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Kpan11cue coo6w,elltUI OHRH N9 6[J7j-92 

Y,l\K 539.12.01 . 

JINR Rapid Communications No.6/J7/-92 

LEFT-RIGHT COMPONENTS OF BOSONIC FIELD 
AND ELECTROWEAK THEORY 

D.V.Fursaev, V.G.Kadyshevsky 

It is shown that the notion of «chirality• in the theory with fundamental mass 
has a more universal meaning and is applicable not only to fermion but also to 
boson fields. In the framework of this approach the Higgs sector of the sta dard 
model should include apart from the «left• isotopic doublets of scalar fields the 
«right» scalar singlets as well. Possible experimental consequences of this 
proposal are shortly discussed. 

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

JleBble H npaBble KOMfiOHeHTbl 0030HHOro fiOJUI H 3JieKTpoc.lla-

6aSI TeOpHSI 

li,.B.<l>ypcaes, B.r.KaA~:r~wescKHH 

noKa33110, 'ITO 8 TeOpHH C lj>yHAaMeHTaJlbiiOH MaCCOH llOHliTHe «KHp8JlbHO­
CTH• HMeeT OOJICC YHH8epcaJJbHbiH CMbiCJI H npHMeHHMO He TOJlbKO K lj>epMH­
OHHbiM, HO H K 0030illlbiM llOJIIIM. 8 paMKaX 3TOI'O llOAXOAa XHITCOBCKHH CeKTOp 
CTaHAapTHOH MOACJIH llOMHMO «JJe8biX,. H30TOilH'leCKHX AY6JJeT08 CK8Jl11pHbiX 
llOJleH ,IIOJI>KeH 8KJIIO'IaTb TaK>Ke «npa8biC• CK3Jl11pHble CHHrJJeTbl . KpaTKO 00-
Cy>K,llaiOTCil 803MOlKHble 3KC11epHMeHT3JlbHbiC CJJe,IICT8Hll 3TOI'O npe,ll.llOJIO­
JKeHHII. 

Pa6oTa 8blllOJJHeHa 8 Jla6opaTOpHH TeopeTH'leCKOH lj>H3HKH OIUU1. 

I. In the Glashow- Salam -Weinberg standard model of electroweak 
interactions based on the SU(2)®U(I) gauge group, the Higgs scalar, like 
left and right chiral projections of quarks and leptons, is an SU(2) doublet. 
However, the notion of chirality doesn't have meaning when applied to 
boson fields. So the model seems to us to be inconsistent in this point. 

We would like to draw attention to the existence of such a formulation of 
quantum field theory <QFT> when the quantum number «chira lity» has a 
more general and universal meaning than just the eigenval e of the l 
matrix. The new notion of chirality is being spread now not only to fermion 
fields but to bosonic ones, too. It gives us an opportunity to extend the Higgs 
sector of the standard model by introducing into consideration separately 
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<<left>> H Land <<right>> H R scalar fields. Possible experimental consequences 

are shortly d iscussed. 
II. The formulation of QFT I 1-51 mentioned here contains a new high 

energy scale M that has the simple geometrical meaning. This is the 
curvature rad ius of the De Sitter p-space 

p~ _ p2 _ p~ = _ M 2 (I) 

replacing the Minkowski p-space in the theory. The low energy-momentum 
region corresponding to the standard theory is identified with the flat limit 
of the surface (I) 

lp01,1pi«M, lp5I:!M. (2) 

In the coord inate representation (I) is replaced by a free 5-dimcnsional 
equation (the so-called <<fundamental equation>>) 

[ 
cl a

2 
2] 5 - --s2 - M !f(X, X ) = 0 

ax ax1i (ax ) 
li 

(3) 

to be universa l for the fields of any tensor type. However, for the spinorones 
tp(x, x5), bes1des (3), the 5-dimensional Dirac equation is also fulfilled 

(aLrL + M)tp(x, x5) = 0, (4) 

where fK are five 4x4 matrices with anticommutation relations {fK, fL} = 
= 2FfL; J(., L = 0, l, 2,· 3, 5, diagg= (+I, -I, -I, -I, -1), r5 = cl. All 
information a bout the fields !f(x, x5

) and tp(x, x5
) and their interactions is 

contained in the initial data (If( X, 0), a!f/ ax5 (x, 0)) and tp(x, 0) for which 
an adequate Lagrange formalism has been constructed in I 1-21. We 
consider the corresponding field theory naturally including a new universal 
constant M as a basis for describing high energy processes under E? M 

beyond the scope of standard model. 
When passing to the standard theory as M-+ oo, equation (4) turns into 

(a5r5 + M) tp(x, x5) = 0 (5) 

and tp(x, x5
) reads 

1+5 . 5 1-5 . 5 
tp(x, x5) = -fL tp(x, 0) c -,Mx + -fL tp(x, 0) e1Mx . (6) 

Thus, the ord inary «left>> and «right>> spinor fields corresponding to diffe­
rent ejgenval ues of the l matrix are amplitudes of the phase multipliers 
+iMi e-
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An analogous definition of chiral fields can be introduced in the bosonic 
case if the asymptotics of solutions of Eq. (5), when M-+ oo, is written in the 
form like (6). For this purpose let us put 

'( 5 . a 5) 5 2 <p(x, x) + t ax5 <p(x, x) = <p 1(x, x ), 

1( 5 . a 5) 5 2 <p(x, x ) - t ax5 <p(x, x ) = <pix, x ) 

(7) 

and introduce the doublet <l>(x, x5
{ = (<p 1(x, x5

), <pix, x5)). Then, from 

(3) it follows that 

a:5 <l>(x, x
5

) = i [o3 
( M- 2:) - io2 

2:] <l>(x, x
5

) , 

2 

where o = a 
1
, and o2, o3 are the Pauli matrices. Thus, if M-+ oo, 

ax ax 
I' 

<I>( 5) _ 1 + ~ <I>( O) -iMi 1 - ~ <I>( O) -iMl x, x -
2 

x, e + 
2 

x, e . 

(8) 

(9) 

One can see, comparing (6) and (9), that o3 plays the role of the l matrix, 
and the components <p 1 (x, x5) and <pix, x5) of the doublet <l>(x , x5) can be 

considered as scalar «left» and <<right» fields analogous to left and right 
chiral projections 1/J Land 1/J R of the spinor field. 

Ill. Following the Glashow- Salam -Weinberg model we place left 
scalar fields into isotopic doublets and consider right spinors and scalars as 
isosinglets. It is natural to identify left scalar doublets with Higgs fields and 
assign to them the proper value of hypercharge Y = 1. The occurrence of 
right scalar singlets is beyond the scope of the standard model. Meanwhile 
two essentially different cases are possible- charged and uncha rged fields. 

Let us discuss the properties of charged right singlets ma rked by H; 
and H; according to the sign of their charge. First of all particles of that type 

could be clearly observed in experiments at electron-positron colliders in the 
processes e + e- -+ y -+ H; H; or e + e- -+ z

0 
-+ H; H~. For example, the 

cross-section of the first process beyond the threshold is abo t l I 4 of the 
section of the process e + e- -+ y -+ JJ + JJ- [ 6 ). So far as charged scalar par­
ticles were not yet observed, their mass must not be less than half the 
neutral vector boson mass. Interactions of H~ with quarks and leptons and 

also with vector W-bosons appear sufficiently weak as the corresponding 
interaction terms are absent in the Lagrangian of the theory. 
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The prediction of uncharged right scalar particles H~ also seems inte­

resting. From the Gell- Mann- Nishidgima relation one can infer that such 
particles have zero hypercharge and very weakly interact with the other 
matter. They resemble in this respect right neutrinos v R with which they can 

be coupled in the Yukawa manner 
-c 0 

fvR vR H R + h.c., (10) 

where/ is a constant and~ is the spinor charge conjugated to v R' If H ~gets 
nonzero vacuum expectation value, these interactions give rise to Majorana 
masses of right neutrinos and lepton number nonconservation. The corres­
ponding Goldstone boson was called the majoron [7). This circumstance is 
used in a number of generalizations of the standard electroweak model, in 
the Glashow work [8 ), for example, where a suggested model describes both 
the solar neutrino deficit and the existence of the so-called 17-keV neutrino 
revealed by Simpson [9). 
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RETARDATION EFFECTS IN ed-+ e'np REACTION 

V.V.Burov, A.A.Goy•, S.Eh.Sus'kov• 

Elcctrodisintegration of the deuteron near pion threshold with allowance for 
retardation effects in meson exchange currents is studied. It is shown that retar­
dation effects should be taken into account at large transfer m menta 
(t > I 0 fm - 2). The radial dependence of the matrix elements for d -. 1 So~ 
transition has been investigated. It is found that the inclusion of meson exchange 
currents with allowance for retardation effects is important at r = 1-1 .5 fm, 
when t < 30 fm - 2. 

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

3<P<t>eKThl 3ana3AhiBaHHII 8 ed-+ e' np-peaKU.HH 

B.B.6ypos, A.A.roi1, C.3.CycbKOB 

11cCJ1eJIOBau :JJieKTpopaJoan Jle~iTpoua Ha nopore mwuoo6pa3ooaHHII c y•te­
TOM 3<f><PcKT08 3alla3}.1h1H<'IIIHII 8 Me3011HbiX OOMellllbiX TOKaX . noKa:Jaua ueo6-
XOJIHMOCTb y•teTa :J<J1eKTOo JanaJJibiHaiiHII 8 o6naCTH 6onbWHX HMIIYJibCOD 
nepc11a4~1 (t > I 0 !j>M- ) . PaccMOTpeua pa,liHaJibllall JaDHCHMOCTb MaTpH411biX 

:JJieMeuToo JIJIII d ... 1 So-nepcxo,lla . YcTaHODJietiO, •no BKJiaJI MCJOHHbiX o6MeH­

IIbiX TOKOB C y•tCTOM :KjxpeKT08 3alla3,llbl8aiiHII HaHOOJICe CYU\CCT8eiiCII llpH 
r= l-1.5!j>M )I)I111<30!j>M- 2. 

Pa6oTa BbiiiOJIIIella 8 JJa6opaTOpHH TeOpeTH•teCKOH !j>HJHKH 0115111. 

I. Introduction 

Magnetic Ml-transition in the ed-+ e' np reaction with inclusion of 
meson exchange currents has been studied earlier in refs. [ 1-7 ). Detailed 
calculations have been made with allowance for seagull and me ·on currents 
(fig. I (a), (b)). However, the investigations of the retardation effects have 
not been done yet. The reason is the lack of experimental res Its at large 
momentum transfer. In this case the traditional set of meson exchange 
currents (sec fig. I) was quite enough to get the correct inform lion on the 
differential cross section in a small region of transfer momenta. 

•Far-East State University, Vladivostok, Russia 
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1 

N NN N A-. Fig. I . Diagrams or seagull (a) and me­
son (b) currents 

T ----- ·- - - -- - -~-----------+ t X X 

----- ----·r·--- -
1 I Fig.2. Diagrams or recoil (a) renorma -

lization (b) currents 
Nl IN Nl IN 

a b ,.... 
N! .lN N! -4,N N! !N 

1 

. ,'i / 
t X 

1 
x .• / 
/i 

/ 

Nl IN 
1 Nl IN Nl IN 

a b 
At present the available experimental data on the differential cross 

section are known up to about I GeV that allow one to investigate the 
electrodisintcgration near threshold at short distances where the relativistic 
contributions have to be important. 

The reta rdation of meson exchange currents is one of significant rela­
tivistic effects , whose investigation has been done. In ref. IS I the retardation 
current was ~tudied for the elastic e-d scattering. It was shown that the in­
clusion of retardation meson exchange current into the structure function 
B(q2) has a considerable effect at large transfer momenta. Moreover, for the 
structure function A(q2

) the contribution of retardation effects worsens the 
agreement with experimental data thus compelling one to take account of 
other effects , for instance, quark degrees of freedom. That situation pro­
vokes the investigation of the deuteron structure when all the contributions 
of meson exchange currents arc taken into account including retardation 
effects. 

In the present paper, the elcctrodisintcgration of the deuteron with 
allowance for retardation effect has been investigated. 

Moreove r, I he rad ia l dependence of I he mat rix clements for d-+ 1 S
0

-

transition wi th allowance for retardation effect has been studied. It was fo­
unded earlier in ref. 17 1 that the meson exchange currents (fig. I) dominate 

10 



if the relative distance between two nucleons is between l and 1.4 fm for 
t ~ 30 fm - 2

• In our work the influence of retardation effects i · studied, 
which is necessary to get a realistic picture of the radial depende ce at high 
momentum transfers. 

2. Model 

According to ref. 161 the differential cross section for the d-+ 1S
0

-

transition has the form 2 
d

2
a _ ~ 2 ':.!_ KM . 2! 2 _ 

dQdw - 3 a q2 p Sin 2 O((k; + kf) 

- 2k k cos 2 ! 0) I ( 1 S I I T Mag I I d) I 2 
If 2 0 l ' 

(1) 

ki(J) is the initial (final) momentum of the electron, q is the vector of 

momentum transfer, t stands for the four momentum transfer. T he magnetic 
multipolc T

1
Mag is expressed through the isovector current operator J as 

follows 
(2) 

The expression for the isovector retardation current is derived in the 
framework of the S-matrix method for Ml - transition due to JT exchange. 
We have the following equation: 

JR = JA + JB (3) 

with 

(4) 

Here //4JT = 0.08, M is the nucleon mass, mn: denotes the pion mass, 

k1 (2) = p' 1,2 - P1 ,2 (p1 ,2, p' 1,2 are the initial and final momenta of two 

nucleons), w is the pion energy, 

II 



a;(t) = 4.70~ . <6> 
1 + ------::-

18.23 fm -z 

F~( t) = 
1 

2 
1 

t (1 + 4.706--\-) (7) 

(1 + 18.23tfm-2) 1 +-4M-2 4M 

(see [6 )). T he matrix elements for seagull and meson currents have been 
derived in ref. [6 ). In this paper we have determined the matrix element for 
the retarda tion current. The retardation matrix element for d-.. 1 S

0
-

transition has the following form 

Here 

00 

( 
1 S

0
11 T

1
M;g11 d)= i .b f TJ(r, t)dt. 
• v LJt 0 

TJ(r, t) = a;(t) ! 2 2 uo(r) (jl <4 qr) <-h u(r)l911 (r) + 
80n M m 

]{ 

(8) 

+ w(r) /0 ( -13/1 (r) - 8J3(r))) + ji4 qr) <-Jr u(r) 1ll3(r) + 

1 + W(r) TQ(7/1(r)- 28/3(r)))), (9) 

where u(r), w(r), u
0 

(r) are wave functions of S, D states of the deuteron and 
1 S

0
-final state, respectively. The radial functions I1(r) arc given by 

oo K\k) 
I1(r) = J k\(kr) 2 Jt 2 ~ dk. 00> 

o (k + m]{) 

Kinematical quantities are related in the following way 

((M + M + E )2 - Md
2 + t)2 

= ..j II p np + f ( 1} ) 
q 2 ' 

4Md 

where M , M , Md are the neutron, proton and deuteron mass, respecti-n P . 

vely. For r-+ oo, we have 
1 

u0(r) -+ K sin (Kr + 1:50). (12) 

The momentum K is related to the relative energy of np system E
11

P as 

follows 
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K2 
E,p= M. 

