II-+1+2+3.... (I) 

are considered in the space the points of which are the 
four-velocities u1= P1/m 1, where P 1 are the four-momenta 
of the particles divided by their masses m1. The positive 
invariant quantities having the meaning of the squared 
distances in this space, 

2 
blk --(ul-uk) =2[(uluk) -1], (2) 

where i,k = I, II, I ,2,3 ••• , are basic variables describing 
the r e lative particle motion. 

The idea o~ introducing the b1k variables consists in 
that t he cross section of processes (I) have the following 
proper ties: in definite domains of these variables the btk 
distr i butions decrease monotonously and rather rapid~ 
with i ncreasing blk. These properties are formulated 1as 
the correlation depletion principle (CDP), which results 
in the fact that the distributions describing multiple 
partic le processes are factorized in the four-velocity 
space bik' i.e. decay into factors assigned to different 
clusters in this sp.ace. 

In the present paper CDP has just been used to formu
late a new approach to hadron jets: the jet is considered 
as a cluster with relatively small blk values in the re
lative velocity space. The jet axis is determined as a 
single four-vector V that is extracted from the condition 
of minimum of the quantity: 

l: b k = - l: (V - u k) 2 • 
k k 

(3) 
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Summation is performed over the particles belonging t o 
a separated group of particles. Quantity (3) is minima l 
for 

V '"' I uk I v ( I uk ) 
2 

• 
k k 

(4) 

In the pp , pp , ,-p, ,-c, pC and pTa interactions t he 
hadron jets produced in the beam and target fragmenta t ion 
regions were selected using the relativistic invariant 
method, and the bk distributions of different particle s 
in the jets were studied. 

The results of this analysis have shown that the pr o
perties of the four-dimensional jets are independent of 
neither the type of the fragmentating system("-, p, P,C). 
nor the collision energy for E ~ 22 GeV. These experimen
tal facts have pointed out that the hadronization of 
quarks, diquarks and multiquark systems at high energi es 
is identical in these variables and determined by the in
teraction dynamics of colour charges with vacuum. In t his 
connection it is particularly important to apply the sug
gested method to the processes in which, as is genera l ly 
agreed, the jets are produced due to the hadronization of 
colour objects in vacuum. It is interesting tb analyse the 
properties of the hadron jets in deep inelastic lepton
nucleon collisions in which, according to the present l y 
existing ideas, an "isolated" (knocked-out) quark and 
a diquark the hadronization of which is similar to the 
soft hadronization of quarks and diquarks in hadron colli
sions (fig. I) are produced. 

To this end, we have analysed the hadron jet proper ties 
using the experimental material on vN interactions ob t ai
ned by the IHEP, ITEP, FNAL and Michigan State Uniserv ity 
Collaboration. 

The data on vN interactions were obtained with the aid 
of a IS-foot bubble chamber filled with a neon-hydrogen 
mixture (64% of Ne atoms) at the FNAL accelerator. The 
chamber was exposed to a beam of muon antineutrinos wi th 

~(f) 

Fig .1. The diagrams of . iip interaction. 
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Summation is performed over the particles belonging t o 
a separated group of particles. Quantity (3) is minima l 
for 

V ~ I uk I v (I uk) 
2 

• 
k k 

(4) 

In the pp , pp , ,-P, ,-c, pC and pTa interactions t he 
hadron jets produced in the beam and target fragmenta t ion 
regions were selected using the relativistic invariant 
method, and the bk distributions of different particles 
in the jets were studied. 

The results of this analysis have shown that the pr o
perties of the four-dimensional jets are independent ~ f 
neither the type of the fragmentating system (rr -, P, P , C) 
nor the collision energy forE~ 22 GeV. These experimen
tal facts have pointed out that the hadronization of 
quarks, diquarks and multiquark systems at high energ i es 
is identical in these variables and determined by the in
teraction dynamics of colour charges with vacuum. In t his 
connection it is particularly important to apply the sug
gested method to the processes in which, as is genera l ly 
agreed, the jets are produced due to the hadronization of 
colour objects in vacuum. It is interesting ro analyse the 
properties of the hadron jets in deep inelastic lepton
nucleon collisions in which, according to the present l y 
existing ideas, an "isolated" (knocked-out) quark and 
a diquark the hadronization of which is similar to the 
soft hadronization of quarks and diquarks in hadron c lli
sions (fig. I) are produced. 

To this end, we have analysed the hadron jet proper ties 
using the experimental material on vN interactions ob t ai
ned by the IHEP, ITEP, FNAL and Michigan State Uniserv ity 
Collaboration. 

The data on vN interactions were obtained with the aid 
of a IS-foot bubble chamber filled with a neon-hydrogen 
mixture (64% of Ne atoms) at the FNAL accelerator. The 
chamber was exposed to a beam of muon antineutrinos wi th 

Fig .1. The diagrams of . iip interaction. 
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a broad energy sp·ectrum. A total of about 8000 interac
tions of the type 
~ + 
v + N ... p. +I. ht 

i 

in wh ich Ef ~ 4 GeV and E;: ~ I 0 GeV, in this case < E~ > = 
/ 4 v 2 2 v 

= 35 GeV , were measured. The events with Q = -q ?. 
~ I (GeV/c)2 and 

XB = Q;.t 2Mv ~ 0.1, (5) 

where q is the four-momentum transfer; M, the nucleon 
mass; and v = E ;:; - E p.+ , the energy of hadrons in the la
boratory system, were selected to separate deep inelastic 
iiN coll isions with valent u -quarks. To separate the mul
tiple particle production region W was required to be W2 ? 
~ 9 GeV2 (W is the total hadron energy in the c.m.s.). 
According to these criteria, 2383 interactions were se
lected . The conditions I. e 1 = 0 or -I and nN 'S.I (e 1 is 

l 
the charge of secondary particles and nN the number of 
secondary nucleons in the interaction) were used to ex
clude nuclear effects .which are due to cascade nucleon 
reproduction in the nucleus. As a result, we had selected 
about 1000 events of deep inelastic i! collisions with 
valent u -quarks and W2 ;::, 9 GeV 2. 

It is generally accepted that in the vNcollisions the 
partic les with Yt > 0, where Yi is the hadron rapidity in 
the.c .m.s., ar~ attributed to the knocked-out quark jet 
and t he particles with y*<O to the jet of the diquark 
spectrator. For the pion ~ets selected in such a way (pro
tons were not considered in this analysis)the jet axis was 
found by formula (4) and the bk distribution (3) of "- -
mesons was obtained by analogy with the hadron-hadron and 
hadron- nucleus collisions considered earlier. In orcler to 
clear up the energy dependence of the pion bk distribu
tions i n the vN collisions , the latter were divided into 
three energy intervals: I) W = 3 + 4 GeV, 2) W = 4 + 6 GeV 
and 3) W <:. 6 GeV. Figure 2 shows the bk distributions of 
"±mesons (the"+ and "..:.bk distributions are the same) in 
the jet s produced in the fragmentation of the knocked-out 
quark and the diquark spectator for the three energy in
terval s of the hadron system. In the bk ~ 2 region all the 
distributions have an exponential character. 

The average <bk > values and B slope distributions ob
tained by approximation 

dN/dbk ,., Aexp(-~/B) 
are given in Table I. 
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3. <w<4. 

~K 
<£K>=28!0,1 

10 

3.<w<4. 

dN (f>K> = 2,5 t 0,1 
~I( 

o 4 I 12 16 

'V N -colli.sLons 
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4.<w<6. 

( f, K >=3,2 ! 0,1 

t!K + ~K 
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(gl<) = .3,5 t 0,.! 

Fig . 2 . The bk di s tribution s of "± mesons in 
vN colli s ions in t h e fr agmentation r egio n 
o f curr ent and ta r ge t in different W ene r gy 
interval s. T he sol id li ne s shows the re s u lt s 
o f app r oximating da t a b y the exponential 
dependence . 
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Table 1 

The average <bk > values and B slope for rr- mesons 
in iiN collisions 

W, GeV Current Fragmnetation Target Fragmentation 

<bk > B <~> B 

3+4 . 2.8 ±0. I 2.5 ±0.3 2.54±0.12 2.22±0.26 
4+6 3.22±0.09 2.71±0.20 2.91±0.13 2.58±0.26 
~ 6 3. 71 ±0. 12 3.52±0.26 3.47±0.17 3.95±0.66 

As is seen from the table, the average <bk> and B va
lues are identical within the experimental errors for 
the quark and diquark fragmentation at the same W energy 
and grow with increasing W. In this case the average size 
of t he jet is equal to <bk> = :¥.-4. In order to make a mo
re exact comparison with the data on hadron-hadron and 
hadron-nucleus collisions, the jets in the vN collisions 
were selected by a cut off with respect to the variable 
x in just the same way as this was done in soft hadron
hadron and hadron-nucleus collisions. We denote the jet 
produc tion process in thevN collisions as follows: 

;; + N .. J q + J 9q ' (7) 

where J q is the knocked-out quark jet and Jqq the diquark 
spectr ator jet. The .particles belonging to one or another 
jet were selected with the aid of the invariant variables: 

k X q = (P qq . p k) I (Pq . p qq ) :. 0.1 • (8) 

x~q = (Pq·Pk)/(Pq.pqq) :_0.1, (9) 

where Pq=XPN+q, Pqq= _(1-x)PN. Here PN,Pkare the 
four-momenta of a nucleon and a k -th particle, the indi
ces q (q~ show that the particle belongs to the jet of 
either the knocked-out quark or diquark spectrator. In 
addit i on, in order to separate the hadrons in the jet 
overlap region, an auxiliary condition was used: Y ~ ~ 0 
for t he quark fragmentation and y: < 0 for the diquark 
fragmentation. The bk values for rr-mesons thus obtained 
for t he three energy intervals are presented in Table 2. 
The <b k(rr- ·)> values for the vN interactions are seen to 
coinci de, within one standard deviation, with the <bk(rr-» 
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Table 2 

Type of Plab • (GeV/c) Fragmentation <hit(rr-)> * 
collision w, GeV region 

pp 205 ( y' s = 1 9 . 7) target fragment. 4.5 ±0 . 1 
-rr-p 40(y'S = 8. 7) beam fragment. 4.21±0 . 03 

,-c 40 beam fragment. 4.19±0 .04 

i:N <W > = 8 current fragment. 4.12±0 . 17 

,-p 4o(y'S = 8. 7) target fragment. 4.06±0 . 04 

,-c 40 target fragment. 4.36±0 . 04 

ii:N <W>"= 8 target fragment. 4.16±0 . 30 
-
PP 22.4(y'S = 6.6) target fragment. 3.95±0 . 03 

vN <W>= 4.9 current fragment. 3.68±0 . 11 

vN <W >= 3.5 current fragment. 3.17±0 . 11 

iiN <W> = 4.9 target fragment. 3.45±0 . 19 

p(C)Hg)+pTa 10 target fragment. 2.13±0 . 04 

pp 12(\f'S= 4.9) target fragment. 3.53±0 .01 

pp 5.7(y'S = 3.6) target fragment. 3.21±0 . 01 

vN <W>= 3.5 target fragment. 2. 75±0 . 15 

*statistical errors are presented in the Table. The 
systematic errors that are due to the incorrect identi f i
cation of positive particles are 5f 10%. 

values for the soft jets in hadron-hadron and hadron-n -
cleus collisions at equal energies y'S = W in the c.m.s . 

Figure 3 shows the main results of this analysis: t e 
average <bk > values pp , ,-p , .-c, PP, ~,pTa and iiN pro
cesses are plotted against the energy y'S = W in the c.m.s. 
The figure also presents the <bk>calculations obtained by 
the LUND model 151 for,- mesons in_the beam target frag
mentation for 40 and 360 GeV/c (vS = 8.7,26 GeV) rr-p co ll i
sions which satisfactorily describe one-particle distr i 
butions in the experimental w-p data 181 • TJ!.!! average <b k> . 
values are seen to grow with increasingy'S = W, and for 
yS> 6 GeV (bJ

1
J

2 
= -(VJ

1 
- VJ

2 
)

2 ~ 10) they reach the 

asymptotic regime. The average size of the pion jet is 
<bk> :: 4. 
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Fig. J. The dependence . of the average <bk> va lues 
of rr- mesons in j ets of various processes on y S =W 
i n the c .m. s. 

This analysis has shown that the bk distributions of 
hadrons in the jets have a universal character in both 
soft and hard particle collisions which is independent of 
neither the type of a fragmenting system (N, "-L-p, C, q), 
nor t he collision energy for Plab ;:: 22 GeV/c (y S = W > 
> 6 GeV). 

Thus, we can conclude that the hadronization of the 
quarks and diquarks in soft and hard particle interac
tions in the 4-v.elocity space is universal, that is inde
pendent of neither the origin, nor the properties of the 
colour quark system. It seems to us that this universali
ty i s due to the interaction properties of colour charges 
with vacuum and means that the colour charge hadronization 
in vacuum is independent of the production process. The 
asymptotic regime sets in at E (E ) > 3 GeV. 

The QCD calculation of thes~ di~<ltrfbutions as universal 
parameters of strong interaction physics is of particular 
inter est. 
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K AHOMAnOHHO~ TPAKTOBKE CTOnKHOBEHH~ 40
Ar + Cu 

nP H 3HEPrHRX 0,9 H 1,8 r3B HA HYKnOH 

K. A.ToncToe 

06cYJK,JJ;eHbl YCJIOBHfl H pe3yJibTaTbl OllbiTOB no Heynpy
f'HM CTOJIKHOBeHHflM HOHOB 40 Ar C .ll,IJ;paMH Me,IJ;H npH 
3HeprHHX I , 8 H 0, 9 f3B Ha HyKJIOH 1 6 1 • I1oKa3aHa 
HeCOCTO.IlTeJibHOCTb TpaKTOBKH aBTOpaMH 1 6 1 HX OllbiTOB 
Ha OCHOBe KOH~en~HH aHOMaJIOHOB C BpeMeHeM ~H3HH 
-2·10-lOc H/HJIH "pacxo~eHHH C H3BeCTHOH .ll,IJ;epHOH 
cPH3HKort", ~aHO 06'b.llCHeHHe pe3yJibTaTOB / 6 / Ha OCHO
Be H3BeCTHb~ 3aKOHOMepHOCTeH. 

Pa60Ta BbinOnHeHa B ITa6opaTOpHH BbiCOKHX 3HeprHH 
OJ.UIYI. 

About Anomalon Interpretation of 40 Ar + Cu 
Col] isions at 0.9 and 1.8 GeV per Nucleon Energies 

K.D.Tolstov 

The paper 1 6 1 concerning the results of inela
stic collisions of 1.8 and 0.9 GeV per nucleon 40Ar 
with copper is discussed. · The authors of ! 6 / explai
ned their experimental results on the basis of ano
malons of lifetime r :::: 2 · 10-10 s and/or "inconsisten
cy with'the known nuclear physics": In the present 
search it is shown that such conclusions are unte
nable, and the data of 1 6 1 are explained by the 
known physics. ' 

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

. 8 H aCTOR~ee epeMR no COBOKynHOCTH 60ilbWHHCTBa pa6oT, 
B~nOilH eHH~X C nOMO~b~ pa3I1H4H~X MeTOAOB / l- 3 ' , CileAyeT, 
4TO KOH~en~HR aHOMailOHOB He HaXOAHT nOATBeP~AeHH~. nepe~e 

y6eAHTeilbH~e AaHH~e, nOKa3aBWHe OTCyTCTBHe aHOMailbHO 
60ilbWHX Ce4eHHA ¢parMeHTOB peilRTHBHCTCKHX RAep, no
Ily4eHbl B pa60TaX /11 C nOMO~b~ ¢0T03MYilbCHOHHOA MeTOAHKH, 
C KOTOpOA H 6~no e 14•51 3aRBileHO 0 Hai1H4HH aHOMailbH~X 
3¢$eKTOB. 0AHaKO B OnbiTaX no B3aHMOAeACTBH~ HOHOB 40 Ar 
C RAp aMH MeAH npH 3HeprHRX 0,9 H 1,8 r3B Ha HYKilOH 1

6 / 

pe3yil b TaT~ TpaKTY~TCR Ha OCHOBe KOH~en~HH aHOMailOHOB . 
3TH pa60Tbl BblnOilHeH~ MeTOAOM paAHa~HOHHOA cneKTpOCKOnHH, 
4TO, no HaWeMy MHeHH~, npeACTaen~eT MeHee aAeKBaTH~A cy-
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~ecTey eonpoca cnoco6. Aei1cT8HTenbHO, 8 Hcnonb308aHHOH 
&16 1 MeTOAHKe aKTH8HOCTb AeTeKTOpa 803HHKaeT npH 83 a HMO
AeHCTBHH nep8H4H~X ~Aep, HX ~parMeHT08 H 8CeH CYMM~ r eHe
PHPQBaHH~X 8 cTonKH08eHH~x c MHWeH~MH 4aCTH~. CneAoB a Tenb
HO, HeOAH03Ha4Ha 3aAa4a B~AeneHH~ 83aHMOAeHCTBHH TOn b KO 
~parMeHTOB nep8H4H~X ~Aep H TeM 6onee - AHCKPHMHHa~H~ HX 
no Ce4eHH~M HnH 8peMeHaM ~H3HH. 

H3llO>KHM H aaTeM paa6epeM MeTOAHKY H B~80A~ pa6oT~ 16 1 , 
B KOTOPOH HOHaMH o6lly4allHCb MeAH~e AHCKH AHaMeTpOM 8 CM 
H TOllUIHHOH 1 CM. 

Pacnollo~eHH~H 6llH>Ke K ny4KY AHCK HMeHOBallC~ MHWeH b ~, 

a ClleAY~HH - AeTeKTOpOM, KOTOP~H ycTaHa8llH8allC~ 8nllOTHY~ 

K MHWeHH HllH Ha paCCTO~HH~X 10 H 20 CM OT Hee /CM. p~ C. 1 
H3 pa6oT~/6 / /. AKTH8HOCTH, Ha8eAeHH~e B MHWeHH H AeTeK~ 
Tope, HCClleAo8allHCb c noMOlllb~ y-cneKTPOCKOnHH. Peayll b TaT~ 

on~TOB npH8eAeH~ Ha pHC. 2 H 3 Ha 16 1 B 8HAe OTHOWeHHH 
aKTHBHOCTH 8 AeTeKTope K aKTH8HOCTH MHWeHH npH d = 0 , R0 , 

d = 1 0 eM, R 10 d = 20 eM R 20 An~ A8YX 3Ha4eHHH 3HeprH 
ny4Ka 40 Ar • npH8eAeM AOCll08HO OCH08H~e 8b180A~ pa6oTbl 

16 1
: 

"HaWH peayllbTaTbl MoryT 6~Tb 06b~CHeHbl OAHHM H3 A8YX He 
caMOCOrllaCOBaHH~X 3~~eKT08 HllH HX KOMfiHHa~HeH. 

nep8oe. Mbl nocTyllHpyeM o6paaoeaHHe H08oro, Heo6~4 oro, 
KOPOTKO>KH8Ylllero ~parMeHTa 8~COKOH 3HeprHH, KOrAa 3HeprH~ 
ny4Ka 803pacTaeT OT 0,9 A r3B AO 1,8 A r3B. ECllH Mbl pH
MeM, 4TO yMeHbWeHHe R All~ 1,8 A r3B C8~3aHO TOllbKO c pac
naAOM aHoMallbHbiX ~parMeHTOB I Z > 3/, TO 3TO yKaa~eaeT Ha 
epeMR HX ~H3HH - 2 · 1 Q-10 C. 

BTopoe. M~ nocTyllHPYeM HcnycKaHHe BTOPH4HbiX 4aCTH 8~

coKol::i 3HeprHH C HeO>KHAaHHO WHPOKHM yr ll08biM pacnpeAelle HHeM, 
T.e. C 60llbWHMH nonepe4H~MH HMnYllbCaMH - npo~ecc, KOTOp~H 

He COrllaCyeTCR C H3BeCTHOH RAePHOH ¢H3HKOH~ 
B Aei1cT8HTellbHOCTH, Ha PHC. 2 H3 -' 6 1 TPYAHO ycMoTpe Tb 

pa3llH4He 8 8ellH4HHax R0 H R 20 , KOrAa 3HeprHR ny4Ka y ellH-
4HBaeTc~ OT 0,9 A AO 1,8 A r3B. 6ollee Toro, paHee 8 16 1 
OTio\e4allOCb: "An~ 1 ,8 A r3B 40 Ar ' 3a8HCHMOCTb Ro OT A All~ 
A > 40 nOA06Ha 3a8HCHMOCTH npH 0,9 A r3B HCKll~4a~ CA8 Hr 
K HeCKOllbKO MeHbWeH BellH4HHe /A- 50/. 3Ha4eHHe Rro An~ 
A > 40 TaK>Ke nOA06HO 8ellH4HHe, nolly4eHHOH npH 0,9 A r 3B. 
0AHaKo All~ A < 30 3Ha4eHHe R0 H3MeH~eTc~ OT 1, 2 AO 1 ,6". 
noclleAHee H3MeHeHHe, no HaweMy MHeHH~, C8~3aHo c y8ellH4e
HHeM 8~XOAa ~Aep C Mall~MH "A" npH y8ellH4eHHH 3HeprHH ny4Ka. 

• 1 61 
~aKTOPOM, OnPeAell~~UIHM ~HTHp08aHH~e OCH08H~e 8~80A~ , 

ABllAeTC~ yMeHbWeHHe R npH nepexoAe OT d = 0 K d = 2 0 CM, 
4TO HMeeT MecTo All~ o6oHx 3Ha4eHHH 3HeprHH 40 Ar • B o 6llac
TH 3Ha4eHHH A = 40760 /pHC. 1/ 3Ta 8ellH4HHa R H3MeH~eTc~ 
oT 2,0 AO 1,2. 0cH08HOH ynop AellaeTc~ Ha H3MeHeHHe RAn~ 
AAep 24 Na H 28 Mg , noKaaaHHoe Ha pHc. 2. 