Note that the result (8) is independent of J 8
. 

(13) 

To determine the realistic properties of a two-nucleon system, the inner 
structure of nuclei at short distances has to be taken into account. In this 
case the bare nN N vertex has to be parametrized by the ljertex form factor 
K (k). We shall investigate two parametrization forms of the vertex form 

ll 

factor. The first one is of a monopole form. According to ref. 16 1 we have 
A2 _ m2 

K (k) = 7[
2 

; • (14) 
ll A + k 

ll 

The second parametrization ensures the monopole behavior at small k 2 that 
is usually used in the low-energy reactions, and the (k2)-J decrease at large 
k2 assigned by quantum chromodynamics I 10 I is given by 

I 
K ll ( k) = ------=-2----4- . 

(I ++)(I + _!__) · 
A A4 

I ,ll 2,ll 

(15) 

We shall investigate different values of the cut-off parameters related to the 
rms of the nucleon: 0.48 fm and 0.7 fm. Here A = 1.25 GeV r 0.85 GeV, 

ll 

respectively. A detailed analysis of rms was done in ref. 16 ). The cut­
off parameters A1 = 0.99 GeV , A2 = 2.58 GeV were determined in 

,JT ,Jl 

ref. I 101. The calculations with the vertex form factor ( 15) were made with 
the following rcnormalization of the coupling constant/: 

r~r(1 <J 06> 

3. Results and Discussion 

Calculations of the differential cross section have been done with the 
relative energy of np system E = 1.5 MeV and scattering a ngle e = 155° np 

with the usc of wave functions of the Paris potential. The resu lts for the dif­
ferential cross section with allowance for meson exchange currents 
(figs.! ,2) arc shown in fig.3. 
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the calculations with' the vertex form factor (15), /\,, = 0 .85 GeV and 

/\" = 1.25 GeV, respectively, 5 is the calculation with the vertex form factor (14) 

and/\" = 1.25 GeV. The experimental data from (II J, (121 

It is seen that the results are very sensitive to the parametrization form 
of the vertex form factor and cut-off parameters. First of all we note that the 
calculation with monopole parametrization form ( 14) and cut-off parameter 
1\":rr = 1.25 GeV (curve 5) destroys the agreement with experimental results 

in the region oft> 10 fm - 2
• 

The incl usion of 1\ = 0.85 GeV, curve 2, leads to a more positive result 
l[ 

which is not in contradiction with the experimental data. 
Curves 3,4 (see (16)) show the calculations of the same differential 

cross section but with the rapid-dct:n:asing vertex form factor ( 15) . I lac, in 
contrast with the monopole vertex form factor, we get results in contradic­
tion with the experimental data in the region oft> 13 fm - 2

• 
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Fig.4. The dashed line I is the calculation for point particles. 2 is the inclusion of 
MEC with allowance for retardation effects (S+M+R) and A = 1.25 GeV. 3 is 

" 
the inclusion of MEC with allowance for retardation effects (S+M+R) , with 
A = 0.85 GeV. The calculations were made with the vertex form facto r (14) 
" and I= 0 fm-2 

Now let us consider the radial dependence of the matrix elements on the 
momentum t. Figures 4,5 show the calculations of the radia l functions 
q(r, t) for the vertex form factor (14) with A:;r = 1.25 GeV and 

A = 0.85 GeV for momenta transfer t = 0 fm - 2 and t = 30 fm - 2
. 

1t 

It is seen that if t = 0 fm - 2
, the retardation effects are abse t (fig.4 cur­

ve 2,3). In this case curves 2 and 3 are absolutely identical with the calcu­
lation without retardation current. The total result dominates in the range of 
relative distances of about 1.4 fm for A:;r = 1.25 GeV and 1.5 fm for 

An= 0.85 GeV. 

However, the retardation effects are more manifest in the calculations at 
large transfer momenta. 

Comparing the result obtained with allowance for retarda tion effects, 
fig.5 (curves 3,5),with the analogous calculation with the use of the seagull 
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MEC (S+M), 3 is the inclusion of MEC with allowance for retardation effects 
(S+M.+R) and /1." = 1_.25 GeV. Calculations 4,5 are the same as 2, 3, but for 

/1. = 0.85 GeV . The calculations were made with the vertex form factor ( 14) 
1< 

and t = 30 fm-1 

and meson currents, curves 2 and 4, we see, that retardation effects give a 
very considerable contribution at t = 30 fm - 2

• Here, the considered set of 
meson exchange currents dominates in the range of about 1 fm, which is not 
in contradiction with the previous result of ref.l7 ). 

4. Con cl usion 

The investigation of the electrodisintegration of the deuteron near 
threshold with allowance for retardation effects in MEC allows us to make 
the following conclusions. 
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I. The inclusion of retardation effects leads to noticeable discrepancies 
with experimental data at large transfer momenta (t > 10 fm - 2>. 

2. The calculations arc very sensitive to the value of cut-off parameters 
and strongly depend on the vertex form factors. 

3. The meson exchange currents dominate when the relative distance 
between two nuckons is of about 1-1.5 fm, when ·t < 30 fm - 2

• 

4. Generally speaking, the calculations of the differential cr ss section 
with allowance for retardation effects at large transfer momenta force us to 
take account of other degrees of freedom. 
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ANOTHER POSSIBILITY OF CONSERVED-VECTOR-CURRENT 
HYPOTHESIS VERIFICATION 

A.Z.Dubnickova, S.Dubnicka, M.P.Rekalo• 

Based on the conserved-vector-current (CVC) hypothesis and a four-p ­
resonance unitary and analytic VMD model of the pion electromagnetic form 
factor, the behaviour of a total cross section and energy distribution of the final 
state pions of vee- -+ n-n° process are predicted theoretically for the first time . 
An experimental confirmation of the latter could provide another reliable 
method of CVC-hypothesis verification for all energies above the two-pion 
thresho d. 

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

JlpyraSI B03MO)I(H0CTb npoBepKH rHnOTe3bl COXpaHCHHSI 
BeKTOpHOro TOKa 

A.3.Jly6HHlfKosa, C.Jly6HHlfKa, M.n.PeKaJJo 

Ha OCHOHe rHIIOTC3bl COXpaHCIII1SJ BCKTOpHOI"O TOK3 (CBT) 11 YIII1T3pHOH 11 
aH31111TH'lCCKOH BM,U-MO,!ICJII1 c 'ICTblpbMII p-pe30H3HCaMI1 AJJII 01111CaHI111 
3JJeKTpOMarHI1Tfl01"0 <J>opM<f>aKTOpa 1111011a UIICpBble TCOpCTI1'IeCKI1 npCJ1CKa-
3biBaCTCil IIOBC,!ICHI1e'nOJJHOI"O CC•JCHI111 11 3HCpi'CTI1'1CCKOC pacnpe,neJJCHI1C JUJ­
OHOB 8 KOIIC'IHOM COCT0111111•1 11 llpDI.lCCCC vee--+ Jt-Jto. 3KC11Cp11MCilT3Jib1Jall 
npouepKa npe,ncKa3aHJJOro npe,ncTaUJJIICT Apyroii MCTO,n npouepK11 CBT -ri1IIO­
Te3bi AJI II DCCX 3HCpr11H BbiWC ABYXIII10HHOro nopora . 

Pa60Ta 8blllOJIHCHa 8 Jla6opaTOp1111 TCOpeT11•IeCKOH <f>11311KI1 0115Ut. 

In the V-A theory of weak interactions (I I the hadronic charged weak 
current J w is a compound of vector V and axial-vector A currents. In the 

~ ~ ~ 

second half of the fifties the conserved-vector-current <CVC) hypothesis 

a v = o 
}l ~ 

(l) 

was postulated (2,31 in order to explain an approximate numerical equalit5 
of the muon decay constant G 11 and the neutron decay vector constant d . 
Later on the CVC-hypothesis manifested to be very powerful. Here we 

*Kharkov Institute of Physics and Technology, Kharkov, Ukraine 
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notice only the relation between a matrix element (n° I V In+) and a matrix 
I' 

element (n + IJ E In+) of the electromagnetic (e.m.) current J E following 
p p 

directly from (I), which finally leads to the relation 

F
7
t(s) = VI F!J= 1 (s) (2) 

between the weak pion form factor (ff) F :(s) of a virtual w- -boson 

transition (W-)* -+n-n° and the pure isovector e.m. pion f rm factor 
FJlEJ= 1 (s) of a virtual photon y• .... n + n- transition, where VI is a Clebsch-

Gordan coefficient of the SU (2) isotopic group. The relation (2) has shown 
to be very useful. There are neither data on FJlw(s) nor an accomplished 

theory, nor a phenomenology giving a reliable behaviour of thew ak pion ff. 
On the other hand, the behaviour of the e.m. pion ff is understood from the 
experimental (for a compilation see (4)) and phenomenological points of 
view (5,6 I quite well. So, the relation (2) already in an ear~ staie allowed 
[2,3] to predict a probability of the pion beta-decay n -+ n e + v e· Its 

experimental confirmation [7] is now presented as one of the brillfant 
demonstrations of a general validity of the CVC-hy.pothesis in the weak 
interaction theory. However, there is a release of a negligible amount of 
energy in the pion beta-decay and in fact one is authorized to speak about a 
CVC-hypothesis verification only in surroundings of s == 0. 

To validate experimentally the CVC-hypothesis outside thi restricted 
region, we propose here to investigate the weak vee- .... n-n° process. Its 

threshold energy is ffO) ==2m2 1m == 76.7 GeV and so, it is already 
'' Jt e 

attainable experimentally on existing accelerators. 
The differential cross-section of the weak v e- -+ n-n° reaction in the e 

c.m. system is given by the expression 

da 1 l k L IMI2 
dQ = (2Sy + l) (2se + 1) 64n2s p ' S...,S 

v e 

(3) 

where s ~4m2 is the c.m. energy squared, k = ((s- 4m2)/4) 112 is the Jl Jl 
length of a 3-dimensional momentum of produced pions, p = (s/ 4) 112 is the 
length of a 3-dimensional neutrino-momentum and S-and s ar spins of the v e 
antineutrino and electron, respectively. The matrix element M i the lowest 
order of a perturbation expansion can be calculated from the Feynman 
diagram presented in Fig.la, that for s < < m~- is reduced to a contact 

diagram presented in Fig.l b. 
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Fig. I . The lowest order perturbation expansion Feynman diagram 
giving a dominant contribution to the weak v e- ... ;r-1t

0 process 
• 

It takes the form 

G- w 
M = 7fve(p2)Y

1
,(l + y5 )e(p1) (k 1 - k2f'F![ (s), (4) 

where G = 1.1663·10-5 GeV-2 is the weak interaction Fermi constant. The 
expression (4) leads to 

do G 2 
- = --sp3 1Fw(s)l 2 sin20, 
dQ l28n2 ![ ![ 

(5) 

where p = ( I -4m2 I s) 112 is the velocity of produced pions and 0 is the 
![ ![ 

scattering a ngle in the c.m. system. To predict a behavior of o
101

(E;ab), first 
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Fig.2. The predicted by (6) behaviour of the total cross­
section of the v .. - .... n-n° process at the laboratory system 

' 

we multiply (5) by dQ = sin (} d(} dcp, then integrate over angles(} and cp and 
finally substitute the expression (2) (generally valid for - oo < s < + oo) 

and the relation s = m 2 + 2m E lab_ As a result, one gets 
t• e t' 

2 
0 (E lab) = 2_ (m2 + 2m E lab) R3 1 F EJ= I(£ lab) 12 (6) 

tot 1• 24n e e I' ,.., n n v 

from which, by using four-p-resonance unitary and analytic VMD model 
[61 of the pion e.m. ff, the behaviour of atot(Evlab) in the laboratory system 

as shown in Fig.2 is predicted. 
Besides the atot(Evlab) it is interesting also to predict an energy distribu-

tion of the pions created in the weak v(,e- -+ Jl-n° process to be given by 

do/ dE~ab. The latter is obtained from (5), first by integration over the cp 

angle and then by substitution of the relations 
m 

d cos(}= - e dE lab· s:::::: 2m E lab. 
kc.m. pc.m. n ' e 1• ' 

(e·m·E-'·"'· _ m E lab)2 
sin20 =I- n e e n dE lab 

(kc .mi (pc .mi n ' 

(7) 
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where 
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Fig.3. The predicted behaviour of the energy dis1rihu1ion 
of pions as given by (8) 

j m ' m 
F!.m. :::::: F!.m. :::::: ~c . m . :::::: __..!!.. E lab and kc.m. :::::: .j __..!!.. (E lab _ £!0)). 

]( c I 2•· 2 v ,, 

Consequently, one ge~s· the expression 

da _ e v v I v 1t IFEJ=l £lab 12 
m G 2 (£lab _ J:!O)ll (£lab _ 2£ lab)2 ) _ 

dE lab-~ £lab -£lab(£ lab_ £!0)) 1t ( v ) 
]( v 11 1' v 

(8) 

from which the energy distribution of the final state pions of the reaction 
vee- -+ n-no at four different energies corresponding just to p (710>, 

p'(l450), p"0700), p"'<2150) resonances is calculated. The results arc 
graphically presented in Fig.3. 

The experimental approval of our predictions for a101(£~ab) and 

da/ dE lab could validate the CVC-hypothesis for all investigated energies 
]( 

above the two-pion threshold. 
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PROTON-PROTON BREMSSTRAHLUNG 
AND NARROW DIPROTON RESONANCES 

S.B.Gerasimov, A.S.Khrykin 

The possibility is suggested and discussed or using the bremsstrahlung 
reaction in proton-proton interactions as a new tool for searching and 
investigating the narrow diproton resonances. 

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

OpoToH-npoTOHHoe TOPM03Hoe H3Jiy'leHHC 
H y3KHe AHnpoTOHHhle pe3oHaHChl 

c.:s.repaCHMOB, A.C.XpbiKHH 

npeA/taraeTCII H o0CY>KA3eTCII 803MOlKIIOCTb HcnOJib308aHHII peaKU.HH T0p­
M03HOI'O H3Jiy'leHHII 8 npoTOH-npOTOHHOM B3aHMOAeikTBHH 8 Ka'leCTUe 110801'0 
CllOCOOa AJIII 110HCK3 H HCCJieA08aHH!I Y3KHX AHilpoTOHHbiX pe30H311C08. 

Pa6<na 8blllO.~Heua 8 Jla6opaTOpHH MAepubiX npo6JieM 01-UIM. 

. . 
I. Introduction and Motivation 

The discovery of the dibaryon (and, possibly, multibaryon) resonances 
would, undoubtedly, be of great importance for many parts of hadron phy­
sics including nuclear physics. Although the evidences for dibaryon reso­
nances have repeatedly been reported in many experiments, the situation 
cannot be regarded as a well-determined. The current status of this problem 
(1 ,2,3 I .advances its unambiguous solution to the level of main tasks of the 
nucleon-nucleon interaction physics at intermediate energies. 

Among the available dibaryon candidates, the group of narrow resonan­
ces with masses M

8 
in the range 2m < M

8 
<2m + m presents special in-

P p :rc 

terest. In this paper, we suggest discussing the novel means of sea·rching and 
investigating the dibaryon resonances of that type. Our main purpose is to 
show the utility and expediency of the proton-proton bremsstrahlung to 
search for the narrow diproton resonances. 

As the starting arguments in favour of this proposal the following 
remarks appear to be pertinent: 
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• The common feature of all dibaryon candidates is the small val e of their 
coupling to the NN-channel. The direct confirmation of this sa lient fea­
ture is provided by the recent experiment on searching for narrow reso­
nances in pp-scattering with a small step of the incident proton energy 
variation (4). Therefore, the use of the inelastic NN-channels a ppears to 
be a more perspective way of inquiring into dibaryon resonances (5). 

• The decay modes of resonances with masses M 8 < 2mP + mn are pp- and 

ppy-channels. The experimental indications of radiative decay channels 
were obtained in reactions including atomic nuclei (5,6). However, from 
the point of view of simplicity and reliability of data interpretation, the 
radiative processes in the <<elementary>> NN-interaction would · have 
undoubted advantages. Among all inelastic NN-reactions the 
bremsstrahlung is the simplest one. The experience accumula ted in the 
experimental and theoretical investigation of NN-+ NNy reactions is very 
useful for estimation of the resonance-to-background ratio in indicated 
reactions. 

• For some spatial or internal quantum numbers the decay B-+ pp may be 
forbidden or suppressed by the rigorous <Pauli principle) or approximate 
(isospin, etc.) selection rules. The radiative channel of the resonance 
production pp-+ yB and subsequent decay B-+ ypp will then be the 
unique or principal c!lannel if the proton energy is below the pion 
production threshold. The use of the double bremsstrahlung reaction in 
the region of the assumed resonances (the coincidence mea urement) 
allows favourable possibilities to determine the quantum numbers of the 
explored resonances at the advantageous signal to background conditions 
(i.e., background from the ordinary, bremsstrahlung mechanism is 
expected to be strongly reduced) and with the minimal free parameters to 
be determined experimentally. 

2 . The Model of <<External» Radiation 
of Soft Photons Ncar the Resonance 

Firstly, we consider the bremsstrahlung reaction near the resonance 
with quantum numbers allowing <<elastic» decay channel B -. pp when 
f

101 
E!! f(B ._. pp). We refer to this case as the <<external>> bremsstrahlung 

because in this case the dominant radiation mechanism is described by the 
pole diagrams in Fig. I (a-c) and is determined by the electromagnetic 
characteristics and resonant interaction amplitude of the colliding particles. 
As far as the quantum numbers of a resonance are regarded as unknown, it 
is impossible to calculate the radiative amplitude taking into account 
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a b c 

d e f 
Fig. I . Diagrams or the bremsstrahlung reaction. The solid line corresponds to nucleons; the 
double line, to dinucleon resonance; the doted line, to photon 

consistently all spin dependent characteristics of particles (magnetic 
moment, etc.) and the interaction, and therefore, we have to confine 
ourselves to retaining only the <<charge>> (convection) part of the 
corresponding electromagnetic currents. However, as it has been shown for 
the case of the ordinary, nonresonant bremsstrahlung 18 I, the neglect of the 
magnetic moments is justified at relatively low photon energies. The 
inclusion ·of only the convection current results in obtaining the lower bound 
of the considered cross section. The presence of the narrow resonance will, 
obviously , produce the characteristic, narrow y-line in the emitted photon 
spectrum. T he position and shape of this line are mainly determined by 
kinematics of the initial stage of the quasi-two-particle reaction 
pp-+ yB-+ yX through the resonance mass M 

8 
and width rtot" Our 

approximation (allowing for charge/convection current only) and 
dominance of the contribution to the cross section from the initial particle 
radiation permit us to give the general expression for the inclusive photon 
distribution in an arbitrary reaction a + b-+ y + R-+ y + X ncar the 
resonance R with mass M R' spin J Rand partial width rab = r(R-+ ab) for 

any charge Z a(b) (in units of e) and masses Ma(b) of the colliding particles: 

d2a a I p'W' 
. dQ (ab-+yR-+yX)=-2 -Fb(p,O)-W ~w(s'), (I) 
wk. 4nwa p 

where 
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Fig.2. Differential cross section for pp-. yX reaction («extemal» radiation). The solid curve 
corresponds to f

101 
= 0,150 MeV; the dashed curve, to f

101 
= 1.0 MeV 

(2) 

2 
ifJW s' _ 4n 2l R + 1 M R f abftot 

( ) - p'2 (2J + 1) (2Jb + 1) (s' _ M2)2 + M2r 2 
a R R tot 

(3) 

(4) 

- _../!_- 2psl/2 
{3 a( b) - E - 2 2 ' 

a(b) s + Ma(b)- Mb(a) 

(5) 

s = W 2 = (p
0 

+ pJ2, s' = W' 2= (p
0 

+ pb- k)2= s- 2wvs, p - p'(s- s'), 

cos()= p
0 

k, Ja(b) - spin of the particle a( b), a= 1/137, w - photon 
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energy in c.m.s. For a-+ N and b-+ N in various charge states, we obtain 
from Eq.(2) in the leading nonrelativistic appraximation: 

4 
4~ sin20 cos20 (a- p, b- p) 

m 
2 

F NN(p, 0) = i ..IS sin2
0 (a- p, b- n), (6) 

m 
2 

4~ sin20 (a- p, b- p) 
m 

where m is a nucleon mass. For the illustrative purposes, and to estimate the 
possible signal-to-background ratio the pp-+ yX reaction cross section is 
presented in Fig.2 at some fixed values of the initial proton kinetic energy 
Tlab' and photon angle Oy. Rather arbitrary, we take r

101
:!! f(B-+ pp) = 

= 0.15+1 MeV, J 
8 

= 0 and M 
8 

= 1936 MeV for the assumed resonance pa­

rameters. It should be noted that for J 
8 

;e 0 the height of the resonant peak 

must be increased (2J 8 + I) times. 

· 3. The Case for <<Internal» Bremsstrahlung 
Nea r the Resonance 

For the radiative processes, like the nuclear photodisintegration or 
meson photoproduction [9) or considered here bremsstrahlung reaction, 
the case wben the dinucleon resonance decay into the NN-channel is either 
forbidden or hindered presents special interest. It is easily seen that the 
Pauli principle forbids the parity-odd (even) spin-singlet and parity-even 
(odd) triplet NN-states with the isospin I= I (I= 0). For any of the 
possible spin values of the NN-system the following combinations of the 
total angular momentum J and parity Pare forbidden: 

Jp=jt:,3:.s: ... , ~fl:t. 
0 , 2 , 4 ... , tf I - 0 

(7a) 
(7b) 

For the pp-sta te the validity of the selection rule (7a) takes place regardless 
requirements of the isospin symmetry. Thus, if the diproton resonance has 
JP from the set values (7a),then r

101
:!! f(B-+ ppy) forM 8 < 2mp + m][. The-

refore, because of r(B-+ pp) = 0, the photon emission processes entering 
into the resonance excitation and decay vertices will, in place of the pole 
diagrams in Fig. I (a-e), be described by the diagrams as is shown in 
Fig. I (f). This <<internal>> radiation mechanism must be accompanied by es-
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sential change of the intrinsic motion of constituents composing the reso­
nating hadronic system. We shall describe such radiative transition with the 

help of the effective Lagrangian f rr = f(F ,, P , \11, \11.) involving the 
c I" pa. ·.:_ ' 

electromagnetic field tensor F and the fields B , \11, \11 representing the 
I"' pa. .. c 

dibaryon resonance and initial or final nucleons (\11 being the charge-con-e 
juga ted field operator that is introduced for the baryon number conservation 
in appropriate vertices). To write down even the simplest form of the Lag­
ra ngian we need to know the quantum numbers (spins and parities) of the 
dinucleon resonance and the nucleon pair in the continuum. Taking into ac­
count the relative proximity of M 

8 
and invariant mass of nucleons to the 

th reshold value Wthr = 2mP, we take, in accordance with Eq.(7a) , the sim­

plest assignment JP = I+ for the B-resonance and JP = 0+ for the pp-pair 
in the continuum. Electromagnetic vertices entering into the diagram in 
Fig. I (f) have then the conventional form of the magnetic dipole transition, 
and we obtain for the cross section of the resonance reaction 
pp-+ yB -+ yypp, expressed through two free parameters (M 

8 
and width 

r
101 

= r(B -+ ppy) and reduced to the non-relativistic linrit, the followitlg form: 

da(pp-+yB-+yypp) =-9_v'm(~w-w 1 -w2 ) F IDnw
1

2 

dw 1dQk dw 2dQk 64n I pi 2 
I 2 

(8) 

Dj = (W 2
- 2wjW- Mi + i M11r101

)-
1

, j = l, 2, 

where ~w = W- 2m, ~~~ = M 11 - 2m, rrad = r
101 

= r(B-+ ypp) , the nu­

merical constant C :'!! 0.1016 being determined after the integration over the 
final state phase volume in the decay B-+ pfTy, while we express unknown 
coupling constant in the effective Lagrangian through also unknown but 
measurable rrad· 

At the first stage of investigation of this reaction one could confine one­
self in searching for the narrow y-line at w = w res = ( w2 

- M i) l2 W, which 

would give evidence for very existence of the resonance with mass M 
8

. In 
2 

Fig.3, the dependence is shown of the cross section d~d~k (pp-+ yX) on the 

energy of a detected photon. This is obtained by integration of the reso-
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Fig.3. Dirrerential cross section ror 
pp-+ yX reaction («internal• radiation). ~ 

The solid curve corresponds to t 
r = 0.1 ke V; the dashed curve, to ~ 
~ 5 

lrP .. . ----·---- ·---

\ .. ' 

Tlab=l ~0 M<V, 9y=JO d<~. R=~% 

\ 
' , I I 

·, :\ _ 
f

101 
= 1.0 kcV . ~ 10' 

nance cross section, Eq.8, over 
variables of one photon. Nume­
rical values around the resonance 
peak correspond to 
M 8 =l936 MeV, frad = 01+1 keY 

and the Gaussian function of the 
experimenta l energy resolution 
with R = tlw/w = 5%. The y 

smooth, <<background>> curve cor­
responds to the calculation of the 
pp-bremsstrahlung from Ref. 18 J. 

4. Co nclusion 

i 
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H o ~ ~ 100 1m 
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Our es timates reveal utility of the bremsstrahlung reaction as a means 
of finding out and especially of further investigation of the narrow diproton 
resonance. We treat them as very promising and opening good perspectives. 
The model calculations of the radiative widths of the diproton resonances 
give rather crude estimations in the range 0.1+1 keV 110, II I for the case 
when f

10
t ~ f(B-+ ppy). We believe that with a fairly simple experimental 

set-up one could find a more stringent upper bound limit on f(B-+ ppy) as 
compared with the model estimates. If unambiguous confirmation of the 
narrow diproton resonances is gained, the pp-bremsstrahlung opens new 
and, seemingly, unique possibilities of their further study, e.g. the deter­
mination of the quantum numbers by using the polarized beams (targets), 
measuring the photon-angle-correlations in the double bremsstrahlung 
near resonance, supplement studying of the final particle distributions in 

·the bremsstrahlung reactions (this aspect of the problem is discussed, 
within more general context, in Ref. (12 J), etc. 
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ON BETA D E CAY OF THE ISOTOPE 
183

TJ PRODUCED 

BY THE 
147

Sm + 4°Ca REACTION 

A. Bouldjedri , R.Beraud
1
, R.Duffait

1
, A.Astier

1
, A.Emsallem

1
, 

N.Redon
1

, A. Barneoud
2

, J.Blachot
2

, J.Genevey
2

, A.Gizon
2

, J.lnchaouh
2

, 

Yu.A.Lazarev , Yu.Ts.Oganessian, I.V.Shirokovsky, I.N.Izosimov
3 

Beta decay of the ground state of a very neutron-deficient isotope 183TJ was 
investigated. The 183TJ was produced via the 147Sm(4°Ca. p311) reaction on the 
SARA cyclotron at ISN, Grenoble. Gamma lines resulting from the deexcitation 
of 183 Hg levels were observed and the half-life of 183TI was determined to be 
5 ±2 s. The known isotope 184TI was also produced and clearly identified in these 
experiments. 

The investigations have been carried out in the framework of the JINR -
IN2P3 collaboration. 

0 6eTa-pacna.D,e H30Tona 
183

TI, o6pa3ytOJ.J.J.erocSI B peaKU,HH 
J47sm + 40ca 

A.BoyJI.D.::>Ke.D,pH ".D.P· 

Ha U.HKJIOTPOile SARA 8 rpeBo6JJe HCCJieAOU3JICII P-pacnaA OCIIOBilOI"O 
COCTO!lllH!l 04ellb lle~ITpollOAe!f>HU.HTilOI"O H30TOna 183TJ, AJIII fiOJJy•tellH!l KOTO­
poro" HcnOJib30BaJJaCb IIAeplla!l peaKU.HII 147Sm(4°Ca, p311) . Ha6JIIOAaJJHCb y­
JIHHHH, COOTBeTCTDYIOW.He AeB036y>K/IellHIO ypoouei1 183Hg. nepH0/1 nOJJypaC­
naAa 183TI onpeACJJeB paoBbtM 5±2 c. B 3KcnepHMeHTax 6biJJ noJJy•teu H HAeii­
TH!f>HLJ.HpooaH TaK>Ke H3DeCTHbiH H30TOI1 184TJ. 