27 



-- ····~ 06bRCHeHHe 3THM 
peaynbTaTaM 6yAeM 
HCKaTb, HCXOAR H3 
B3aHMOAe~CTBH~ nep
BH4H~X RAep 40 Ar, 
$parMeHTOB ny4Ka, 
$parMeHTOB RAeP Cu 
H reHepHpOBaHH~X 
nHOHOB B 3aB~CHMOC
TH OT reOMeTpH4eC
KHX ycnOBH~ on~Ta, 
T.e. npH d = 0, 10 
H 20 eM. PaccMoTpe-

40Ar Cu 

D --- -'--------- ---- - -

PHC, I. 

HHe npoBeAeM AnR 
3HeprHH 1 , 8 r3B, npH KOTOpO~ B /S I 3$$eKT~ 6onee B~pa>KeHbl. 

1, 04eBHAHO, 4TO aKTHBHOCTb MHWeHH, B~3~BaeMaR nepBH4-
H~M n Y4KOM 40 Ar, He 3aBHCHT OT d, ~anee MO>KHO npHHRTb, 
4TO OTpa>KeHHe BTOPH4H~X 4aCTH~ OT AeTeKTOpa K MHWeHH Mano, 
cneAOBaTenbHO, CyMMapHaR aKTHBHOCTb MHWeHH EM He 3aBHCHT 
OT d , 0603Ha4HM aKTHBHOCTb 
MHWeHH 3a C4eT nepBH4HOrO ny4-
Ka 4ep e3 "a"; aKTHBHOCTb, B~-

3~BaeMyiO $parMeHTaMH nY4Ka, -
- b, a KTHBHOCTb npH B3aHMO
Ae~CT B HH $parMeHTOB MHWeHH H 
reHepHpOBaHH~X nHOHOB, - C. 

EM= a + b + c. 

B COOTBeTCTBHH C I ? I Ce4e
HHe He y npyroro B3aHMOAe~CTBHR 
HOHOB 40 Ar c Cu paeHo a = 
= 2,65 · 10-24 CM2, cpeAHH~ np0-
6er e A= 4,5 eM; cneAoea
TenbHO , Ha TOn~HHe MeAH 1 CM 
ocna6ne HHe nepBH4HOro ny4Ka 
COCTaBn ReT 0,2. 

·2. AKTHBHOCTb AeTeKTOPa 
npH d = 0, o4eBHAHo, cnara
eTCR H3 aKTHBHOCTH, C03AaBa
eMO~ n y 4KOM 40 Ar c HHTeHCHB
HOCTbiO 0,8 OT nepBH4HO~, 
nniOC a KTHBHOCTH OT $parMeH
TOB ny4 Ka, MHWeHH H nHOHOB, 
nonaAaiO~HX H3 Hee Ha AeTeK
Top. n po6er 3THX 4aCTH~ B Ae
TeKTOpe BABOe 6onbWe HX npo-
6era B MHWeHH, T , K. OHH nona-
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Aa~T Ha AeTeKTOP S roTOSOM SHAe, a He S03HHKa~T no SCeH 
Ton~HHe MHweHH. CneAosaTenbHO, aKTHSHOCTb AeTeKTopa aa 
C4eT <!>parMeHTOS ny4Ka: b 0 = 2 b , a 3a C4eT <!>ParMeHTOS MH
weHH H nHoHos: C0 = 2c. CyMMapHa~ aKTHSHOCTb AeTeKTopa 
npH d = 0 pasHa: 

E 0 = O,Sa + 2,8(b + c). 

3. AKTHSHOCTb AeTeKTOpa npH d = 10 H 20 CM 3a C4e T 
nepSH4HOrO ny4Ka, 04eSHAHO, OAHHaKOSa CO cny4aeM d = 0 , 
T.e. paSHa: 0,8 /a + S + c/. AKTHSHOCTb 3a C4eT <!>parMeH
TOS CneKTaTOpOS - b c TaK>Ke paSHa ee 3Ha4eHHIO npH d = 0, . 
T.e. b10 = b 20 = 2bc, T,K. <!>parMeHTbl, He HCnbiTaSWHe S3aHMO
AeHCTSH~, SblneTaiOT C ManbiM OTKnOHeHHeM OT HanpasneHH~ nep
SH4HOrO ny4Ka, H see nonaAa~T Ha AeTeKTOp . AKTHSHOCTb OT 
HyKnOHOS CHap~Aa, HCnbiTaSWHX HeynpyrHe CTOnKHOSeHH~, b H 
H b = be+ bH. Mo>KHO npHH~Tb, 4TO 4Hcno HyKnoHos-cneKT a
Topos H HYKnOHOS, HCnbiTaSWHX HeynpyrHe CTOnKHOSeHH~, 

OAHHaKOSO, a HMeHHO no 20. 3TO COOTSeTCTSyeT <!>ParMeHTa~HH 
~AeP 12C H 22 Ne Ha ~Apax <!>OT03MYnbCHH I B I , HMeiO~HX c peA
HHH aToMHbiH sec ~60, T.e. 6nH3KHH K Cu. Aanee npHMeM, ~.~~o 
cpeAHHH aToMHbiH sec <!>parMeHTOs-cneKTaTopos - 4 /nposOAH-

~ MbiH HH>Ke paC4eT HeKpHTH4eH no OTHOWeHH~ K 3THM npeAnono
>KeHH~M, KaK noKaaaHo s Ta6n. 2 ' H 3/. CpeAHHH npo6er 3THX 
<!>parMeHTOS S MeAH < A> = 9 CM, H sepO~THOCTb HX S3aHMO
AeHCTSH~ S MeAH Ha cpeAHeM nYTH 0,5 CM pasHa 0,056, cne
AOSaTenbHO , be= 0,2.5.0,056 =0,06. 

HyKnOHbl CHap~Aa, HCnbiTaSWHe HeynpyrHe CTOnKHOSeHH~ , 

HMe~T < .\ > = 18 CM, OTKYAa bH = 0,2.20.0,5.18-1 = 0,11 

0,17. 

K03<1><!>H~HeHT 11 c 11
, pasHbiH c = C17 +C cpp,M pacC4HTaeM, Hcnonb

ay~ An~ c" AaHHble no pn -cTonKHoseH~~M nPH 2 13B / 9 / , 

no KOTOPbiM < n 17 ± > = 0, 5. CpeAHHH nyTb S MHWeHH C y4eTOM 
yrnosoro pacnpeAeneHH~ nHOHos - 0,6 eM, a < .\ 17 > = 24 eM, 
OTKYAa C17 = 0,2.0,5.20.0,6.24- 1 = 0,05. 

Ha OCHOSaHHH pa60T 1 10 I 6biCTPble <!>parMeHTbl MHWeHH - HyK
nOHbl HMeiOT aHeprH~ AO 500 MaB H < E > = 150 M3B, T. e. 
AOCTaT04HY~ An~ C03AaHH~ OCTaT04HbiX ~AeP C < A > ::; 30. 
Aon~ 3THX HYKnoHos cocTasn~eT 2/3 H pacTeT c pocTOM ac
Cbl CHaP~Aa. B / S / 4HCno <!>parMeHTOS MHWeHH npHHHMaeTC~ 3a 
17. B cooTseTcTSHH c 3THMH AaHHbiMH aa o~eHKY 4Hcna <t>par
MeHTos MHWeHH c 3HeprHeH 6onbwe < E > npHMeM 4. Cornac 
Ho 1 11 1, H3 yrnosoro pacnpeAeneHH~ nony4HM cpeAHHH ny Tb 
HyKnOHOS S MHWeHH - 1 CM, a C = 18 CM. 

CneAosaTenbHo, Ccpp.M = 0,2.4.18- 1 ; 0,05 H c = 0 , 1. 
An~ AanbHeHWHX pac4eTos He06XOAHMbl BepO~THOCTH w nonaAa-
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H~R npOB3aHMOAe~cTBOBaBW~X HyKnOHOB CHapRAa, n~OHOB ~ 
$parMeHTOB M~WeH~ , Ha AeTeKTOp np~ d = 10 ~ 20 CM. O~eH~
saR 3T~ BepORTHOCT~ Ha OCHOBe pa6oT 111 • 12 ~ B~nOnHeHH~X 
np~ 3Hepr~~ RAep 22 Ne' 3,6 r3B Ha HYKnOH, 4TO YMeHbwaeT 
yrn~ B~neTa 4aCT~~. M~, 04eB~AHO, 3aH~maeM paCC4~T~BaeM~~ 

3$$eKT. 
BepoRTHOCT~ o6pa3oBaH~R ~3oTonos c < A > - 50 ~ < A >-25 

paCC 4~TaeM no OTHOWeH~~ K $parMeHTaM CHaPRAa, np~H~MaR 

AnR H~x sepoRTHOCTb pasHo~ 1. Aanee ~cnonb3YeM p~c. 3 
~3 I 13 1, KOTOp~~ noKa3~BaeT AnR MeA~ OA~HaKoBy~ 3aB~C~MOCTb 
OT 3Hepr~~ OTHOC~TenbH~x ce4eH~~ a 24 Na/a so Co AnR rr- , p, 
12c ~ 40 Ar ; p~c. 10 ~3 1 141 - s~xoAa ~3oTonos no MaccaM 
AnR Tex me CHapRAOB B 3aB~C~MOCT~ OT 3HeprH~. P~c.5 ~3 1 1 51 

AaeT 3aB~C~MOCTb ce4eH~~ KaK $yHK~~~ Mace~ ~3oTonos Ann 
B3a~MoAe~cTB~R c Cu , 40 Ar, 12 C ~ npoToHoB. 

B Ta6n. 1 np~BeAeH~ ~cnonb30BaHH~e AnR pac4eTos napa
MeTpbl H Ha~6onbw~e 3Ha4eH~R na w , T .e. BKilaA B aKT~B
HOCT b AeTeKTopa Aa~T HyKnOH~ CHapRAa, ~Cn~TaBw~e Heynpy
r~e cTonKHoBeH~R. AKT~BHOCTb AeTeKTopa Ha paccTORH~~ d 
pasHa : 

Ed ~ O,S(a + b + c ) ~ 2bc + 2w H · bH + 2( w17 C 17 + fd cjlp.M· ccjlp.M) 

/sepORTHOCTb nonaAaH~R Ha AeTeKTOP $parMeHTOB CHaPRAa - 1/. 
no 3TO~ $OpMyne c ~cnonb30BaH~eM napaMeTpoa, KOTop~e o6-
cymAe H~ paHee /eM. Ta6n. 1/, 6~n~ pacc4~TaH~ sen~4~H~ 

1 6 ~ ~:M~ - ·-·· 
---·---
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! t24No 
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E ~ R • OH~ np~BeAeH~ a neps~x CTpoKax Ta6n~~ 2 ~ 3, 
B KOTOP~X AaH~ pe3Y1lbTaT~ ~ np~ APYr~x 3Ha4eH~RX napaMeT
pos. 