Pa6oTa BblllOJJileua o paMKax corJJameHH!I Me>KAY OIUUI H Hau.HoHaJJb­
llbtM HllCTHTYTOM lf>HJHKH 11/lpa H lf>H3HKH •laCTHU., <f>pa11U.H!I. 

l. Intro duction 

During the last two decades, extensive experiments were performed to 

study very neutron-deficient nuclides located near the closed Z = 82 shell 

(see, e.g., R efs. (l-12 )). These experiments aimed at identifying new 

11nstitut de Physique Nuch\aire de Lyon, IN2P3-CNRS et Universite Claude Bernard, 
43 Bd du II Novembre 1918, F-69622 Villeurbanne Cedex, France 

2Institut des Sciences Nucleaires, IN2P3-CNRS et Universite Joseph Fourier," 
53 Avenue des Martyrs, F-38026 Grenoble Cedex, France 

3V .G.Khlopin Radium Institute, I Roentgen St., 197022 St.J>etersburg, Russia 
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isotopes, searching for the ground-state proton radioactivity a nd probing 
the limits of stability of proton-rich nuclei, studying peculiarities of a-decay 
in this region of nuclei, characterizing nuclear isomerism which appears to 
be a widespread phenomenon here, and at exploring also a variety of other 
aspects of nuclear structure and decay. 

Our interest in studying the above nuclei is motivated mainly by find­
ings of the recent experiments performed at Dubna where a new region of 
EC(fi+)-delayed fission has been revealed [ 13-15 ). In fact, th phenome­
non of EC(fi+)-delayed fission was shown to occur far outside its traditional 
actinide nest: it was discovered for the ultra neutron-deficient nuclei of 
mercury and lead. Here, a prime example of EC(fi+)-delayed fi ssion is the 

fission activity of T 112 = 0.97~g:g~ s repeate~t 1etected in the 
144Sm + 4°Ca reaction and assigned to the 180TI O. $, s) • 180 Hg decay 

chain [13-151. Another striking case of EC(fi+ )-delayed fi sion, with. 
T 112 = 0.3 s, has been revealed in the 151

•
153Eu + 40~a and 147Sm + 45Sc 

reactions and attributed to the decay chain 188Bi E~fs ) • 188 Pb ( 13-15 ). 

A quantitative a nalysis of the results on EC(fi+)-delayed fission wiJI give a 
unique information on fission barrier heights of the cold nuclei lying 
extremely far off the fi-stability line [13, 16 ). This information cannot be 
obtained by any traditional means. However, for this analysi it is very 
important to perform detailed experimental studies on the radioactive 
properties and structure of nuclei in this region, especially on their fi decay 
characteristics [17 ). 

At present, the lightes t identified even-A isotope of thallium is 182TI 
(T

1 12 ::::: 3 s) known to undergo mainly EC(fi+) decay Ill , 12 ). For odd-A 

thallium isotopes, a systematic occurrence of the l /2+ ground sta te and of a 
low-lying 9/r isomeric state was observed [3, 7 ). The first identification of 
the lightest odd-A thallium isotopes, 179TI, 181 TI and 183TI, was based on 
a decay of an 9/r isomeric state [4,6, 18). The ground states of 179TI and 
181 Tl have also been idcn tificd [6, 12, 18 ). 

In this paper, we report on our experimental results concerningfi decay 
of 183TI, which, according to systematics [3,7,18 ), is expected to be the 
main ground-state decay mode of this nucleus. Thefi decay of 183T I could be 
identified since the low-lying levels in 183Hg have already been known from 
a-decay studies of 187Pb )5), where two excited states, at 67 keY and at 
275 keY, were observed, with probable spins and parities being (3/2- or 
Sir> and (1/2- or 3/r), respectively. Then f3 decay of a l/2+ state of 
183TI can feed at least the higher level, thus providing the three y 
transitions: 67 keY, 208 keY, and 275 keY. 
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2. Expe rimental 

Our ex periments were performed at the SARA cyclotron in Grenoble. 
A self-supporting metallic Sm target (2.1 mg/cm2) containing 96.5% of 
147Sm was irradiated by a 4°Ca beam with a typical intensity of 2 ·10 11 pps. 
Reaction products recoiling out of the target were stopped in 1.4-bar 
pressurized helium and transported on NaCI (or PbCI2) aerosols through a 
1-mm diame ter 12-m long capillary to a programmable tape-transport sys­
tem used to carry the collected activity to a low-background counting posi­
tion. The tape-transport system allowed us to make also a suitable selection 
of collection and counting time intervals. Measurements including y multi­
analysis (counting periods 8x I s), y- X and y-y coincidences were 
performed. Further details concerning the experimental setup are given in 
Ref. I 19). 

Two beam energies were used in the present work, 196 MeV and 
210 MeV at the middle of the tar~et. We note that prior to our work, Toth et 
al. [8, 9) employed the 147Sm + °Ca reaction to produce very proton-rich 
isotopes of lead. In their experiments, the a activity of 183mTI was observed 
at bombard ing energies of 194 MeV and 212 MeV, while there was no 
evidence for its production at 222 MeV. Thus, the beam energies used in the 
present work should provide an optimum yield of 183TI and 184TI via the 
(
4°Ca,p3n) and <

4°Ca,p2n) channels.This energy range selection was 
corroborated also by our statistical-model calculations made with the 
ALICE co.de [20 ]. 

3. Res u lts and Discussion 

•At 196 MeV 
They spectra measured at the bombarding energy of 196 MeV give a 

firm evidence of the 184TI production. Two y transitions in 184Hg, 286 keY 
and 367 keY , known from in-beam spectroscopy studies [21) as well as from 
{3-decay studies of 184TI [22 I are clearly observed here (see Fig. I). An ana­
lysis of Hg K X -y coincidence data supports the assignment of these y lines 
to EC(/3+)-decay of 184TI. Besides, an analysis of the time distribution of Hg 
KX-rays gives a half-life value of 10.0 ± 0.7 s, in a good agreement with 
r

112 
= II ± I s known for 184TI [22,23); this means also that, at the given 

bombarding energy, the yield of lighter (and presumably shorter-living) 
isotopes ofT I is low compared to that of 184TI. As they lines of 208 keY and, 
.probably, 275 keY are seen in the lower spectrum on Fig. I, it indicates a 
production of 183TJ; however, no clear coincidences between Hg KX-rays 
and these y-events were obtained at this bombarding energy. 
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Fig. I . Comparison of they spectra measured at the 4°Ca beam energies of 210 MeV (upper 
spectrum) and 196 MeV (lower spectrum) 

•At 210 MeV 

As it could be expected, here the relative intensity of the 208 keY and 
275 keY y-lines has increased compared to that of the 367 keY y-line of 
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1
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184TI (see Fig. I). A time analysis of the 208 keVy-line and that of Hg KX­

rays gives ha lf-life values of 5 ± 2 s and 6.3 ± l.S s, respectively (Fig.2). 
These values are in agreement with the <<gross>> theory predictions of Taka-
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hashi et al. [24) for 183Tl and also with the T 112 value of 6.9 ± 1.4 s obtai­

ned for 183Tt in a parallel investigation 1121 performed by using a mass­
separator facility and 1 GeV proton-induced spallation reacti ns on ura­
nium and thorium tar~ets. 

To conclude, the 83Tt isotope with T 112 = 5 ± 2 s was clearly produced 

in the 147Sm<4°Ca,p3n) reaction and characterized via measuring its gro­
und-statej! decay. Yet the isotope of principal interest for us is the still un­
known 18 Tl - the precursor of the EC(,B+)-delayed fission of 180Hg -
which can be produced by the 144Sm <4°Ca, p3n) reaction. The sensitivity of 
the experiment to identify 180Tt can be essentially improved by involving 
the detection of a particles and a-X coincidences. Whereas for 182Tl and 
184TI the a-decay branches are quite small, b < 5% [ 11, 12 I and b :::::: 2% a a 

[23), respectively, 180TI is expected to show comparable branches for a and 
EC(,B+) decays. Again, to incr~ase the selectivity of the 180Tl experiment, if 
is highly desirable to usc a mass-separation technique, e.g., the IGISOL 
technique [25[. However, when applying this technique to heavy-ion-indu­
ced fusion-evaporation reactions, a serious difficulty arises due to the so­
called «plasma effect» which causes a dramatic reduction of the efficiency 
[26). A way out of this difficult situation can be provided by taking advan­
tage of a huge difference between the angular distribution of beam particles 
and that of evaporation residues (EVRs) after passing a moderately thick 
target of a few mg/cm2

. This <<shadow>> method with a beam stop previously 
used by Sprouse et al. [27) for laser spectroscopy studies was applied in our 
recent IGISOL experiments at SARA with the 154Sm + 40Ar (2 17 MeV) 
reaction [28 ). The beam stop allowed us to catch more than 96% of the 40 Ar 
particles whereas some 40% of EVRs missed the beam stop by vir tue of their 
transverse momenta and could enter the He pressurized IGISOL chamber 
separated from the target/beam-stop chamber by a thin Havar window. In 
this way it was possible to decrease the <<plasma effect>> significantly and 
thus mass-separate the Hg-Au-Pt isotopes in the 188-189-190 mass chains. 
It is this combination of the <<shadow» method with the IGISOL technique 
that shall be applied in our forthcoming studies of 180Tl. 
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rPACl>HlJECKHR HHTEPCl>ERC CHCTEMbl PPDS 
HA OCHOBE PAW 

B.B.VI.sauos, IO.B. CTomipcKHH 

OmtCbt8aeTcll nporpaMMHbiH HltTep<jlei1c, II0380JIIIIOU\HH npet~CTaBJIIlTb 8 
rpa(j>H•ICCKOH (j>opMe J>C3YJibTaTbl 3KCnepHMeHT3JibHbiX H3MepeHHH H 1..\eHKH 
pa3JIH'IHbiX xapaKTepHCTHK (j>H3H'IeCKHX peaKI..\HH, xpaHilll\HeCil 8 6a3e t~aH­
HbiX REACTIONS CHCTeMbl PPDS. )].Jill BH3yaJIH3ai..\HH 3KCnepHMeHT3JibllbiX 
AaHHbiX HCilOJib3yeTCil naKeT PAW. 

Graphical Interface for PPDS System Based on PAW 

V.V. Ivanov, Yu.V.Stolyarsky 

The program interface allowing to display graphically•experimental meas­
urements results and evaluations of various physical reactions parameters stored 
in the REACTIONS database of PPDS system is described. PAW package is 
used for experimental data visualization . 

CHCTeMa 6a3 ~aHHhiX ci>H3HKH 'laCTHU. PPDS (Particle P hysics Data 
System) ( l I SIBJBieTcsr y~o6HhiM HHCTpyMeHTOM ~JISI c6opa, ou.euKH 3Kcne­
pHMeHTaJibHhiX ~aHHhiX H ooecne\leHHSI HX ~OCTynHOCTH llOJib30BaTeJI.IIM. 
Ocuosy PPDS cocTaBJISieT CHCTeMa ~oKyMeHTaJibHhiX H ct>aKTOrpacJ>HllecKHX 
6a3 ~aHHhiX cJ>H3HKH 'laCTHU. npoMeX<yTO'lHhiX H BhiCOKHX 3HeprHH . .l1,oKy­
MeHTaJibHhle 6a3hl ~auuhlx DOCUMENTS [2 I H EXPERIMENT S [3 I npe­
~OCTaBJISIIOT HCCJie~OBaTeJIIO 803MOX<HOCTb onepaTHBHOro peTpocneKTHBHO­
ro llOHCKa CChiJIOK Ha ~OKyMeHThl, CO~epX<alli,He ~aHHhle 0 cJ>u3HKe 'laCTHU.. 
DOCUMENTS co~epX<HT onucauuSI ny6JIHKau.ui1 opuruHaJibuoro H o63op­
uoro xapaKTepa. B EXPERIMENTS co6paua uucJ>opMaU.HSI o TeKyll.l.HX H 
3aBepUieHHhiX 3KCnepHMeHTaX. <l>aKTOrpacJ>ulleCKaSI 6a3 ~aHHbiX 
REACTIONS [4] co~epX<HT 'lHCJiosoii MaTepuaJI pe3yJihT3TOB 3Kcnepu­
MeHTaJibHhiX H3MepeHHH H OU.eHKH pa3JIH'lHhiX xapaKTepHCTHK cJ>H3H'le­
CKHX peaKU.HH, onyMHKOB3HHhiX B nepHO~H'leCKOH ne'l3TH H KaTaJIOrH3H­
poB3HHhiX B 6a3e ~auuhlx DOCUMENTS. 3TH ~auuhle xpauSITCSI B BH~e 
T36JIHU., 6JIH3KHX llO cJ>opMe K npe~CT3BJieHHIO, npHH.IITOMY 8 ny6JIHK3U.H.IIX 
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Ta6JJHil3 111 

TITLE AMHOSOV 76 NC 40A, 237 
TITLE RE P P --> PI- X 
TITLE P I N GEV 69.000 
X-AXIS PL (P=3,RF=LAB) IN GEV 
Y-AXIS (E (P=3 ,RF=LAB) /PI) *D(SIG) /D(PL(P=3, RF=LAB)) l N MB 

-0.40000 TO -0.35000 0. +- 0. 
-0.35000 TO -0.30000 1.7000E-02 +- 1.2000E-02 
-0.30000 TO -0.25000 4.7000E-02 +- 1.8000£-02 
-0.25000 TO -0.20000 0.11000 +- 2.9000£-02 
-0.20000 TO -0.15000 0.21100 +- 3.8000£-02 
-0.15000 TO -0.10000 0.41300 +- 5.0000£-02 
-0. 10000 TO -5.0000£-02 0.77100 +- 6.8000£-02 
-5.0000E-02 TO 0. 0.98300 +- 7.8000£-02 
0. TO 5.0000E-02 1.2400 +- 8.0000£-02 
5.0000E-02 TO 0.10000 1.7300 +- 0.11000 
0.10000 TO 0.15000 2.4100 +- 0.13000 
0.15000 TO 0.20000 2.6700 +- 0.14000 
0.20000 TO 0.25000 3.4100 +- 0.17000 
0.25000 TO 0.30000 3.5000 +- 0.18000 
0.30000 TO 0.35000 4.0700 +- 0.21000 
0.35000 TO 6.40000 4.2800 +- 0.22000 
0.40000 TO 0.45000 5.0000 +- 0.25000 
0.45000 TO 0.50000 5.0100 +- 0.27000 
END 18 

I) nepCMCIIII3 SI npC,IICT3BJJCII3 HIITCpBaJIOM 3fla•ICIIHH 

(eM. Ta6JI.l H 2). HeAOCTaTKOM PPDS SIBJISICTCSI OTCYTCTBHe yAo6Horo rpa­

lPH'ICCKoro HHTepQ>eJ1ca AJISI BH3yaJIH3aU.HH yKa3aHHOH HHlPopMaU.HH. 