I I 
2/ 

be 

o .. o6 _,,_ 
- "-
0 ,08 
0 ,03 

bH 

0,1 
0,04 _,,_ 
0,06 
0,17 

c 

0, I 
-"-
0 
0,08 
0,13 

EM 

0,47 
0,40 
0,30 
0,42 
0,53 

Eo 

0,92 
0, 72 
0,44 
0,96 
I ,32 

E20 

0,56 
0,45 
0,39 
0,57 
0,62 

Ro 

I, 95 
I ,80 
I ,4 7 
2,29 
2,49 

TaOnHI.\a 2 

R20 

I, 19 
I, 13 
1,30 
I ,36 
I , 19 

OIIbiTHbie sHat~eHHH R -2, 0 - I , 2 

Ta6JIHI.\a 3 

be bH c" cq,p.M EM Eo Eto E20 Ro Rto R20 

0,06 0,06 0,015 0,01 
~·- 0,04 0,01 0,01 
-"- _ .. _ 0 0 

1/ 0,08 0,03 0,01 
2/ 0,03 0,08 0,03 

0,005 
0,005 

0,34 0,57 0,50 0,45 
0,32 0,50 0,45 0,40 
0,30 0,44 0,42 0,38 
0,33 0,61 0,47 0,45 
0,34 0,63 0,45 0,38 

OIIbJTHbJe 
SHatJeHH.II 

R 

1,67 
1,56 
I ,4 7 
1,85 
1,85 

1,47 
I ,40 
I ,43 
1,42 
I ,32 

1,32 
I ,26 
1,27 
I ,36 
I, 12 

1,55 1,38 1,24 

1/ HyKJIOHOB CHapHAa: cneKTaTopOB- 30 Heyrrpyr.ssaHM. - 10 
2/ -"- -"- - 10 -"- - 30 

KaK cneAYeT ~3 Ta6n~~. pac4eT~ xopowo socnpo~3BOART 
onblTH~e AaHH~e pa6oTbl 161 • 3To ~nmocTp~pyeT ~ p~c.3 ~3 1 6~ 
Ha KOT OPOM HaHeCeHbl 3Ha4eH~R ~3 2-H CTpOK~ Ta6n. 1. 

npoBeAeHHbiH pac4eT AilR <A> -50 Ka4eCTBeHHO cnpaBeAil~B 
~ AilR 3Hepr~~ 40 Ar 0, 9 r3B Ha HYKilOH, T. K. 3Hepr~R B036y>K
AeH~R AOcTaT04Ha A11R BblneTa 15+20 HYKilOHOB ~3 RAPa 64 Cu , 
a corna cHo p~c. 2, nepexoA oT 1,8 K 0,9 r3B npaKT~4eCK~ 
He ~3MeHReT sen~4~Hbl R

0 
~ R 20 . 

AnR <A> - 25 C~Tya~~R cy~eCTBeHHO MeHReTCR, T.K. o4e
B~AHO, 4TO AnR noTep~ 601lbWero 4~Cna HYKilOHOB He06XOA~MO 

6onbwoe B036Y>KAeH~e RApa Cu • Ben~4~Hbl bH , C17 , C¢p.M a 
Ta6n. I np~ 3Hepr~~ 0,9 r3B cy~ecTBeHHO YMeHbWaTCR, H COOT
eeTCTB e HHO yMeHbWaTcR eenH4HH~ R . AnR 4HcneHH~x pac4eToe 

32 



HeT AaHHbiX, a onbiTHble 3Ha4eHHR R0 H Rd e pa6oTe 161 cyu~ecT
eeHHO MeHbWe, 4eM AnR 3HeprHH 1,8 A r3B. 

TaKHM o6paaoM, peaynbTaTbl onbiTOB HaXOART ecTecTeeHHoe 
06DRCHeHHe B paMKaX H3BeCTHbiX B3aHMOAe~CTBH~, He Tpe6y~T 
npHene4eHHR KOH~en~HH aHOManOHOB H He yKa3biBa~T Ha pacxom
AeHHe c 11H3BeCTHO~ RAeptio~ <I>H3HK0~ 11 , KaK 3TO TpaKTyeTcR 
B BbiBOAaX /G/ , 
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BAHTOBOXPOMOAHHAMH4ECKOE HCCnEAOBAHHE 
POUECCA 3nEKTPOPOmAEHHR nHOHOB HA HYKnOHE 

H CTPYKTYPHWX 4>YHKUH~ HYKnOHOB 

4> .C.CaAb1XOB* 

HgyqaeTCH npo~ecc rny6oKoHeynpyroro pacceHHHff 
gapmtteHHoro nenToHa Ha HYKJIOHe c pol!C,!l;eHHeM nuoHoB 
H CTpyKTypHble <IJYHK~HH HyKJIOHOB B ~, 

Pa6oTa BbillOJIHeHa B na6opaTopHH TeopeTH~eCKOH 
<IJH3HKH OmiH, 

Quantum Chromodynamic Investigation 
of the Pion Electroproduction on the Nucleon 
and the Nucleon Structure Functions 

F.S.Sadykhov* 

The deep-inelastic scattering process of the 
charged lepton on the nucleon with the pion pro
duction and the nucleon structure functions in QCD 
are studied. 

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

. 3BeCTHO,. 4TO KXA YAOeneTBOpHTenbHO onHCbleaeT KeapK
rn~oHHble B3aHMOAeHCTBHR a npo~eccax rny6o~oHeynpyroro 
nenTOH-aApOHHOrO pacceRHHR B 3neKTpOH-n03HTpOHHb1X aHHHrH
fiR~ H RX. AHanH3 rpa$HKOB TeopHH B03My~eHHH a KXA noKa3b1Ba
eT, 4TO ce4eHHR 3THX npoueccoe HenocpeACTBeHHO Bblpa~a~T

CR 4epe3 HMnynbCHOe pacnpeAeneHHe KBapKOB H rn~OHOB B aA
pOHaX. KaK cneAYeT H3 T~aTenbHOro aHanH3a, BO BCeH oGnnc
TH no AOnRM HMnynbca x a npo~ecce pacnpoCTpaHeHHR a rn~
OHHOM none nonRpH30BaHHOrO aApOHa KBapK npH06peTaeT 34>$eK
THBHY~ Macey nopRAKa MaCCbl aApOHa H AOnOnHHTenbHY~ pa3-
HOCTb $a3, npH 3TOM CnHHOBble 3$$eKTb1 OKa3b1Ba~TCR Cy~eCT
BeHHbiMH, 4TO onpeAenReTCR KBapK-rn~HHOH KoppenR~HeH B 
nonn pH30BaHHOM aApOHe I l l . B WHpOKOM HHTepeane nepeAaBae
MOrO HMnynbca H napaMeTpa X CTpYKTypHble $YHK~HH aApOHOB 
onpeAenR~TCR B3aHMOAeHCTBHeM KBapKOB C BaKyyMHbiMH $nyK
Tya~H RMH, rAe AByx- H Tpexrn~OHHbl l~ 06MeH TClK>Ke C~ecT-
BeH / 2,3/ 

* A3ep6aH~aHCKHH rocyAapCTBeKHb~ YHHBepCHTeT HM.C.M.KH-
poBa, BaKy, 
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B AaHHOH pa6oTe H3y4aeTc~ npo~ecc rny6oKoHeynpyror o 
pacce~HH~ aap~*eHHoro nenToHa Ha HYKnOHe c PO*AeHHeM nHo
H08 H no8eAeHHe CTPYKTYPH~x $YHK~HH HyKnoHo8 8 KXa c y4e
ToM A8YX- H Tpexrn~OHH~X 8epWHH. 

Ha OCH08e O~HX K8aHT080XPOMOAHHaMH4eCKHX AHarpaMM 
paccMaTPH8aeMoro npo~ecca An~ ce4CHH~ HaXOAHM: 

rra 
2 2 -- n + e 1 e 2 H <1 - y) + 11 x 

Q4 

as< Q2) 
---- ]dx. 

X 

/1/ 

/2/ 

rAe e1 H e2- CnHpanbHOCTH nenTOHa AO H nocne pacce~HH~, 
y - 6~Cl:POTa, rJ (X, Q 2) - $yHK~H~ pacnpeAeneH'H~, q~ - KBaA-

11 2 
paT nonepe4Horo HMnynbca 4aCTH~~, {3 2 = 3N- 3n r = 9 lAo 

nopora PO*AeHH~ wapMa/, 11 2 ·= 0, 1 r3B 2 . 11cnonb3Y~ COOTHO .. 
weHH~ KannaHa-rpocca An~ CTPYKTYPHOH $YHK~HH HyKnoHa , no
ny4HM: 

lila pa6oT~ 14• 61 $YHK~HH pacnpeAeneHH~ 8aneHTH~X Uv, d v H 
MOPCKHX ·S-KsapK08 MO*HO B~paTb 8 8HAe: 

Uv(x, Q 2 ) = 1,780- x) 3(1 + 2,3ax)/y'x, 

dv(x, Q 2
) = 0,993(1- x)40- f3x) / y'x, 

S(x) = 0,11(1 - x)7 / x, 
2 

a = l - In aS (Qo ) 
as (Q2) 

TorAa An~ $apM$aKTOPOB npoTOHa H HeHTPOHa HMeeM: 

F 
2p 

xs 2 
g-[4Uv+ dv+ 12s + G 8(Q )(41u + Id + 121

8 
)] , 

/4/ 

/51 

35 



XB 2 
F2n = -g-[4dv+ Uv + 12s + a g(Q )(4Id+ Iu + 12I 5 )], /6/ 

rAe 

1 • 

I q = r 
XB 

qi (x, Q2) 
dx. 

171 xyx 
2 

B I)>OpMynax /5/ "' /6/ 4J1eH - as (Q ) o6ycJ10BJ1eH KBapK-

r J1100HHbiM B3aHMOAe.:1cT aHeM. KaK cneAYeT 1-13 nony4eHHbiX l)lop

Myn, npH MaJ1biX 3Ha4eHH~X XB 3Ha4HTeJ1bHb1.:1 BKJ1aA B Ce4eHHe 

AaiOT AHarpaMMbl BbiCWHX nOP~AKOB /4J1eH -as (Q 2 ) I no as. 
npH4e M BKJ1aA 3THX AHarpaMM yBeJ1H4HBaeTC~ C POCTOM Q 2. np l-1 

yeeJ1 H4eHHH X B BKJ1aA AHarpaMM BbiCWe ro nop~AKa yMeHbWaeTC~, 

1-1 onpeAeJ1~10111YIO POJ1b Ha4HHaeT HrpaTb 3aBHCHMOCTb OT Q 2 

!I>YHK~ I-1 .:1 pacnpeAeneHH~. 