C Apyrol1 CTOpoHbl, YAOOHbiM HHCTpyMeHTOM AJISI aHaJIH3a H BH3yaJIH3a­

U.HH 3KcnepHMeHTaJibHbiX AaHHblx SIBJISICTCSI naKeT PAW (Physical Analysis 

Workstation) [5), pa3pa6oTaHHbiH 8 CERN H wHpoKo HcnOJih3YCMbiH 8 Ha­

CToHmec 8peMSI uo MHorHx lPH3H'ICCKHX u.eHTpax. PAW npeACTa8JISICT co6ol1 

HiiTepaKTH8HYIO CHCTCMY, 8KJ1104aJOIUYJO pa3HoOOpa3HbiC CPCACTBa npeA­

CTaBJICHHSI H a HaJIH3a AaHHbiX. 6o.nhwoe BHHMaHHe B PAW YACJieHo pea.!IH3a-
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TITLE 
TITLE 
TITLE 
TITLE 
TITLE 
X-AXIS 
Y-AXIS 

1.5900 
1.9500 
2.3800 
2 .7600 
3.3200 
END 

BREAKSTONE 86 ZP C30, 507 
THETA(P=3,RF=CM,P=1) IN DEG 50.000 
RE(Q=P) P P --> P X 
RE(Q=K+) P P --> K+ X 
RE(Q=PI+) P P --> PI+ X 
PT(P=3,RF=CM) IN GEV 
(SIG(Q=P)+SIG(Q=K+))/SIG(Q=PI+) 

0 .73000 
0 .83000 
0.72000 
0 .86000 
0.72000 

5 

+-
+-
+-
+-
+-

l)nepCMCHH311 npCJ1CT3BJICH3 OTJICJibHbiMH TO'IK3MH 

3 . 0000E-02 
4 . 0000E-02 
6. 0000E-02 
9. 0000E-02 
0. 12000 

u,uu yAo6Horo noJib30BaTCJibCKOro HHTCpQJeiica H rpaQ>H'ICCKOMY npeACTaB­

JICHHJO AaHHbiX. 

lJ.CJibiO AaHHOH paOOTbl SIBJISICTCSI C03AaHHC HHTCJXPCHCa, n 3BOJISIJ0lli,C­

ro HCnOJib30BaTb B03MO)KHOCTH CHCTCMbl PAW AJISI rpaQ>uqecKoro npeACTaB­

JICHHSI HHQ>opMau,HH, xpaHSilli,CHCSI B 6aJe AaHHbiX REACTION • 

2. <l>opMaT npeACTa8JieHHSI A3HHbiX 

8 6a3e AaHHbiX REACTIONS 

Ka~biH HJ AOKyMeHT08 B 6aJe AaHHbiX REACTIONS oTo6pa)KaeTCSI B 

8HAC JanHCH, KOTOpaSI COACP)KHT 6H6JIHOrpaQ>H4CCKYIO CCbiJIKY, COOcTBCHHO 

4HCJI08biC AaHHbiC- pe3yJibTaTbl 3KCnCpHMCHTaJibHbiX H3MCpCHHH, CHCTC­

MaTH'ICCKHC OWH6KH If, 803M0)KH0, OU,CHKH pa3JIH'IHbiX xapaKTCpHCTHK <j>H-

3H'ICCKHX peaKU,HH. 

3TH 4.HCJIOBbiC AaHHbiC xpaHSITCSI B 8HAC Ta6JIHU,, COACp)KallJ,HX 3Ha'IC­

HHSI HCCJICAYCMOH nepeMCHHOH, COOTBCTCT8YIOllJ,HC HM H3MCpCHHbiC 3Ha'Ie­

HHSI (3KcnepHMCHTaJibHble TO'IKH) H owu6Ky HJMepeHHSI. Ta6JIHU.bl 1 H 2 co­

ACp)KaT peJyJihTaTbl noHcKa 8 6aJe AaHHbiX REACTIONS, coxpaHCHHble c 

noMOllJ,bJO KOMaHAbl DOCU B pe)KHMe MOOD= 2 (6 ). 8 Ta6JI. l HCCJieAye-
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MaS! nepeMeHHaSI npeACTa8JieHa 8 8HAe HHTep8aJia 3Ha4CHHH (3Ha4CHHe I 
TO 3Ha4CHHe 2), a 8 Ta6JI. 2- 8 8HAC OTAeJibHbiX T04CK . 

3. PeaJI H3au,HSI 

0nHCb18aeMble 3ACCb npou.eAYPbl peaJIH308aHbl 8 cpeAe VAX VMS 5.4. 
B CHCTeMe PPDS npu pa6oTe c 6a30H AaHHbiX REACTIONS 8b16paHHbiC no 

3anpocy llOJlb308aTeJISI AOKYMCHTbl MOryT 6b1Tb COXpaHCHbl C llOMOmbJO KO­

MaHAbl DOCU ment 8 <PaiiJie RD. DOC. 3ToT <PaiiJI ucnoJib3yeTCSI 8 Ka4eCT8C 

HCXOAHOI"O AJI SI H38JIC4CHHSI HHTepecyiOmHx nOJib308aTeJISI Ta6JIHU, H nOAI"O­

T08KH 8CllOMOraTCJibHbiX <1>aHJI08, C KOTOpbiMH 8 AaJibHCHWCM paOOTaCT 

PAW. PeaJIH308aHo 3TO 8 npou.eAype EXTR, KOTopaSI 4HTaeT <PaiiJI 

RD.DOC, 8bl6upaeT noMe4eHHble noJib308aTeJieM Ta6JIHU,bl, C03AaCT <PaiiJI 

PPDS.KUMAC H 8CnoMoraTeJibHb1e<Pai1Jib1 DATOOI.RD ••• DATOOn.RD (n 

pa8HO 4HCJIY fiOMC\.fCHHbiX Ta6JIHU,, 8 AaHHOH peaJIH3aU,HH AO I 0). noJib30-

8aTeJib noMe4aeT HHTepecyJOmHe ero Ta6JIHU,bl, noMemaSI 8 pe::>K.HMC peAaK­

Tlfpo8aHHSI CHM80Jl <<*» 8 nep8b1H 6aHT CTpoKH, npCAWCCT8yJOmei1 HatJaJiy 

Ta6JIHU.bl 8 <PanJie RD.DOC (eM. Ta6JI. 3). 
noJiy4CHHbiH 8 pe3yJibTaTe 8blllOJIHCHHSI npoU,CAYPbl EXTR <PaiiJI 

PPDS.KUMAC COACP::>K.HT MaKpoKoMaHAbl <<001» ... «00n» (no 4HCJIY OTO-

* 
TITLE 
TIJLE 
TITLE 
TITLE 
TITLE 
X-AXIS 
Y-AXIS . 

1.5900 
1.9500 
2.3800 
2.7600 
3.3200 
END 

Ta6JJHU.3 31J 

BREAKSTONE 86 ZP C30, 507 
THETA(P=3,RF=CM,P=1) IN DEG 50.000 
RE(Q=P) P P --> P X 
RE(Q=K+) P P --> K+ X 
RE(Q=PI+) P P --> PI+ X 
PT(P=3,RF=CM) IN GEV 
(SIG(Q=P)+SIG(Q=K+))/SIG(Q=PI+) 

0 .73000 
0.83000 
0.72000 
0.86000 
0.72000 

5 

+-
+-
+-
+-
+-

I )Ta6JJ~tua, IIOMC•ICHHall ,!VIII BbtOOpKH B lj>ai1.ne RD.DOC 
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3.0000E-02 
4.0000E-02 
6.0000£- 02 
9.0000E-02 
0. 12000 
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AMMOSOV 76 NC 40A, 237 

RE P P --PI - X 

PIN GEV 69 .000 

X -AXIS YRAP(P=3,RF = CM) 

Y-AXIS (1 ./PI)•D(SIG)/D(YRAP(P=3,RF=CM)) IN MB 

Pa.tc. l . H3o6pa>KeHHe, noJJy'leHHOe c noMOW.biO KOM3HJ1bl exec PPD #OOn 

6paHHbiX ,!J.JlSI rpa<f>H'lleCKOro OTOOpaX<eHHSI Ta6JJHU,) • .li.JlSI BH3YaJIH3aU,HH 

OTOOpaHHhiX Ta6JJHU, MOX<HO BOCOOJlb30BaTbCSI rpa<f>H'lleCKHM TepMHHaJIOM 

VAX Jtn6o nepeuecTH <f>anJthl PPDS.KUMAC u DAT OOl.RD 

DATOOn.RD Ha AHCKeTy u 3aTeM pa6oTaT& cPA W Ha nepcoHaJtbHOM KOMn&­

IOTepe (7 ). 8 OTBeT Ha npurJtaweHue PAW CJteAyeT ooeCTH KOMaHAy 

PAW> exec PPDS#OOn 

(n - OOpSI,!l.KOBhiH HOMep OOMe'lleHHOH Ta6JJHU,hl) AJISI OOJty'lleHHSI rpa<f>uqe­

CKOro H300paX<eHHSI B BH,!J.e, npe,!l.CTaBJJeHHOM Ha puc. }, .li.JISI OTOOpaX<eHH11 

Ta6JIHU,hl Ha BeCb 3KpaH (pHC.2) CJte,!J.yeT HCOOJlb30BaTb napaMeTp MaKpoKO­

MaH,!J.hl Zoom: 

PAW> exec PPDS#OOn Zoom 

J-1'3o6paX<eHHe Ha puc.} CO,!l.epX<HT BCe OO,!J.OHCH K Ta6JJHU,e, BKJ1IO'lla11 Ha-

3BaHHSI oceu. Ha puc.2 OO,!J.OHCH OTCyTCTBYIOT, TaK KaK B OOJibillHHCTBe CJty­

'laeB (HaOpHMep, npH HCOOJlb30BaHHH pHCYHKa B Ka'lleCTBe HJIJliOCTpaU,HH 

,!J.JlSI CTaTbH) OOJlb30BaTeJib Bp11,!l. JlH 6y,!J.eT YAOBJleTBOpeH HX Ka'leCTBOM. llo-
3TOMY eMy npeAJtaraeTCSI, ucnOJtb3YSI B03MOX<HOCTH PAW, Bhl6paT& 6oJiee 
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PHc.2. J-f3o6paJKeHHe, noJTy'leHuoe c noMOll.l,biO KOMaBAbl exec PPDS#OOn Zoom 

DO~XO~SIIU,He <f>oHThl, pa3Mephl WpH<j}TOB, a66peBHaTypb1 H T.n. H BHeCTH CO­

OTBeTCTBYJOW.He HJMeueunSJ B <t>anJI PPDS.KUMAC. 

4. 3aK JI JO'Ieuue 

OpeMar aeMhiH HHTep<j>eitc nOBhiWaeT 3$t>eKTHBHOCTb pa6oThl HCCJIC­

~oBaTeJISI c CHCTeMon PPDS, npe~ocTaBJISISI eMy B03MOX<HOCTb rpa<j>uqecKo­

ro OTOOpaX<eHHSI H BH3YaJibHOH OIJ.eHKH B HHTepaKTHBHOM peX<HMe pe3yJib­

·TaTOB 3KCnCpHMeHTaJibHhiX H3MepeHHH, COAepX<aUJ,HXCSJ B 6a3e AaHHbiX 

REACTIONS. 
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KpamKue coo6lJ¥'HuR OHJIH 6[57 j-92 

Y ,L\K 524.8 + 530. 145 
Jl NR Rapid Communications No.6[57 j-92 

<<KBAHTOBOE>> BPEMSI B KOCMOJIOfl111 <I>PH,LI.MAHA 

B.H. nepsywHH 

npe;l,.TiaraeTCII aJJbTepHaTHBHOe OnpeJ1eJJeHHe •lla6JJIOAaeMOI'O» BpeMeHH B 
KOCMOJJOrH I1 <J>pHAMaHa 11CXOJ111 113 yCJJOBI111 COXpaHeHHil «KBaiiTOBOH» :mep­
rHI1 BceneHHOH, KOTopall Bbi411CJJIIeTCil11poeKu.Hei1 nomrom Aei1cToH!I OTO 11a 
peweHH!I y paoHelmH CBIIJH . <J>H3114eCKHM CJieACTBHeM TaKOI'O OllpeAeJJelmll 
opeMeHH MOll<eT 6b1Tb nepHOJIH4eCKall CTPYKTypa BceneHHOH. 

Pa6on obmOJJHeHa o Jla6opaTopHH TeopeT11'recKoi1 <j>HJHKH OHSU1 . 

<<Quantum» Time in the Friedmann Cosmology 

V .N. Pervushin 

The alternative definition of the «observable» time in the Friedmann 

cosmology is supposed . This definition is based on the conservation law of the 
«quantum• energy of the Universe, which is determined by the projection of the 
total action of the Einstein theory onto the explicit solutions of the constraint 
equation. T he physical consequence of this definition of the time can be the pe­
riodic structure of the Universe. 

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

1. OnpeAe.nemte Ha6JIJOAaeMoro speMeHH SIBJISieTCSI OAHHM H3 u,eHT­

paJibHbiX MOMeHTOB KOCMOJIOrHH <f>pHAMaHa. B HaCTOSIUJ,eH 3aMeTKe Mbl XO­

TeJIH 6bl oopan tTb BHHMaHHe Ha B03MO)f(HOCTb ero aJI&TepHaTHBHOfO onpe­

AeJieHHSI - BBCAeHHSI Hosoro speMeHH «KBaHTosoro Ha6JIJOAaTeJISI». ByAeM 

HCXOAHTb H3 nocTpoeHHSI raMHJibTOHHaHa OTO Ha peweHJ-tSIX ypasHeHHH 

CBSI3H [ 1 I B npH6JIH)f(eHHH JaMKHYTOH BceJieHHOH <l>pHAMaHa. 

2. PaccMoTpHM TeopHIO 3itHwTeHHa s npH6JIH)f(eHHH H30TponHoro 3aM­

KHyToro npocTpaHCTBa. ,LI.eilcTBHe TeopHH c y4eToM noJIHbiX npoH3BOAHbiX 

HMeeT BHA 

W ~ V0(roJj! dt [ (#P- aF- f]) (. dP) 
P=dt' (l) 

[ 

2 ] 
3 1 p 0 1 

}{=a - 2~ +To - 2 2 2 
K3a 2K3a r0 

(Ki = ~
2

)' (2) 
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r11.ep eCTh JJorapu<t>MH'IecKaSI WKaJJa npocrpauCTsa (Jl = In a), P -ee Kauo­

HHlJeCKHH HMnyJJbC, V0(r0) = 2n2r~ - ()(TheM npocTpaucTsa n ocTOSIHHOH 

KPHBH3Hhl, T 0° - OJJ.HOpoJJ.HaSI 'laCTh nJJOTHOCTH 3nepruu MaTepuu, a -

WKaJJa BpeMeHH. 

KJJaCCH'ICCKaSI TeopHSI (I) onHChiBaeTcSI TpeMSI ypasueHHSIMH ua 

a,P,p: 
.2 

I . "-3p I · d 
}{ = 0 -II = - - - P = - -J< 

' a r- a3 ' a dp ' 
(3) 

HHBapHaTHbiMH OTHOCHTeJJbHO penapaMeTpH3aU.HH speMeHH ( -+ t'(t). Oep­

BOe H3 HHX - CBSI3b nepsoro poJJ.a, a TpeThe TO.lKJJ.eCTBeHHO nepBbiM JJ.ByM. 

1J.aHHble ypaBHeHHSI D03BOJJSIIOT OJJ.H03HalJHO OnpeJJ.eJJHTb HHBap HaT TeOpHH 

- co6CTseuuoe speMSI 

dpa
3 

_ a
3 

[ o I l dT F = a±dt =- -.2--, P(±) = + te 2T0 - 2"2"2 , 
~t:.3P(±) 3 K3a r 

(4) 

SIBJJSIJOUJ,eeCSI Ha6JJJ0]1.aeMbiM BpeMeHeM B KOCMOJJOrH.H <l>pHJJ.MaHa1 OTHOCH­

TeJJbHO KOTOporo ODHCbiBaeTCSI 3BOJJIOU.HSI WKaJJbl (. 

3. HMeJOTCSI JJ.Ba npoTHBODOJJO)f(HbiX nOJJ.XOAa K KBaHTOBaHHJO Teopuu 

(1): a) OOUJ,enpHHSITbiH (2 ), KOrJJ.a BCe KOMDOHeHTbl MeTpHKH a , a TpaKTy­

IOTCSI JJ.HHaMHlJCCKHMH DOJJSIMH H CBSI3H nepsoro poJJ.a HaJJar aJOTCSI , Ha 

BOJJHOBYIO <i>YHKU.HJO, B pe3yJJbTaTe lJero B03HHKaeT ypaBHCHHC Y HJJJlepa -

D.e BuTTa, }{\II = 0; H 6) MHHHMaJJbHbiH r I ), KOrJJ.a KBaHTYeTCR JlHWb ACH­

CTBHe (I), paccMaTpusaeMoe ua SIBHbiX peweuuSix CBSI3CH nepso ro poJJ.a 

Min JT (· P(±)) 5 W(±) = V0(r0) 
0 

dt pP(±)- 2 . ( ) 

C TOlJKH 3pCHHSI npHHU.HDa COOTBeTCTBHSI JJ.HHaMHKe KJJaCCH'ICCK OH TeOpHH, 

npeJJ.DO'ITHTeJJbHee BTOpoH MeTOJJ., rAe OCTaeTCSI rpaHH\fHaSI AHHa MHKa WKa­

Jlbl C HeTpHBHaJJbHOH BOJJHOBOH <i>YHKU.HeH 

\I'Min(a) = A(+)eiW(+)(a) + A(-)eiW<_>(a). (6) 

0TO.lKJJ.eCTBJJ11SI 3TY BOJJHOBYJO <l>YHKU.HJO co cneKTpaJJbHbiM peJJ.CTasJJe-

(7) 

nOJJy'lHM ew.e OAHO onpeJJ.eneuue speMeuu «KBaurosoro ua6JJJOAaTeJJSI». OT­

MeTHM, 'ITO MHHHMaJJbHbiH DOJJ.XOJJ. K KBaHTOBaHHIO MO)f(eT 6b1Tb HCDOJ1b30-
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,....., 

I 

BaH npH KBaHTOBaHHH MO~e.TIH pe.TISITHBHCTCKOH 4aCTHU.bl, KOTOpasr B03HH­

KaeT H3 (l) 3aMeHOH fl _. x0
, P(±) _. +YP;2 

+ m
2
. 8 3TOH MO~CJIH ypaBHC­

HHe <I>p~Maua (4) npe~cTaBJISieT co6oii npeo6pa3osauHe Jlopeuu.a npH ne­

pexo~e OT speMeHH noKosr T F K speMeHH ~BH)Kymerocsr ua6JitO~aTeJisr x0, 

KOTOpoe COBna~aeT C KBaHTOBbiM BpCMCHCM CneKTpallbHOf'O npe~CTaBJIC­
HHSI (7). 

4. CpaBHHM ~sa speMeHH T F H T Q ~JISJ BceJieuuoii, 3anOJIHCHHOH «H3-

JiylleHHCM» H <<nbiJibiO>> (3), 

0 1 [ t: R Mdl To (a)= y----( ) --4 + -3 . 
oro 2r

0
a a 

(8) 

Pernasr ypasueuusr (4) H (7), nollyllHM CJie~ytOmue Bblpa)KeHHSJ ~JISI Macw­

Ta6a au speMeH T Q' T F KaK napaMeTpoB oT Kou$>pMuoro speMeHH '7: 
" •. 2M2 2 •. 2M 
"'R "'3 d n [- - 2] - "'3 d 

EUniv = -2 + --2- = --2 t: + M ' M = --2-' 
ro 4n r 4~"" 2n 

0 u 3 

(9) 

T Q('l) = r0 ('l + _ M Sin '7); a('l) = _!_ (it- vM
2 

+}cos '7), (10) 
vM2 + e ro 

- -2 
T ~'7) = M1J + vM +£Sin '7· (II) 

ECJIH ~oMutmpyeT H3Jiytieuue, M = 0, To <<KBaHTosoe» speMsr T Q cosna~aeT 

C KOH$>pMHbiM (T Q = r01J) H MCHSICTCSI B 6eCKOHC4HbiX npe~eJiaX, TOr~a KaK 

T F = vi"Sin 1] MCHSieTCSI B KOHC'lHOM HHTepBaJie. ECJIH H3JJy4eHHe OTCYTCT­

syeT, TO speMeHa T F H T Q cosna~atOT c T04HOCTbiO ~o Ko3<f>qmu.euTa M I r 0, 

HMetOmero nopsr~oK 1 ~JJSI napaMeTpoB uaweii BceJieuuoii. 0biJib (9) uaxo­

~HTCSI B COCTOSIHHH nOKOSI, H npHHU.Hn COOTBCTCTBHSI, T.e. TpeOOBaHHe, llT0-

6bl KJiaC<;HllCCKOe BpCMSI COBna~aJJO C KBaHTOBbiM speMeHeM cneKT­

paJibHOf'O npe~cTasneuusr (7), (8), uanoMuuaeT yCJiosue nepeuopMHpoBKH 

~eKTHBHOro HbtOTOHOBCKoro caMo~eiicTBHSI Macchi BceJieuuoii: 

~t;3MJ!2n2r0 = Md, HJJH M = r0 (T.e.- npocTeiiwuii sapuauT ypasueuHsr 

liiBHHrepa - .LI.aiicoua). 

Bee 3TH pe3yJibTaTbl cnpase~JIHBbl KaK ~JJSI CJiyqasr nnocKoii BceJieuuoii, 

TaK u ~JISI npocrpaucTBa Jlo6a4eBCKOro. Mbl XOTHM ~ech no~qepKHYTb JIHWb 

o~uo oOCTOSITCJJbCTBO. ECJIH ua6JitO~aTeJJh BH~HT «KBaHTosoe» speMsr ( 1 0), 
TO pemeHHe BOnpoca 0 KpHTHllCCKOH nJIOTHOCTH CTaHOBHTCSI ewe OOJJeee He­

onpe~eJICHHbiM , OOCKOJibKY B ypaBHCHHC ~JISI KpHTH4CCKOH nJJOTHOCTH BXO-
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,nHT KJlaccH>~ecKaSI <<HeHa6mo.naeMaSI>> nocTOSIHHaSI Xa6611a, KOTopaSI MO)I(eT 
pe3KO OTJIH'IaTbCSI OT <<Ha6mo,naeMOH>>. 

B >~aCTHOCTH, H3 ypasHeHHH (I 0-z, (II) BH,nHo, >~TO _na)l(e B CJiy>~ae 6ec­
KOHe4HO MaJIOH nJIOTHOCTH H3JIY4CHHSI nO cpaBHeHHJO C nJIOT OCTbJO nbiJIH· 
i"' = 2/M2

, 2y <<I, OTHOWCHHC KJlaCCH4CCKOH (H F) H KBaHTO oit (H Q) no-

CTOSIHHhlx Xa6611a OCLJ,HJIJIHpyeT C nepHO,nOM, He 3aBHCSIIUHM OT y: 

H F _ ( I + cos '7) - y cos '7 
H Q- (I +cos '7) + y cos '7 . 

(12) 

C .npyroit CTOpoHbl, OTKPhiTaSI He,nasHo KpynHoMacwTa6HaSI CTPYKTypa 
BceJieHHOH, ,n1111 o6h11CHCHHS1 KOTopoft HcnOJlh3YJOT OCLJ,HJIJIHPYJOLQYJO no­
CTOSIHHYJO Xa6611a 14 J. MO)I(CT csH,neTeJlbCTBOBaTh, B KOHTeKcTe <<KBaHToso­
ro>> Onpc,neJICHHSI Ha6JIJO,naCMOro BpeMeHH, 0 TOM, 'ITO Mbl )I(HBCM B 3aMKHy­
TOH OCLJ,HJIJIHpyJOmeft Bcc11eHHOH. 

ABTop xoTeJI 61:>1 no611aro,napHTh A.B.E<J>peMosa, A.A. l13MCCThesa, 
3.A.Kypaesa 3a o6cy)l(,neHHSI H KPHTH'IeCKHe 3aMe'laHHSI. AsTop 6Jlaro.na­
peH j":si.A.CMopo,nHHCKOMY I Ja nocTOSIHHbiH HHTepec K pa6oTe. 
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THE REALIZATION OF NAMBU- JONA-LASINIO TYPE MODEL 
ON PHYSICAL FIELDS 

A.N.Vall•, V M.Leviant•, A.V.Sinitskaya• 

Method of dynamical mapping for the Heisenberg rields onto physical rields 
in the four fermion interaction Hamiltonian (nonrelativistic variant of NJL 
model) is used to calculate: energy of physical vacuum, one-particle excitation 
energy spectrum, wave function and mass of the bound state of two excitations. 

Pea;ni3aU,HSI Mo~e.nH HaM6y - tloua-Jla3HHHO 
Ha cPH3H4eCKHX OOJISIX 

A.H.BaJIJt, B.M.JlesHaHT, A.B.CHHHU,KaSI 

MeTO.IIOM .1111HaMH'leCKOI'O OTOOpa>KeHHII rei1Jeu6epro8CKI1X liOJJeH Ha <j>l1-
311'leCKI1e IIOJIII .IIJIII raMI1JibTOHI1aHa C 'leTblpex<j>epM110HHbiM BJaHMO.IIeHCTBH ­
eM Bbl'l i1CJ1ellbl : :meprn11 <j>H3H'leCKOI'O &aKyyMa, :lHepreTH'leCKI1H cneKTp O.II­
HO'laCTI1'1libiX BOWY>K.IIeHHH, BOJIIIOB311 <j>yHKLIHII H MaCCa CBIIJaHHOI'O COCTOII-
111111 .IIBYX B036y >K.IIelli1H. 

The investigation of the bound-state problem in the frame of quantum 
field theory may be done by using, at least, two methods. The first one is 
based on the search for self-consistene solutions of Schwinger - Dyson 
(SD) equation for the full propagator of interacting particles and Bete -
Solpiter (BS) equation for the vertex Green function (see ( l) and references 
there). Another one deals straightly with the state vectors (2,3 ]. 

The Nambu and Jona-Lasinio (NJL) model (4) fits from any points of 
view to study the possibility of producing the bound states. Though 
originally. it was solved by the Green function method, its resemblance to 
the superconductive type models allows one to use both the first and the 
second methods. 

In the present paper we consider the most simple nonrelativistic variant 
of NJL model , more closely related to the nonlinear Heisenberg theory (5), 
to demonstra te the advantages of the second approach. We find the repre­
sentation for the Heisenberg fields via <<physical>> fields ( dynamical 

•Department of Theoretical Physics, Irkutsk State University, Irkutsk, 664003, Russia 
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mapping 161> describing the collective degrees of freedom (excitations). 
These excitations can form bound states, and the momenta of the 
excitations turn out to be strictly correlated between each othe r. The exact 
expression for the wave function of the bound states is written out, but for 
the energy (mass) of the bound states we obtain nonlinear integral equation, 
the type of equation for the energy gap. The spectrum of the one-particle 
excitations and the energy of the ground states have been fou d as well. As 
a conclusion we show briefly the correspondence of these two methods. 

The physical states, by the definition, arc the states upon which a 
Hamiltonian is diagonal in a weak sense: 

(kiHik') =(kif d3qB+(q)B(q)E(q)lk') + W
0

, 

where B(k) I 0) = 0, I k) = B+ (k) I 0) and 

IH, B+(k) 110) = E(k)IO) 

and E(k)- energy spectrum of physical particles. 
Consider now the Hamiltonian of our model: 

! 3[+ ).+ ] H = d X V'a (x) c(V) V' a(x) + 4 X (x) x(x) , 

(1) 

(2) 

where a is spin index running over I ,2,c(V) is energy spectrum of free 
fermions, defined by the condition 

c(V) cikx = c(k) eikx, (3) 

and* 
( ( + +( + X x) = c RV' x)V·~(x), X (x) = c ~V'p x)V• (x). ap a 1, ap a 

Let us formulate the problems we want to solve demo strating the 
efficiency of the physical field representation. 
• i) Connection of the Heisenberg fields V' with physical ones <p, i.e., 

dynamical mapping v· on <f'· 
• ii) Stability of vacuum and its energy. 
• iii) Spectrum of one particle physical stak E(k). 
• iv) Spectru.m and wave function of two.particle state. 
• v) Correspondence with the usual approach. 