Ha pHc. 1 H3o6pameHa 3aBHCHMOCTb l)lopMI)laKTopa npoToHa 
oT ne p eAaeaeMoro HMnynbca npH Manblx 1-1 6oJ1bWHX 3Ha4eHH~x 

AOJ1e.:1 HMnyJ1bCa X • 3Ta 3aBHCHMOCTb cpaBHHBaeTC~ C 3KCnepH
MeHTaJ1 bHbiMH AaHHbiMH f 6 -81 • BHAHO, 4To nony4eHHa~ CTPYKTyp

Ha~ l)lyHK~I-1~ npOTOHa npH onpeAeJ1eHHbiX 3Ha4eHH~X KHHeTH4eC

KHX n e peMeHHbiX YAOBJ1eTBOPHTeJ1bHO cornacyeTC~ C OnbiTHbiMH 

AaHHbiMH. 

Cpa BHeHHe XB -3aBHCHMOCTH OTHOWeHH~ CTPYKTYPHbiX l)lyHK

~1-1.:1 He .:1TpoHa H npoToHa c 3KcnepHMeHTaJ1bHbiMH AaHHbiMH npHee

AeHo Ha PHC. 2. KaK BHAHO H3 3TOrO pHCYHKa, paCC4HTaHHOe 

OTHowe HHe CTPYKTYPHbiX l)lyHK~H.::t HYKJ10HOB npH 3Ha4eHH~x Ee = 
:::f5+20/ r3B H Q 2 :::/1 +16/ r3B 2 xopowo OnHCbiBaeT OnbiTHble 

AaHHble 
19 

• 101 • · 
1 IT+ 

H3 BeCTHo, 4TO HHKJ1103HBHoe pacnpeAeneHHe aAPOHOB ~~d + 
~IT- (1 Z 

+ ~ ),xapaKTepH3YIO~ee CYMMapHOe 4HCJ10 3ap~meHHbiX aApO

HOB, p OmAeHHbiX B peaK~HH, npH 3TOM He yKa3biBaeT Ha pa3J1H-

4H~ B MeXaHH3Me pOmAeHH~ nOJ10mHTeJ1bHO H OTpH~aTeJ1bHO 3ap~

meHHbiX aAPOHOB. Ha OCHOBe noJ1y4eHHbiX I)>OpMyJ1 AJ1~ HHKJ1103HB-

Horo pacnpeAeneHH~ aAPOHOB nony4aeTc~: 
IT+ 

~(~ 
a dz 

daiT + - a (Q2)(I+ I-)· + --- ) = D + D + s u + u • dz u u /8/ 
3AeCb 0: 1-1 D~ -l)lyHK~I-11-1 l)lparMeHTa~HH, KOTOpble, HCXOA~ H3 
pa60Tbl / 10,11/ , MOmHo npeACTaBIIITb B BHAe; 

D~ = 5,90 exp (- 5,05 x), D~ = 5,76 exp (- 6,85 x). /9/ 
Ha p~1c. 3 npeAcTaeneHo noeeAeHIIIe HHKJ1103111BHoro pacnpeAe

neHH~ aApOHOB B 3aBHCHMOCTIII OT AOJ1H 3HepriiiH z. KaK BIIIAHO 

1113 PIII C . 3, HHKJ1103HBHOe pacnpeAeJ1eHIIIe C pOCTOM Z yMeHbWaeT

C~, 4TO COOTBeTCTByeT 3KCnepiiiMeHTaJ1bHbiM 3HaueHIII~M AaHHOrO 

pacnpe.QeneHH~ 1 12- 141 • 
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Puc. 1. CpaeHeHue Q 2 -3aeucwwcmu pacc~urraHHou 
cmpyKmypHou (/jyHKU,uu n'{XJmoHa F2 p(x, Q2 ) c 3Kcnepu
MeHrrWZtJHW-1U OaHHW-lU: a - npu Ma.flb/X 3Ha~eHURX X ~ 
b - npu 6o.lltJUJUX 3Ha~eHURX x ~ x - coomeemcmeyem 
OaHHW-1 161 ~ 0 - oaHHlJIM /7/ ~ • - OaHHW-1 181 
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Gn 
6p 

0,8 

o,s 

0~ 

0,2 

02. 
I 

0,4 0,8 

RP 
41'/Uv + dv + s(5'7 + 7) 

4Uv + 71dv + s(5l'/ + 7) 

Rn 
41'/dv+ U v + s(5l'/ + 7) 
--------------

4dv+ '7u v + s(5 71 + 7) 

rAe n = o+ /D-., u u. 

Xs 

Puc. 2 . x 8 - 3aeucu-

Mocmb F 2n I F 2p : 0 -
OaHHble 19! ~ X - OaH -
Hr>~e I to ! 

AflR OTHOWeHHR Ce4e

HHR 3fleKTPOPOmAeHHR no

nO~HTeflbH~X H OTPH~a
TeflbH~X nHOHOB COOTBeT
CTBeHHO Ha npOTOHe H 

HeHTPOHe HMeeM : 

/10/ 

/11/ 

3a BHCHMOCTb OTHOWeHHR /10/ ~ /11/ OT AOflH ~MnyflbCOB XB 

np~eeAeHa Ha ~c. 4. B~AHO, 4To AnR 3Ha4eH~R 0,1 ~ x 8~ 0,7 

f (d G n-~"+ dGr..-) 
e- d ~ di! 

10 • 
• 
•o 

0 

o.~ 

0,1 0,2 0,?> 0,4 0,5 O,G 0,7 0.8 l 
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TeopeTH4eCKHe peaynbTaT~ 
npH onpeAeneHHOM e~6ope 
napaMeTpOB OTHOCHTeflbHO 
Hennoxo cornacy~TCR c on~T

H~MH AaHH~MH . 
TaK~M o6paaoM, np~ onpe

AeneHHOM e~6ope K~HeMaT~-
4eCKHx nepeMeHH~X KBaHTOBQ
XpOMOAHHaMH4eCKOe HCCfleAO
BaHHe o6ecne4HBaeT xopowee 
nonyKOfl~4eCTBeHHOe, a BO 
MHOr~X Cfly4aRX KOfl~4eCTBeH-

Puc . 3 . 3a8UCW10Cmb UHK.fl10-
3UBHOc0 pacnpeoeneHUR aopo
HOB Om Z: x - Oa HHble / 12/ ~ 
0 - Oa HH1Jle Ita: e - Gall. HUe 114~ 
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o o~+ 
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0 

O,f. 0,2 03 
I 

+ + 

0,5 0,6 0,7 

Puc . 4 . noeeoeHue R p u R n e 3Q8UCUMOCmu om X B : 

X - OaHHtJte / 11/3 e - OQ HHtJte /15/ 

Hoe o6oRCHeHHe xapaKTepH~x oco6eHHocTe~ noeeAeHHR CT PYK
TYPH~x $YHK~H~ HyKnOHOB H Ce4eHHR npo~ecca 3neKTPOPOmAe
HHR nHOHOB Ha HyKnOHe B o6naCTH B~COKHX 3HeprH~. 
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H3MEPEHHE 3flEKTPH4ECKOfO 3APRAA HEATPOHA 
nPH nOMO~ YflbTPAXOflO~H~X HE~TPOHOB 

* * * ~. B .6opHcoe , H.B.6opoeHKoea , A.B.BacHnbee , 
n. A.fpHrOpbeea*, C.H.HeaHoe*, H.T.KawyKeee**, 
B. B .HeCBHlKeBCKH~*. A.n.Cepe6p'oe*, n.C.R~AlKHeB 

Coo6~aeTCH o6 3KcnepHMeHTe, BhlnOnHeHHOM coaMecT
Ho OHHH-nHH~ Ha peaxTope BBP-M. BnepBhle AflH HsMepe
HHH 3nexTp~ecxoro sapHAa HeHTpoHa 6bmH Hcnonbsoaa
Hhl YXH. C 3TOH QenbiD cosAaHa opHrHHanbHaH HeHTpoH
Ho-onT~ecxaH ycTaHOBKa, B KOTOpOH H3MepHeTCH BenH
qHHa cMe~eHHH nyqxa YXH noA AeHCTBHeM 3neKTpHqecxo
ro nonH. B ycTaHoBKe HCnonbsoBaH AH~¢epeHQHanbHhlA 
MeTOA H3MepeHHH, o6ecneqHBaiD~H KOHTpOnb CHCTeMaTH
qeCKHX 3~eKTOB. llpo6HaH CepHH H3MepeHHH, npoBeAeH
HaH B TeqeHHe Tpex CYTOK Ha6opa CTaTHCTHKH, U03BO
nHna nonyqHTb pesynbTaT AnH q n = /4,3!:._7, I/· )(J 20 q e• 

Pa6oTa BbiDOnHeHa B lla6opaTOpHH HeHTpOHHOH ~H3H
KH OHHH. 

Investigation of the Possibility of Neutron 
Electric Charge Measurement by Means 
of Ultracold Neutrons 

Yu.V.Bocisov et al. 

The experiment in collaboration between JINR 
and Leningrad Nuclear Physics Institut at the nu
clear reactor WWP-M is reported. Measurement of 
the neutron electric charge for the first time by 
means of ultracold neutrons is described. For this 
purpose a new experimental device to measure the 
shift of the neutron beam affected by the electric 
field has been designed. The differential method 
of the measurement used in the set-up provides the 
check of a number of systematic effects. The trial 
measurement run, carried out during 3 days permit
ted to obtain for qn = (4.3+7.1)·J0-20qe• 

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

*neHHHrpaACKHH HHCTHTYT HAepHoA ~sHKH AH CCCP 
**HHCTHTyT HAepHbiX HCCneAOBaHHH H HAepHOH 3HepreTHKH 

BAH, Co~HH 
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BoaMomHoCTb cy~eCT808aH~~ y HeHTPOHa aneKTP~4ecKoro 
aap~Aa paccMaTp~8anacb 8 pa6oTax 1 1-4 ' . B HeKoTop~x pa6o
Tax13,4 / yKa3~8an~cb KOHKpeTHble 8en~4~Hbl 10-18~ 1Q-19 qe, 
rAe qe - 3aP~A aneKTpOHa. K HacTo~~eMy MoMeHTY ocy~ecT8ne
HO HeCKOnbKO np~MbiX HeHTpOHHO-OnT~4eCK~X 3KCnep~MeH T08, 

~3Mep~~~~X 8en~4~HY OTKnOHeH~~ HeHTPOHHOro ny4Ka 8 a neK
Tp~4eCKOM none 15 - 71 . nocKonbKY 4yBCT8~TenbHOCTb Ta Koro 
3Kcnep~MeHTa c~nbHO 3a8~C~T OT 8peMeH~ npoxomAeH~~ eHTpO
Ha 4epea aneKTp~4eCKoe none, nepexoA K He~TPOHaM c ~3K~

M~ 3Hepr~~M~ AaeT o~yT~M~H 8bl~rpblw. HaMep~~ aap~A n ~ no
M~~ A80HHoro Kp~cTann~4eCKoro cneKTpoMeTpa Ha Tenn0 8biX 
HeHTpoHax (A = 2,411, v = 1820 M/c), a8TOPbl pa6oTbl / 6 / 
nony4~n~ peaynbTaT qn = (-1 ,9+3,7) · 10- 18 qe. Hcnonb3Y~ n~ H -
3Y An~ $oKyc~po8K~ xonoAHblx He~TpoHo8 ( A = 20 A, v = 
= 200 H/C), 8 fpeHo6ne /$paH~~~/ 17 1 nony4~n~ qn '"' ( 1, 5+ 
+1,4)· 10-~Q e . B 3T~X OnbiTaX OAHOMepHoe He~TpOHHO-O T~4eC
KOe ~ao6pameH~e nony4anocb np~ noMo~~ aneMeHT08, npo nycKa
H~e KOTOpbiX 3a8~Ceno OT An~Hbl 80nHbl HeHTp0H08 A /MO OKp~
CTann, n~Haa/. KpoMe Toro, np~MeH~nacb OAH~ene8a~ c~cTe
Ma per~cTpa~~~. 

H~me on~caH peaynbTaT aKcnep~MeHTa, 8 KOTOPOM 8ne p8ble 
An~ $OKyc~po8K~ ynbTpaxonoAHbiX HeHTPOH08 ( v ~ 7 M/ c , A ~ 
~ 600 A) np~MeH~n~cb 8epT~KanbHoe ~~n~HAP~4ecKoe ae Kano 
~ MHoro~ene8a~ A~$$epeH~~anbHa~ c~cTeMa. 

np~H~~n pa60Tbl ycTaH08K~ 6bln nPOAeMOHCTp~p08aH 18 
I Ha 

m~AK080AOPOAHOM ~CT04H~ Ke ynb TpaxonOAHbiX He~Tp0H08 a pe
aKTope BBP-M 8 flH~$. HeAa8H~H 880A 8 CTpOH H08oro, 8biCOKO
~HTeHC~8Horo ~CT04H~Ka 19 I ynbTpaxonOAHbiX HeHTPOHO /YXH/ 
8 fl~R$ Aan 803MOmHOCTb npoAeMOHCTp~po8aTb pa6oTY HO oro 
8ap~aHTa ycTaH08K~ ~ npo~a8ecT~ nep8ble ~aMepeH~~ ane KTP~-
4ecKoro aap~Aa HeHTPOHa c YXH. noAP06Hoe on~caH~e yc TaHo8-
K~ ony6n~ K08a HO 8 pa6oTe I 11 I . 

z 

.------------------.~ y 

i 

i 
X 

2 

CxeMa ycTaH08K~ noKaaa
Ha Ha p~c. 1. 0nT~4ecKa~ 

4aCTb COCTO~T ~3 A8YX 
nnocKonapannenbHbiX aepKan 
paaMepaM~ 1055x100x12 MM, 
8epT~KanbHoro ~~n~ AP~4ec-

PHc. I. llpHH~Hn ~eHCTBHH 

H cxeMa ycTaHOBKH: I - ro
pH30HTa.TibHbie nnocKHe sep
Kana, 2 - BepTHKa.TlbHOe ~H
nHH~p~eCKoe sepKarro , 3 -
3JleKTpO~I ~H Bb!COKOrO Ha
npH~eHHH H3 Hep~asew~eH 
CTa.TIH, 4 - THTaHOBbJe BKna
~miH. 
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KOrO 3epKana C paA~YCOM Kp~B~3H~ 1044 MM, BXOAHOH ~ B~XOA
HOH pe weToK. Ha nnocKonapannenbH~e 3epKana Han~neH rnoH 
BeO Ton~~HOH 2000 ~ C rpaH~4HOH CKOPOCTb~ AnR HeHTPOHOB 
oKono 7 M/c. Ha ~~n~HAP~4ecKoe 3epKano Han~neH cnoH 58 Ni
- Mo Ton~~HOH 2000 A c rpaH~4HOH cKopoCTb~ oKono 8 M/c . 
B~coTa ~~n~HAP~4ecKoro 3epKana pasHa paccToRH~~ Me~y ro
P~30HTanbH~M~ 3epKanaM~ - 50 MM. BXOAHaR peweTKa COCTO~T 
~3 ABaA~aT~ ~eneH 0,7x50 MM, a pa3Mep B~XOAH~X ~eneH -
0,7x25 MM, s~XOAHaR peweTKa pa3AeneHa no eepT~Kan~ Ha ABe 
4aCT~ . · HeHTPOH, npoWeAW~H 4epe3 BXOAHY~ peweTKY B T04Ke A, 
OTpamaeTCR OT rop~30HTanbH~X 3epKan, OT ~~n~HAP~4eCKOro 
3epKana, ~ nonaAaeT Ha B~XOAHY~ peweTKY a T04KY A'. TaK~M 
o6pa30M, see HeHTPOH~, s~neTa~~~e ~3 T04K~ A, ~~n~HAP~4ec
Koe 3e pKano ~OKYC~pyeT a T04Ke A'. HeHTPOH~, npoweAw~e 
4epe3 o6e 4aCT~ B~XOAHOH peweTK~, per~cTp~py~TCR OTAenb
HO - no ABYM KaHanaM N1 ~ N2 • ~en~ ABYX 4aCTeH B~XOAHOH 
peweT K~ CAB~HYT~ OAHa OTHOC~TenbHO APYrOH TaK, 4TO np~ 
nepeMe~eH~~ peweT·K~ no oc~ X nony4aeTCR ~3MeHeH~e C4eTa 
8 KaHa nax N1 ~ N2 ' noKa3aHHOe Ha p~c. 2. nnoTHOCTb nOTO
Ka YXH Ha BXOAHY~ peweTKy- 6 - 10 3 HeHTp./cM2· c. TaK~M o6-
pa3oM, ecn~ peweTKa HaxoA~TCR a pa6o4eH T04Ke A, TO np~ 
CAB~re HeHTPOHHo-onT~4eCKOrO ~306pameH~R nOA AeHCTB~eM 
3neKT P~4ecKoro nonR npo~30HAeT ~3MeHeH~e C4eTa a KaHanax 
N 1 ~ N2 -~N1 ~ ~N2 ~. TaK KaK npo~3BOAH~e dN/dx ~Me~T 
pa3H~H 3HaK, pean~3YeTcR A~~~epeH~~anbHaR c~cTeMa ~3Mepe
H~H. CyMMa ~ N 1 ~ ~ N 2 AaeT ~H~opMa~~~ o een~4~He 3neKTP~-
4ecKor o 3aPRAa HeHTPOHa, a pa3HOCTb AaeT B03MOmHOCTb B~

Aen~Tb ~3MeHeH~R CKOPOCT~ C4eTa HeHTPOHOB, CKoppen~pOBaH

H~e c nepeKn~4eH~eM nonRpHOCT~ 3neKTP~4ecKoro nonR. B~4~c

neH~e sen~4~H~ 3Toro nomHoro 3~~eKTa no3sonRe~ KOHTpon~po
eaTb B03MOmH~e C~CTeMaT~4eCKHe 3~eKT~. 3neKTP~4eCKOe no

1 2 3 
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ne nOAKn~4aeTCR np~ nOMO~~ 
3neKTPOAOB ~3 Hepmase~eH 
CTan~. 8 H~X BCTasneH~ BKna
A~W~ ~3 Ti , TaK 4TO YXH, 
nonaAa~~e Ha sKnaA~w~, nor
no~a~TCR ~ He C03Aa~T ~OHa. 

HymHo OTMeT~Tb 3Ha4~Tenb
Hoe ~3MeHeH~e 4yBCTB~TenbHO
CT~ YCTaHOBK~ np~ ~3MeHeH~~ 

rop~30HTanbHOCT~. np~ HaKnO-

PHc. 2. HsMeHeHHe cqeTa no 
100 KaHan aM N 1 H N 2 npH nepeMe-

meHHH AH~peH~HanbHOA pe
XfH~ meTKH no ocH X. 
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PHc. 3. H3MeHeHHe q y BCTBH
TenbHOCTH YCTaHOBKH dN/~ 
npH H3MeHeHHH HaKIToHa: I, 
2 - pacqeTIIble KpHBbie AJIH 
neBoro H npaBoro CKITOHOB 
llHKa; 0 , ~ - 3KCUepHMeH
TanbHbie ToqKH, 

He see~ YCTaHOBK~ Ha yron 
a , noA Ae~CTB~eM ycKope
H~R g sin a , rAe g - YCKO
peH~e c~n~ TRmecT~, npo~c

xoA~T CMe~eH~e He~TPOHOB 

no ocH X. B cooTeeTcTe~~ 
C 3T~M MeHReTCR C4eT B 060~X KaHanax B pa6o4e~ T04Ke A. 
3TOT 3$$eKT 6~n ~CnOnb30BaH AfiR KanH6pOBI~ H 4YBCTBHTell!:>HO
CTH yCTaHOBK~ B rpaB~Ta~HOHHOM none 3eMJlH. TaK KaK 4e pe3 
ycTaHOBKY npOXOART HeMOHOXPOMaTH4eCKHe He~TpOH~, TO Cy~eCT

eyeT A~Cnepc~R CMe~eH~~. no3TOMY 4YBCTB~TenbHOCTb YCTaHoB
KH 3aB~C~T OT eenH4HH~ a, PaC4eTH~e KPHB~e B npeAnonomeH~H 
MaKCBenllOBCKOrO cneKTpa HeHTPOHOB H 3KCnepHMeHTanbH~e T04-
K~ AfiR ABYX yrnoe HaKnOHa noKa3aH~ Ha PHC. J, 

~3MepeHHe 3neKTPH4eCKOro 3aPRAa HeHTPOHa. npOBOAHnOCb 
npH HanpRmeHHOCT~ 3neKTp~4ecKoro nonR E = +9 KB/cM, nepe
Kn~4eH~e nonRpHOCT~ nOilR OCy~eCTBnRilOCb 4epe3 KamA~e 50 C. 
3a epeMR T CTaT~CT~4eCKaR OW~6Ka npH ~3MepeH~H 3aPRAa 

m g r (a ) l _v_2_N_1_;_,_ 
+ I . 