We will give the solutions of the outlined problems followi ng the list. 
i) In our case the dynamical mapping has the form: 

( ) A. ( ) ia(x) A.+ ( ) V'a X = UO'f'a X + v0e £a[ft'fJ X , 
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+( ) +( ) -ia(x) r.rh ( ) '1/Ja X = u0¢a X + v0e £ap'f3 X, (4) 

where u~ + v~ = 1, with¢ a(x) defined as 

¢ (x) = 1 I d3kg(k)eikx-iE(k)tA (k) 
a (2n)3/2 a ' 

(5) 

{Aa(k), Ap(Q)} = daf3<5(k- q), (6) 

E(k) is unknown yet excitation spectrum of A; (k). The physical meaning of 

g(k) is clear enough, it is one-particle wave function and it cannot be calcu­
lated in the frames of this model (free parameter). 
ii) The vacuum is now defined with respect to the physical fields A+ (k): a 

Aa(k) I 0) = 0. (7) 

Consider the action of the Hamiltonian (2) on this vacuum. We have: 

HIO) = const0 10) + AH(2)10). (8) 

AH(2) being expressed in terms of the creation operators A; (k) has the 

form 

I 3 + ( A ) ik X + AH(2) = u0v0eaf3 d x¢ a (x) e( ) + 
2

v. e 0 ¢p (x) = 

. =I d3kD(k)eapA; (~o- k) Ap (~o + k), (9) 

where 

( 
k0 ) _ ( k0 ) ( ( k0 ) __!__) D(k) = UOV~ k - 2 g k + 2 £ k - 2 + 2 y"' 

_1 = - 1-I d3klg(k)l 2. 
V' (2n)3 

Thus, as it follows from (8), the nonexcited state I 0) is not an eigenstate of 
the Hamilonian (2), and the AH(2) term is the source of the nonstationarity 
of I 0). This term describes correlated fermion couple of excitations, moving 
with the momentum k0 . The physical meaning of the relation (8) is that it 
points to the existence of energy exchange between the couple and the 
system of fermions. In order to account this exchange one has to input the 
term describing the couple into the initial Hamiltonian. So, in the relation 
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(8) we transfer !1H(2) to the left part, thus, redefining the Hamiltonian and 
taking as a physical Hamiltonian the quantity HP equal to 

HP = :H- !1H(2):, (10) 

where the normal ordering is referred to the Heisenberg fields. If 
!1H(2) = : !1H(2): +canst, then 

HPIO) = HIO)- !1H(2)10) + constiO), 

H PI 0) = w0 I 0), w0 = const0 +canst, (11) 

2 V ( (k
2
) A ) const0 = 2v0 v* e(k0) + 2m + 

2 
v* , 

const. ~ - 4":~ f d2 x c-;a(x),(V)e;a(x) - 4 ; u~v~ ( ~~ + 
2 
~) . (12) 

Here Vis space volume, and 

k2 - fd3
kk

2
1g(k)1

2 

( ) - f d3 k I g(k) I 2 (13) 

Consequently, after substitution of the counterterm !1H(2) into the Hamilto­
nian (2) the non-excited state I 0) becomes stationary, with the energy W0• 

iii) It is easy to see from (I) that this redefinition of the Hamiltonian 
does not change the one-particle excitation spectrum E(k), the value of 
which is readily derived using eqs. (I), (2), ( 4)- (6) 

E(k) ~ 18(k) I +~•(k)- v~'(k- koJ- A ~). (14) 

iv) Let us now find how the Hamiltonian HP acts on a state composed of 

two excitations with momenta k and q 

HPA;(k)Ap(q)IO) = (W0 + E(k) + E(q))A;(k)Ap(q) IO) + 

+A g(k)g(q) J d3xei(k+q)x¢+(x)¢+(x)O). (15) 
(2n)3 a p 

If the excitations do not interact with each other, the last term in the sum 
(15) should vanish. Then, this two-particle excitation will be an eigenstate 
of the Hamiltonian HP with the energy being equal to the sum of both exci-
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tation energies. That is the case for two excitations with a total spin I (sym­
metrical over a {J>. Putting k = - q in equation (15) we have: 

HPA(k)IO) = (W0 + E(k) + £(-k))A(k)IO) + 

+A lg(k)l2 f d3qlg(q)l2A+(q)lo), 
(2n)3 

A+(k) = £ap-4:(k)Ap(-k). 

Taking the wave packet A+: 

A+= f d3kG(k)EapA:(k)Ap(-k) 

and demanding for it to be an eigenstate of the Hamiltonian 

HPA+lO) = (W0 +.u)A+IO) 

(16) 

(17) 

(18) 

we come to the equation on the wave function G(k) and the energy of this 
state .u: 

f d3k [ G(k) (E(k) + E( -k)- .u) + y0 1g(k) 12] :4+(k) 1 0) = 0, 09) 

where 

A 
~o = (2n)3 f d

3
qlg(q) J

2
G(q). (20) 

Hence follows the only solution for G(k): 

y
0

1g(k)l2 
G(k) = .U _ E(k)- E( -k) . (21) 

Substitution of this solution into the relation (20) leads to the equation 

for.u: -_A_ 3 lg(k) 14 
I - (2n)3 f d k .U _ E(k) _ E(-k) . (22) 

Let us rewrite (22) in the form 
2 

I = - A.M f d3k ~ . 
(2n)3 k2 + ~2 

(23) 

This equation determines ~2 as a function of A. We will seek solution of (23) 
in the form of asymptotic series 
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(24) 

Using the series conversion fo~mulae we can derive 

(25) 

where e = 1/ A, b = a0 + k2
, c = c

1
, ect. Substituting the s ries expansion 

(25) into the equation (23), collecting the terms of the same power over A 
and equating them to zero, we will obtain the chain of relations defining the 
coefficients a0, a, c1, ect. Straightforward calculations give the following 

result: 

from which we receive the asymptotic series for o2 and 1-1: 

2 2M v*a o = -(k ) - v* A- M ·I+ ... , 

p ~ - ~ + 2£(0), 2E(O) ~ ( ;i + ~ l· (: -I) (271 

The magnitude of M is determined from the vacuum energy W0 

minimization condition over the rotation parameters u0, v0 a nd a(x). 

From the relations (26) and (27) it is easy to see that the non­
perturbative and singular with respect to the coupling constant A contribu­
tions into the energy are defined by the dispersion a over momentum distri­
bution I g(k) I 2 inside the excitation. 

In order to show the correspondence with the Green functions' method 
we will just write out the Shwinger- Dyson and Bete - Solpiter type equa­
tions. The word «type» means that we deal with the physical fields, and to 
pass to the standard SO and BS equations one has to substitute the Hei­
senberg fields instead of the physical ones using the inv rse dynamical 
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mapping. It is not necessary for our aim to do that, so we leave it for reader 
to do. 

The Green functions for the physical fields¢ are, by the definition, the 
vacuum expectation values of the T products of them. For the total two point 
Green function we have: 

G:;(x, t;O) = (01 T(¢a(x) ¢;(0)) 10), (28) 

here we have put the second argument to zero. Its manifest form can be 
calculated directly, using (5), from which. it is easy to find the equation: 

(
a . ) P •0 .s (4) at+ tE(V) GafJ(x, t, ) = uafJ!!.. (x, t). (29) 

The equation for the vertex Green function follows from the Heisenberg 
equation on¢ a(x) using eq. (29): 

E(V)G:;(x,t;O) = (01 T( [¢a(x,t),H], ¢;(0) 10)). (30) 

As has been said above, the usual SD and BS equations follow from (29) and 
(30) under the transition¢-+ 1/J. 

For the conclusion we would like to point to that the physical fields rep­
resentation method can be generalized for the relativistic case, and next 
paper will be devoted to this generalization. 

Aknowledgements. The authors are grateful to Profs. D.V.Shirkov, 
V.N.Pervushin and Yu.L.Kalinovsky for the crucial comments, useful 
discussions and support. . 
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ON EMBEDDING OF INTEGRABLE EQUATIONS IN (1 + 1) 
AND (2 + l) DIMENSIONS INTO THE GENERALIZED SELF-DUAL 
YANG - MILLS EQUATIONS 

A.D.Popov 

The generalization of the self-dual Yang- Mills (SDYM) equations n the 
spaces of arbitrary even dimension is considered. It is shown that all integrable~ 
equations in (I + I) dimensions and many integrable equations in (2 + I ) di­
mensions may be obtained by the reduction of the generalized SDYM equa tions. 

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

0 8JIO)I(eHHH HHTerpHpyCMbiX ypa8HeHHH 8 (1 + 1) 

H (2 + J) H3MepeHHSIX 8 o6o6~eHHble ypa8HeHHSl 
a8TOAyaJihHOCTH MO.llCJIH 51.Hra - MHJIJica 

A.D..nono8 

l'accMorpeuo o6o6u1emte ypat~ueuH.-, aiiTOJIYaJJhHOCTH MOt~eJJH Slw <t -
MHJIJICa Ha npocrpaHCTIIa npoHJDOJibiiOH •leTIIOH pa3MepHOCTH. noKa3aHO, 'ITO 
DCC HIHCrp~1pyCMbiC ypa1111e11H!I tJ (I + I) HlMCpciiH!IX H MHOrHe HIITCq)ltpye­
Mble ypamleHHII tJ (2 + I) ~tlMCpcHHIIX MOryr 6h1Tb noJJy•ICHbl pc,!lyKU.HeH o6o6-
li\CHHbiX ypauucuHii asro.n.yaJJbiiOCTH MOt~eJm Slura - MHJIJica . 

Pa6ora HbiiiOJJHeua u Jla6oparopHH reoperw1CCKOH <j>HJHKH OHSIH. 

1. It is known, that many integrable equations in (1 +I) dimensions may 
be embedded into the SDYM equations in d = 4 dimensions (see , e.g., (1-
7 )). This is connected with the fact that SDYM equations may b written as 
a compatibility condition of two linear equations with the spectral parameter 
.l. E C (8 1. Imposing symmetries and algebraic constraints to the fields 
involved permits one to reduce SDYM equations to the Korteweg - de Vries 
(KdV) equations, generalized nonlinear Schrodinger <NLS) equations, 
Boussinesq and many others having a zero curvature representat ion 

Here matrices U and V are polynomials of;, of degree not higher than a se­

cond, or functions of;, ! 
1 

(chiral models, for example). Clearly , the deri-
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vative NLS equations, the Landau - Lifshitz equations and many others, 
having another type of dependence on spectral parameter, can't be embed­
ded into the d = 4 SDYM equations. The hierarchies generated by the equa­
tions considered in (2,6 I (KdV, NLS, AKNS, DNLS and other hierarchies) 
also are not embedded into them. That is why the SDYM equations in 
d = 4 can' t play the role of the universal integrable system. 

2. To solve these problems, it was suggested to consider the generalized 
SDYM equations ford> 4. Such equations were considered by Salamon 19 ], 
Ward I lO I, Galperin, Ivanov, Ogievetsky and Sokatchev I 11] and by many 
others. The main progress was made by considering the self-duality equa­
tions in d = 4n, in which the hierarchies of KdV, NLS, DNLS, AKNS and of 
other equations may be embedded 12,6). 

It is interesting to note that the geometric definition of self-duality in 

terms of linear systems and complex structure on R 411 (see I 9-11 )) are 
equivalent to the algebraic definition of self-duality (see, e.g., I 12-15 )) . It 
was pointed by Strachan 16), how one may embed a number of hierarchies 
in (2 + I) dimensions into these equations. But in all these approaches one 
obtains only the rational dependence on the spectral parameter A. .• and it is 
not clear how to include into consideration the models with the spectral 
parameter A. that beiongs to the surfaces of genus g ~ 1. That is why such 
important equation as Landau - Lifshitz equation I 16 I is out of conside­
ration. 

We shall show a way to overcome this difficulty. 
3. Method of solving of SDYM equations in d = 4 is connected with the 

ideas of \he twistor tlieory I 17 ). The SDYM equations in d = 4k are con­
nected with the twistor theory for 4k-dimensional hyper-Kahler manifolds 
19-11,18 ]. Further generalization of the twistor theory (and of the self­
duality equations) was considered in I 19 ]. 

So for any Riemannian even-dimensional manifold M 211 we may 

consider a bundle j (M 2'1) of the Riemannian almost complex structure with 
fibers F = S0(2n)/ U(n). The idea of the papers I 19] is that we may choose 

as a twistor manifold a submanifold Z in j (M 211
) with fibres· 

B c S0(2n)/ U(n). In these papers the case of B = G/ Hand, in particular, 

of B = CP 1 = Sp(1)/U(1) is considered as an example. But as B we may 
also choose the Riemannian surfaces of genus g ~ 1, and, in particular, the 
elliptic curves. They are embedded into the fibres S0(2n)/ U(n) with n ~ 3 
over the 2n-dimensional Riemannian manifold. We may use this fact. 

Let us consider the flat case of R 2'1 and j(R 211
) 5!! R 211 x F. We have a 

bundle j(R 2'
1
) ... F, where F = S0(2n)/ U(n). This is a canonical universal 
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complex bundle, geometry of which is well known (see, e.g., [20 )). The 

fibre C / over a point J E F is identified with the complex vector space 

(R 2
'', J) of dimension n. Let us consider for simplicity one coordinate patch 

on F. Coordinates on it we may identify with the antisymmetric n x n mat-

rices J = (J ba), a, b, ... = l, ... n. These matrices parametrise a complex 

structure on the fibres of the bundlej(R 211 ) .,.. F over the point J, and define 

the antiholomorphic vector fields a/ az. a(J) on R 211 and i1
1
-operator: 

i1 =aza(J)-a-, _a_=_a_+ 1 b_a_ <I> 
J az. a(J) az. a(J) az. a a az b , 

where za = x0 + i/, (xa, /)are coordinates in R 211
, and z0 are coordinates 

on C~1• Clearly, i1} = 0. 

Consider the trivial Hermitian vector bundle E over the Euclidean space 

R 211 , associated with the principal G-bundle over R 211 , with connection 
which components are identified with the Yang - Mills (YM) potentials 
A1, .. . , A 211 • We shall denote by 1fJ the sections of tire bundle E, which is the 

pull-back of the bundle E over R 211 to the manifold j(R 211
). They are 

functions 1fJ(x, J) on j(R 2") depending on x E R 211 , J E F and taking values 

in the space of complex representation (e.g., C N) of the algebra ~ . 

Connection on a complex bundle E can be used to lift the operators a, 
from R 2" to j(R 211

). We can introduce the structure of the holomorphic 

vector bundle in E: identifying the operator a on E: ca 2 = O) with the <O, 1 >­
component 15 of the connection on j(R 2"). In coordinate, a s ction 1p of the 
bundle E is holomorphic if 

(d +Jbab+B +JbB '1f'(x,J) =0, a a a a b' 
(2) 

a 
_ b 1p(x, J) = 0, 

aJa 
(3) 

where B1 = 2- 112(A 1 - iA2), ... , B
11 

= 2- 112(A 211 _ 1 - iA 211) , J: is a comp­

lex conjugation for J:. Condition (3) is equivalent to the choice of complex 

coordinates on the manifold F and Eqs. (3) may be trivially satisfied for 1fJ 

depending on J: and not depending on J :. The linear equations (2), 
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~· 

defining the holomorphic structure in the bundle E, put some restrictions on 
the gauge fie lds B . 

a 

The compatibility condition of Eqs. (2) has a form: 

F- -r: + J c F -r - Jbc F - + J c Jbd F d = 0, au a cu ca a c 
(4) 

where 
F b = a Bb- abs + IB , Bb l, F T = a B-r:- aliB + IB , B-r: J, a a a a cu c u c c u 

Fali = (Fab)' Feb= (Fco>· 

By definition, Eqs. (4) are the generalized self-duality equations for the 

gauge fields in R 211
• 

Now everything reduces to the choice of independent components J ;. 