2E dN/da 

rAe m - Macca He~TPOHa, f(a) - cnomHaR cllYHK~~R yrna HaK
IlOHa n , f(a) = 1 npH a 6n~3KO K Hyn~. Ha Ha4anbHOM 3Ta
ne ~3MepeHHH 6~n B~RBJleH 3Ha4HTenbH~H C~CTeMaTH4eCKHH 3$
c)leKT, CBR3aHH~H C noBeAeHHeM OnT~4eCKHX 3neMeHTOB B B~CO
KOBOJlbTHOM none. 3c)lc)leKT 6~n noA~eneH nyTeM 6onee mecTKoro 
KpenneHHR ~~nHHAP~4ecKoro aepKana ~ A~cllc)lepeH~~anbHOH pe
weTKH. C y4eTOM Toro, 4TO rop~30HTanbHOCTb YCTaHOBK~ noA
AepmHBanaCb C T04HOCTb~ +1 MHH, 3a epeMR r = 2,2·1~5 C 
6~n nony4eH peayllbTaT 

Ha PHC. 4 noKa3aH~ eenH4HH~ H3MepeHHoro aapRAa HeHTPOHa 
B 30 cepHRX ~3MepeHHH. KamAaR cep~R BKn~4ana B ce6R OKOnO 
100 ~HKnoe ~3MepeHHH. 
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PHc. 4. BenHqHHa 3neKTpH
qecKoro sapaAa HeATpoHa 
B KBJKAOA cepHH, 

0111 llllllllllllhm IIYY" .. 

AanbHe~wee pasBHTHe 
3KCnepHMeHTanbHO~ MeTOAHKH 
noTpe6yeT ysenH4eHHR HanpR
*eHHOCTH 3neKTPH4eCKOrO 
nonR, ycTpaHeHHR onTH4ec
KHX a6eppa4H~ nyTeM nos~
weHHR T04HOCTH HsrOTOBne
HHR OnTH4eCKHX 3neMeHTOB 

-s 

Jlumepamypa 

H BBeAeHHR T~aTenbHOrO KOH
TponR sa ropHSOHTanbHOCTb~ 
YCTaHOBKH. 

AsTop~ 6naroAaPH~ aKa
AeMHKY H.M.~paHKY, 4neHy
KoppecnoHAeHTY AH CCCP 
B.M.no6awesy, AOKTOPY ~H
SHKO-MaTeMaTH4eCKHX HayK 
B.H.ny~HKosy sa noAAeP*KY 
H nOCTORHHOe BHHMaHHe K 
pa6oTe, A.B.CTpenKosy - sa 
npeAOCTasneHHe AeTeKTopos 
YXH, o.n.OpenoBH4Y sa H3-
roTOBneHHe 3neKTPOHHO-MHK
POCKOnH4eCKHX ~OTorpa~H~ 
sepKanbH~x nosepxHocTe~. 
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KpaTKue coo6U4eHUJf OH.RH !fO 21-87 

Y)J.K 539.172.17 

JJNR Rapid Communications No. 21-87 

BnHRHHE KOnE6AHH~ eOPMW RAEP 
HA CE4EHHE nOA6APbEPHOfO CnHRHHR 

P.B.Amonoc, B.n.nepM~Koe 

llpeAno~eH MeTOA pacqeTa HeaAHa6aTHqecKHX nonpa
BOK K ~ApO-~AepHOMY DOTeH~Hany BO BXOAHOM KaHane 
peaK~HH, Bbi3B3HHblX KynOHOBCKHM B3aHMOAeiicTBHeM ~ep. 
lloKa3aHo, qTo KynoHOBCKa~ TOqKa DOBOpOTa /npH ~HK
CHpOBaHHOH 3HeprHH cTonKHoBeHH~ E < Vs I cMe~aeTc~ 
Bneuo, qTo AenaeT noTeH~HanbHbifi 6apbep, onpeAen~JO
~ii 3~~eKTHBHOCTb K-aHana DOA6apbepHOrO CnH~HH~ ~Aep, 
6onee Y3KHM. 3To npHBOAHT K pocTy ceqeHHH DOA6apbep
Horo cnH~HH~ cno~HbiX ~Aep, qTo Ha6nJOAaeTc~ Ha 3KCne
PHMeHTe. 

Pa6oTa BbmOnHeHa B na6opaTOPHH TeopeTHqeCKOH ~H-
3HKH mum:. 

The Effect of Nuclear Shape Oscillations 
on the Subbarrier Fusion Cross Section 

R.V.Jolos, V.P.Permyakov 

A method is proposed for calculating nonadiaba
tic corrections to a nucleus-nuclet!S potential in 
the reaction input channel caused by the Coulomb 
interaction of nuclei. It is shown that the Coulomb 
turning poi~t (at a fixed collision energy E < VB) 
shifts to the left, which narrows the potential bar
rier defining the channel efficiency of a subbarri
er fusion of nuclei. This results in the growth of 
cross sections of subbarrier fusion of complex nuc
lei observed experimantally. 

The investigation has been performed at the La
boratory of Theoretical Physics, JINR. 

BeeoeHue 

B 3KcnepHMeHTax11· 21 , e~nonHeHH~x c nerKHMH H cpeAHHMH · 
no MaCCOB~M 4HCnaM ~APaMH npH noA6apbePH~X 3HeprH~X CTon
KHOBe HH~, nony4eH~ HeomHAaHHO 5onbWHe Ce4eHH~ CnHRHH~, Ha 
nOPRAOK H 6onee npeeocxoA~~He peaynbTaT~ pac4eToe c noTeH
~HanaMH B3aHMOAeHCTBH~ ~Aep, H3Bne4eHH~MH H3 AaHH~X no yn
pyroMy pacce~HH~. non~TKH ofiD~CHHTb 3TH peaynbTaT~ 8 paM
KaX OAHOMepHbiX MCAeneH., paCCMaTpHBaiOOIHX TOnbKO OTHOCHTenb-
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Hoe ABHmeHHe ~AeP, senH nH6o K TaKoMy nepeonpeAeneHH ro na
paMeTpos ~APO-~AePHOrO noTeH~Hana, KOTOp~e npoTHBope4HnH 
AaHH~M no ynpyrOMY pacce~HHro, nHfio B006~e K He$H3H4eCKHM 
pe3YnbTaTaM /"sorHYT~~" 6apbep, eM. pHc. 2/. KpoMe To ro, 
6~nH o6HapymeH~ Heperyn~pHOCTH s noseAeHHH ce4eHHR cnH~

HHH nerKHX ~Aep B 3aBHCHMOCTH OT HX H30TOnHoro COCTa s a 1 31. 
HHTepec K noA6apbepH~M npo~eccaM so3poc s nocneAHe e spe

M~ B CB~3H C aCTPo$H3H4eCKHMH acneKTaMH 3TO~ npofineMbl / 4 / 
H C HAe~MH xonOAHOrO CnH~HH~ ~AeP 15 • 6 1• 

npeAnPHHRT~e non~TKH TeopeTH4eCKOrO OnHCaHH~ 3KCne pHMeH
TanbH~X AaHH~X no nOAfiapbepHOMY CnH~HHro B cmaTOM BHAe CBO
A~TC~ K cneAy~eMy. OnHcaHHe npo~ecca noA6apbepHoro cnH~
HH~ TpefiyeT y4eTa CB~3H OTHOCHTenbHOrO ABHmeHH~ C BHyT peH
HHMH CTeneH~MH CBOfiOA~ ~Aep, T.e. paCCMOTpeHH~, KaK MH HH~ 
MYM, ABYMepHoro noTeH~HanbHoro 6apbepa 171 . H3 BHYTPe HHHX 
CTeneHe~ CBOfiOAbl ~Aep HaH6onee BamHbiMH ~Bn~IOTC~ KOnne KTHB
H~e . npH paCCMOTpeHHH peaK~H~ C nerK~M~ HnH cpeAH~MH ~Apa

M~, no-BHAHMOMY, c ne AyeT npemAe scero Y4~TbiBiHb Kone6a HH~ 
$OPM~ CTanKHBa~HXC~ ~Aep / s, g/ /KBaAPYnOnbHble H T.A./. 
npH paCCMOTpeHHH peaK~H~ C T~men~M~ HOHaMH fionee BamH ~MH 

C TaHOB~TC~ AHHaMH4eC KHe nepeMeHHble, OnHC~Ba~He 10We~KY 11 

MemAY ABYM~ ~APaMH. 8 peaK~H~X C Mar~4eCKHMH ~nH OKOnOMa
r~4eCKHMH ~APaMH KonneKTHBH~e COCTO~H~~ , OTBe4a~He KOne
fiaHHFIM !)lOPMbl ~AeP, B036YmAaroTC~ cna6o, H 6onee cy~eCT eH
H~MH CTaHOB~TC~ KaHan~ nepeAa4~ HYKnOHOB I l l . C nocneAHHMH, 
no-BHAHMOMy, CB~3aH~ Heperyn~pHOCTH B noBeAeHHH ce4eHH ~ 

CnH~HHA B 3aBHCHMOCT~ OT H30TOnHOrO COCTaBa. 
BKnro4eHHe s paccMoTpeHHe BHYTPeHHI1 X B036YmAeHH~ AAe P o3-

Ha4aeT, 4TO AnA onHCaHHA npo~ecca noA6apbepHoro cnHAHHA 
Heo6XOAHMO pewaTb 3aAa4y Ha CBA3b KaHanoB. npH 3TOM KOnH-
4eCTBO KaHanoB, KOTOp~e HeOfiXOAHMO np~H~MaTb BO BHHMa HHe, 
AOCTaT04HO Ben~KO, H n03TOMY TpeoyeT fionbWOrO OfiDeMa B~-

4~CneHH~. AAHa5aTH4ecKoe npH6nHmeHHe TaK~e HeYAOBneTBOPH
Te nbHO, HO,KaK noKa3~BaeT CpaBHeHHe pe3ynbTaTOB T04H~X MO
AenbH~X pac4eToB H aA~a6aTH4eCKoro npH6nHmeHHA, nocneAHee 
MOmeT cny~HTb OCHOBO~ AnA pa3pa60TKH MeTOAa OnHCaHH~ nOA-
6apbePHOrO CnHAH~A AAeP. 

B AaHHo~ pa6oTe paaBHBaeTCA MeToA y4eTa HeaAHa6aTH 4ec
KHx nonpaBOK K nOTeH~Hany B3aHMOAe~CTBHA AAep H noKa3~Ba
eTCA, 4TO Y4eT KBaApynonbH~X B036YmAeHH~ AAep, B~3BaHH~X 

KYnOHOBCKHM B3aHMOAe~CTBHeM, BeAeT K cymeHHIO 3$!)leKTHaHo ro 
noTeH~HanbHoro 6apbepa H, cneAoBaTenbHo, K ycHneHHro noA6a
pbepHoro cnHAHHA. 

PepeHopMupoeKa nomeH~uanbHOco 6apbepa 

raMHnbTOHHaH ABYX CTanKHBa~HXCA AAep C y4eTOM KOnne K
THBH~X KBaApynonbH~X B036YmAeHH~ B OAHOM H3 HHX HMeeT BHA: 
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~ t 2 a 2 i: 2 r P. ~ ~ 
H =- -(--- 2 1 + V(R) + _ 3 1 (-1) Y~ (8,¢)a

2
lH

8
H(a

2
p.). 

2p. a R 2 R y2 R IL IL 

3AeCb ~ - paCCTORH~e MemAY 4eHTpaM~ MaCe CTanK~8a~Hx
CR RAeP, L - onepaTOP yrno8oro MOMeHTa OTHOC~TenbHOrO 
A8~meH~R, 8 , ¢ - yrn~, xapaKTepH3Y~~~e TpaeKTOP~~ Hane
Ta~ero ~oHa, p. - np~8eAeHHaR Macca, y = (3y'2 /5)Z 1 Z 2 e 2 R ~ , 
(Z 1, Z 2;R1,R 2)- 3aPRAbl ~ paA~YC~ KamAoro ~3 RAep, V(R) -
CYMMa · KynoH08CKoro ~ onT~4eCKoro RAepHoro noTeH4~ano 8 

83a~MOAe~CT8~R cnomH~x RAep. A~HaM~4eCK~e nepeMeHH~e a2p. 
on~C~8a~T K8aApynonbH~e KOne6aH~R 8 RApe-M~WeHH. AnR 8HYT
peHHe ro raM~nbTOHHaHa np~MeM np~6n~meH~e 3$$eKT~8Horo rap
MOH~ 4eCKoro OC4~nnRTOpa: 

~ "fi2 IL a2 1 IL 
H = ---I (-1) ----- + - C2 l (-1) a2p.a2-p. 

BH 2 82 IL aa2p.aa2-p. 2 IL 

rAe 8 2 - MaCC08bl~ K03$$~4HeHT, 

Ypa8HeH~R A8~meH~R AnR a 2 1L 

C2- 3$$eKT~8HaR meCTKOCTb. 
~ a /a a 2p. HMe~T 8~A: 

[H , a ~IL l 
.1-2 a __ -n (-

1 
)IL __ _ 

82 aa2-p. 
/2/ 

( H:. a 
a a 2p. 

y 
- y2 R3 y2p. (8, ¢)- C 2 (-l)IL a 2-p. • /3/ 

06oeA~HRR /2/ ~ /3/, nony4aeM: 

{i2c 
~ ~ 2 

(H, (H,a21)l = -
8
- a2p. + 

2 

t2. y 

v28
2

Ra y2p.(R). /4/ 

Hawe~ 4enb~ R8nReTCR nony4eH~e 3$$eKTH8Horo raM~nbTOH~
aHa, 8 KOTOPOM C8R3b OTHOC~TenbHOrO A8~meH~R C 8HyTpeHHH
M~ Kone6aHHRMH RAPa Y4~T~8aeTCR nepeHOPMHP08KO~ noTeH4~a
na / 8 o6~eM cny4ae nepeHOPMHpyeTcR H npH8eAeHHaR Macca 
p. 1 Wif, T.e. raM~nbTOHHaHa cneAy~ero 8~Aa: 

Ha4141 
t2 a2 
-(--
2p. a R 2 

~2 

L 
-) + v R2 3 q,41(R). /5/ 

An~ 3TOro Ha~AeM ~YHK4~~ a 2p. (R~, YAO~neT80PR~~y~ ypa8He
HH~ A8~meHHR /4/, Ho c 3aMeHo~ H Ha H3 4141 
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3aTeM, nOACTaBHB a2 ~ (R) B /1/ H cpaBHHB pesynbTaT nOACTa
HOBKH C /5/, nony4HM Bblpa>KeHHe AnR V3cjJcp (R) • nocKonbKY B 
3TOH pa6oTe MW He paCCMaTpHBaeM nonpaBOK K npHBeAeHHO~ 
Mi"cce, To ~ BbiPa>KeHHH AnR ABOHHoro KOMMYTaTopa [ H 3<1Jcp 
[H 3 cpcpa 2~ (R)]] onycTHM cnaraeMwe, coAeP>Ka~He AHcjJcjJe peH-
~HanbHWe onepaTop~. <IJYHK~H~ MO>KHO npeACTaBHTb cneAY~~HM 

o6pasoM: 

171 

rAe a(R) - HeH3BeCTHaR <IJYHK~HR, ypaBHeHwe AnR KOTOPO~ no
ny4aeM, nOACTaBnRR /5/ H /7/ B /6/ 

B HHTepecy~~eH HaC o6naCTH 3Ha4eHHH R 6onbWHX CYMMW pa
AHYCOB nonynnoTHOCTeH RAep, H AnR He CnHWKOM nerKHX RAeP 
senH4HHa (311/~ R2 ) 2 3aMeTHO ~leHbWe c2 / B2 . no3TOMY B Aanb
HeHweM M~ 6yAeM paCCMaTpHBaTb ypaBHeHHe: 

d v 3¢¢ 
~-1 ---

dR 

da(R) 

dR 

c 
- 2 a(R) 

B2 

y 
+ -----

y'2B2R3 
/ 9/ 

noACTaBnRR /7/ B /1/ H cpaBHHBaR pesynbTaT nOACTaHOBKH 
c /5/, nony4aeM AnR v3¢¢ : 

5y 5 2 
V3 ¢¢ (R) = V(R) + -=:-- a(R) + .-C 2 a (R). / 10/ 

v'2 R 3 2 

B Ka4eCTBe nepsoro npH6nH>KeHHR AnR V3cpcp(R) noACTaBHM B 
/9/ KynoHOBCKHH noTeH~Han. TorAa AnR a(R) nony4aeTCR cne
AY~~HH pesynbTaT: 

rAe Ei(x) - HHTerpanbHaR noKa3aTenbHaR cjJyHK~HR. nerKo 
nposepHTb, 4TO npH R ~ oo peweHHe /11/ nepexOAHT, KaK 3TO 
H AOn>KHO 6WTb, S pe3ynbTaT aAHa6aTH4eCKOrO npH6nH>KeHHR / 11( 
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Pe3y~bma~ pac~ema 

Ha pHc. 1 npHBeAeHbl pe3yilbTaTbl t~eToAH4eCKoro pac4eTa 
nepeHOPMHPOBaHHOrO noTeH~Haila B3aHMOAe~CTBHR RAep 132Xe + 
+ 132 x e _ _, 2F. B pac4eTax HCnOilb3osanocb rHAPOAHHaMH4ecKoe 
3Ha4e HH e Maccosoro Ko3¢¢H~HeHTa B2 . Ha pHCYHKe npHBeAeHbl 
pe3yJlb TaTbl AilR ABYX 3Ha4eHH~ 4aCTOTbl KBaAPYnOilbHbiX KOJle6a
HH~t w . KaK BHAHO H3 PHCYHKa, y4eT B036YmAeHHR KBaApy
nOilbH bi X KOJle6aHH~ RAPa-MHWeHH 3¢¢eKTHBHO BeAeT K cymeHH~ 
noTeH~H~IlbHoro 6apbepa H, cneAoBaTeilbHo, K pocTy ce4eHHR 
noA6a p bepHoro CilHRHHR. TaKHM o6pa30M, Haw noAXOA no3BOilR
eT CBe CTH CilOmHY~ 3aAa4y y4eTa CBR3H KaHailOB K paCCMOTpe
HH~ n poxomAeHHR CHCTeMbl 4epe3 OAHOMepHbl~ noTeH~HailbHbl~ 
6apbe p . 
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280 n\ 1,t.t. z,z2 (~bBl 
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132
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R(<S>M) 

PHC . I . IloTeHn;HanbHbiH 6apbep /MeTo,o;Ht~ecKHH pact~eT I p;n.11 
pea KIJ;HH 132 Xe + 132 Xe __, 2F. IIITpHxoBaHHaH nH~HH - rrepe

Hop MHpoBaHHbiH KYilOHOBCKHH I]OTeHIJ;Han ,IJ;n.ll 3HeprHH KBap;py

llOJlbHbiX *Kone6aHHH H,IJ;pa E ( 2 1 ) = I M3B, mTPHXIlYHKTHpHaH -

,o;n.11 E(2 ) = 1,15 M3B. 
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P11c. 2. IloTeH~HanbHbJH 6apbep I crrnouman nHHH.R I, Heo6xo

~HMbJH MH OITHCaHH.R 3KCITepHMeHTanbHbJX ~aHHbJX ITO ceqeHH

HM rro~6apbepHoro cnHHHH.R M.R peaK~Hii 4° Ca + 48 Ca __, 2 F 
lrronyqeH c rroMOIJibiO pemeHH.R o6paTHoA 3a~aqH 1 12 11. IIITpH

xoaaHHa.R nHHH.R - rrnTeH~HanbHbJH 6apbep, nonyqeHHbJH H3 

pacqeTOB ITO MeTo~y, rrpeMo~eHHOMY B ~aHHOH pa6oTe. 

8 pa6oTe / 12/ B~eKa3~BaeTeR eOMHeHHe B npHMeHHMOeTH 
OAHOMepHoro noTeHuHanbHoro 6apbepa AnR onHeaHHR npoueeea 
noA6apbepHoro enH.RHHR. B pa6oTax ! 3. 12/ /eM. pHe. 2/ 6~n 
B~4HeneH noTeHUHanbH~~ 6apbep, He06XOAHM~~ AnR OnH e aHHR 
$yHKUH~ B036Y~AeHHR. HH~MH enoeaMH, e Henonb30BaHHe M pe-
3YnbTaToe pa6oT~ 112 1 , 6~na peweHa o6paTHaR 3aAa4a - 3HaR 
ee4eHHe noA6apbepHoro enHRHHR, onpeAenHTb, KaKOB npH 3TOM 
Aon~eH 6~Tb OAHOMepH~~ noTeHuHanbH~~ 6apbep. H3 pH e . 2 
BHAHO, 4TO nony4eHH~~ TaKHM o6pa30M 6apbep BOrHyT Bnpaeo 
H Aa~e ABY3Ha4eH. TaKoe noBeAeHHe noTeHuHanbHoro 6a pbepa 
eneea HenpHeMneMo, T. K. o4eBHAHO, 4TO e neeo~ eToPoH~ no
TeHuHanbH~~ 6apbep 6~eTpo enaAaeT Ha HHTepeane, pa e HOM 
npH6nH~eHHO AH$$Y3HOeTH RAepHoro noTeHUHana. npH4HHa eTOnb 
eTpaHHoro noeeAeHHR noTeHUHanbHoro 6apbepa nerKo o6bReHH
Ma: KorAa aoeeTaHaenHeaneR noTeHuHanbH~~ 6apbep, c HTa
noeb, 4TO enpaea ero enaA onpeAen.ReTeR KYnOHOM, H oT Ky
noHoBeKo~ TC4KH noeopoTa oTe4HT~eanaeb Ton~HHa 6ap bepa 
At 1 12 ~ EenH y4eeTb nepeHOPMHPOBKH K KynoHoBeKOMY noTeH
UHany, B~3BaHH~e B036Y~AeHHeM HH3KOne~a~HX RAePH~X eoeTo.R
HH~ /eM. pHe. 1/, TOM~ nony4HM npHeMneMy~ $OPMY noTeHUH
anbHOrO 6apbepa - eorHyToeTb enpaea H 6~eTp~~ enaA eneea 
oT eepwHH~ 6apbepa . 
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