By different choices of J b we shall obtain different linear systems, different 
a 

self-duality equations and the em beddings of different integrable equations 
into the generalized self-duality equations (4). 

Let us choose, for example, n = 2k and d = 2n = 4k. Replace a, b, ... by 
(p.i), (vJ), . . . , where ,u, v, .. . = I, 2; i, j, ... = I, .. . k. Put 

J ( l'J) = ). 1' l)i, 
(pi) c, i , (5) 

where c~ =· - c~ = 1,). E CP 1• Then Eqs. (2) are reduced to the equations 

('d +).a +C.+ ).D .)1f = 0, (d -).a +D. - ).C.)1f = 0, <6> 
x; Y; 1 1 yi xi 1 1 

where ax =a li' aY. = a2i, Ci = Bli' Di = B2i, i = I, ... , k. Let 
I I 

a 1/' = -'d 1/J, a 1/' = 'd 1/J, 
Yi xi+l xi Yi+l 

(7) 

and a 1/-' =D. = C. = 0 when I ~I< i ~ k. Then linear system (6) is redu-
Yi I I 

ccd to the sys tems, considered in [2,6[. 

Now let 
J(vJ) = 61'/ j. 

(f.ll) ll I 
(8) 

2_ I_ 2 3_ I_ 3 k_ I_ k j where/ 1 --/2 -n, J 1 - -J3 -n, ... , J 1 - -Jk -n, and otherJi 

equal zero. Then we have 
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(9) 

where A = 2, ... , k. Let iJ111 tf' = 7J
1
,2!f• = ... = 7J

1
,ktf' = 0, B111 = B

1
, 2 = ... = 

= B •. = 0. Then Eqs.(9) arc reduced to the equations, introduced by Ward 
Ill\ 

)10): 
A - A 

(iJI + n ()lA + 8 11 + n BIA)'/J = O 
A - A 

(ax+ n a2A + 8 21 + n B2A)'/! = o 
(10) 

where a
1 

=: 7J 11 , ax=: rJ21 . 

Finally, in (10) let nA = fA(A.), where fA are functions fA E C. It 
means that we consider one-dimensional complex submanifold B in the base 

F of the bundle j(R 211)-+ F and the restriction Z = j(R 211
) I 

8 
of this bundle 

on B. Then Eqs. (10) will define the holomorphic stracture in the bundle E 
over the twistor manifold Z. 

We may embed the equations of any integrable model in (I + I) dimen-

sions ~n Eqs. (10) if we put a
11

A!f' = 0, choose the functions !A(A. ), matrices 

B A' B A and a number k (d = 4k). For example, the Landau - Lifshitz 
I' I' · 

equations may be obtained as a particular case of Eqs. (I 0) when k = 7. 
If WC take ay =:ali<' a2A'/J = 0, alitf' = 0 when i ~ k, iJ}''/J ~ 0 and choose 

nA =A.A-I, then Eqs.(l0) coincide with the equations of the integrable 
models in (2 +I) dimensions, introduced in )6). It is not clear now whether 
all the integrable equations in (2 + I) dimensions may be embedded into 
Eqs.(l0) or not. Apparently, this may be done if one will use the infinite 
dimensional Lie algebras (sec, e.g., )5,21 )) . In any case, a ll integrable 
equations in (2 + I) dimensions and many integrable equations in (2 + I) 
dimensions can be obtained upon appropriate reduction of the generalized 
SDYM equations (4). 
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ELASTIC SCATTERING OF A SECONDARY 11Li BEAM 
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The elastic scattering of a secondary 11 Li beam (29 MeV /n) on a 28Si target 
has been measured for the first time. To compensate for the low intensity of the 
secondary beam, an efficient detecting system permitting to obtain reliable expe­
rimental data has been used. An attempt has been made to reproduce the data in 
a phenomenological analysis and with coupled-channel calculations with a 
double folding optical potentials, with energy and density dependent effective 
interaction and realistic densities. An unusually large value of the surface dif­
fuseness parameter for the real part is required in the phe!Wmenological optical 
potential for description of the experimental data. In coupled-channel calcula­
tions with the folding optical poten.tial a better description is achieve if a neut­
ron halo of 11 Ll is taken into account. 

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

Y I!Li npyroe paccesiHue BTOPHlfHOro nylJKa 
npu 29 M3B/HyKJIOH Ha KpeMHHH-28 

<l>.A.rapeeu HAP· 

Bnepable H3MepeHO ynpyroe pacCeiiHHe BTOpH'IHOI"O nytJKa II Li 
(29 M38/HyKJ10H) Ha MHWeHH 113 28Si. ,ll,J111 KOMneHCaU.HH HH3KOH 3Q>4>eKTHB­
HOCTH BTOpH'IHOI"O nytJKa HCIIOJ1b3088JlaCb 34xJ>eKTHBHall JleTeKTHPYIOII.\al! CH­
CTeMa, 1103BOJ111BWall IIOJlY'IHTb JIOCTOBepHble 3KCnepHMeHT8JlbHbie JlaHHble. 
CJIMaHa nonbiTKa uocnpoH3BeCTH JlaHHble c <l>eHoMeHOJlOrH'leCKHM onTH'Ie­
CKHM IIOTeHU.H8JlOM H C HCIIOJ1b30BaHHeM IIOTeHU.H8Jla JIBOHHOH CBepTKH C yqe­
TOM CBII38HHbiX KaH8J10B C 3HepreTH'leCKOH H IIJlOTHOCTHOH 38BHCHMOCTIIMH 
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34><J>eKTH 8HOI'O B33HMO)ICHCT8HSI H pea.nHCTH'ICCKHMH nJlOTHOCTIIMH. )lJlll OnH­

CaHHSI 3 KCnepHMCHTaJibHbiX ,llaHHbiX <f>eHOMCHOJlOrH'ICCKH Tpe6yeTCII BUO,!IHTb 

HCOOhi'IHO 60Jlhwoe 3Ha•leHHe napaMeTpa no8epxuocnl0ii AH<Jxi>Y3HOCTH pc­

aJlhHOii ••acTH noTe••u.Ha.na . B pac'leTax c HCilOJlbJouaHHeM C8!13amlbiX Kalla­

Jl08 C n OTCilU.HaJlOM )180HHOH C8CpTKH JlY'IWCC COrJlaCHC /IOCTHraCTCII, CCJIH 

6paTh 8 y 'leT BeiiTpolllloe raJJo 8 
11 Li. 

Pa6oTa 8blll0JlHCHa 8 Jla6opaTOpHH IIIICPilbiX peaKU.HH OH~H H rAHHJI. 

1. Introd uction 

In recent experiments at GANIL ( 1 ), the existing 11 Li interaction cross 
section data 12,21,23) have been complemented by a measurement of the 
Coulomb dissociation cross section and the neutron angular distribution at 
an energy of 30 MeV ln. These new data together with measurements of 
transverse and parallel momentum of 9Li produced in 11 Li induced reactions 
(3,4] have provided further support for the neutron halo hypothesis. Never­
theless, although they give information about the extent of the neutron clo­
ud and the degree of correlation between the two extra-core neutrons, these 
experiments are unable to provide detailed information about the proton 
and neutron distributions in 11 Li. Such information can, in principle, be ob­
tained from measurements of the elastic-scattering angular distributions. In 
this way, it should be possible to test various theoretical descriptions of 11 Li. 
The aim of the present experiment was to advance the idea of a «non­
destructive>> study of 11 Li, by measuring its elastic scattering from a 28Si tar­
get and to compare it to the elastic scattering of the stable nucleus 7Li. 

In the similar measu'rements performed recently at RIKEN for the 9Li 
and 11 Li nuclei on protons 129) the elastic cross sectiori for the 11 Li was 
found about factor of two smaller than for the 9Li case. However, results of 
another experiment performed recently at NSCL MSU for the system 
11 Li + 12C ( 30 ] have shown a strong enhancement of the ratio of a I a R for 
11 Lias compared with the system 11 C + 12C. The later observation indicates 
an enhanced far-side dominance in the angular distribution of the 11 Li scat­
tering predicted by Satchler et al. (24 ). In the analysis of both the expe­
riments considerable changes in optical potential parameters were neces­
sary to reproduce the 11 Li data. In the present work the use of a heavier 
target should, in principle, enhance the influence of inelastic processes such 
as break-up and Coulomb excitation of the projectile on the elastic channel. 

2. Exper imental Method 

Secondary beams of 29 MeV In ll Li (150 pps) and 25.4 MeV In 7 Li 
(1000 pps) were produced at GANIL in the reaction of a 76 MeV In 180 pri-
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Colllm~~tor 

Fig. I . Experimental set-up; sec text for delails 

El-E7 
BGO - c:rystals 

mary beam bombarding a 360 mg/cm2 Be+ 2900 mg/cm2 C production tar­
gel. The outgoing fragments were separated by means of the LISE3 spec­
trometer [51 and identified by their energy loss and time of flight The 
purity of each of the secondary beams was better than 98%. The energy 
width of the secondary beam was defined by the momentum acceptance of 
the LISE spectrometer which was set to 2.3% in the case of 7 Li and to 9.4% 
in the case of 11 Li. The angular dispersion of the secondar beams was 
smaller than o.s·. 

A schematic view of the set-up used in the present experiment is shown 
in figure l. 

To compensate for the low intensity of the secondary beams we choose 
a detection system with a very high efficiency of registration of scattered 
particles. At the same time a big angular and energy spread oft e secondary 
beams implied measurements of angle and position on a ta rget for each 
incoming particle. 

The trajectory of each particle was reconstructed by means of two 
position-sinsitive X- Y silicon detectors (~£1, ~£2) , with thickness of 
71 mg/ cm2 and 104 mg/ cm2

, respectively, placed at the final focal point of 
the spectrometer. The ~£2 detector was simultaneously used as an active 
secondary target The position resolution of each of detectors was l mm. 
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The incident angle of the particles on the secondary target was measured 
with the accuracy better than O.S0

, The collimator, 13 mm of diameter 
placed in front of the target, was used to limit the size of the beam spot. Two 
circular silicon detectors, one with 16 concentric strips (~£3) and other with 
8 radial sectors (~£4) were used to determine the position and energy loss 
of scattered particles. The detectors had a 69 mm of outside diameter and a 
central hole 22 mm of diameter. The distance between the secondary target 
and the circular detectors was adjusted to cover center-of-mass diffusion 
angles between so and 17° for 7U and between so and 22° for 11 Li. A matrix 
of seven BGO crystals [ 6) (£1-£7), used to determine the residual energy 
of each particle complemented the experimental set-up. 

The overall relative energy spread of diffused particles including the 
energy width of the secondary beam, the intrinsic resolution of the detectors 
and the energy straggling was about 7% for 7U and 20% for 11 U ions. 

The geometrical efficiency of the system was calculated on the event by 
event basis taking into account the trajectory of the incident particle and the 
geometry of the strip detectors. The systematic uncertainties in the mea:. 
sured differential cross section introduced by this procedure are smaller 
than 10%. 

3. Res ults 

. . 
Angular distributions of elastic scattering of 7 Li and 11 U measured in 

this experiment are shown in figures 2-7. The error bars indicated for the 
experimental data correspond to the statistical errors. 

The use of the thick target, the angular resolution of ~8 ::::: l.S 0 and the 
lack of separation between elastic and inelastic scattering resulted in a 
flattening of the diffractional structure of the spectra. 

The measured distributions for 7U are in the qualitative agreement 
with measurements at lower projectile energies [26). It has a shape typical 
for scattering of stable nuclei in the Frauenhofer diffraction region - the 
ratio a/aRuth. oscillates and decreases with increasing scattering angle. For 

the case of 11 Li the behaviour of experimental data is rather unusual, the 
ratio a/aRuth. is almost constant in the measured range of angles. The 

a I a Ruth. lies for 11 U higher than the one observed in an analogous distri­

bution for the elastic scattering of 6Li (27) and 9Be [28 ) on 28Si at approxi­
mately the same energy of relative motion. 
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4. Optical Model Analysis 

4.1. Phenomenological Optical Potential 

The analysis of the elastic scattering was carried out in the framework 
of the conventional optical model by using the standard Wood-Saxon form: 

U(r) = V Coul(r) - Vf v(r) - iWf w(r), 

where f v(r)=(l + exp((r -Ry)lavl)- 1
, fw(r)=(l + exp[(r - Rw)l aw])- 1

, 

Rv = r vA} 13, Rw = r wA} 13 and V Coul(r) is the Coulomb potential of the 

uniformly charged sphere. The potential parameters V, W, r V' r W' a v and 

aw were fitted to the experimental data using the standard x 2~ethod. 

1 o· 1 
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\ 
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I I 

I I 
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7 Li(25.4 MeV /n)+2 8S i 

I Hp. ·J 
-- - ela1tir 

-- --- · inelastic 

-- elasl.+inelas. 

Cook 

· ........... . 
······ ... 

······· ... 

l _.t_ L .J..J 

3 0 ,, 

Fig.2. Comparison of the experimental data with theoretical calculations 
for elastic scattering of 7Li+28Si at energy £ 7 = 177.8 MeV; long-

u 
dashed line- elastic scattering with optical potential «A• from table I; 
short-dashed - inelastic cross section; solid - sum of elastic and ine­
lastic cross sections; dotted- elastic cross section with potential from 126) 
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The theoretical cross sections have been averaged over the angular 
resolution before comparison to the experimental cross sections. 

As the inelastic events have not been resolved by our detection system, 
we have estimated the inelastic cross section for the excitation of the 2+, 
1.78 MeV state in 28Si and added it incoherently to the elastic one. The esti­
mation of the inelastic cross section was made in the framework of the 
DWBA. The inelastic form factor was chosen as a derivative of the optical 
potential: 

F(r) = {3 R dV(r) + if3 R dW(r) 
2 V dr 2 w dr 

with{32 Rv = {32 Rw = 1.21 fm (27 ). 

In figure 2 the results of the calculations are compared to the experi­
mental data on the elastic scattering of 7Li. In the calculations the geometric 
parameters of the optical potential were taken from the global parametri­
zation (26 ), and the potential depths V and W were adjusted to reproduce 
the data (see table l). Theoretical calculations of the elastic scattering are 
shown by the long dashed line; inelastic one, by the short dashed line; and 
their sum, by the solid line. For comparison the elastic cross section calcu­
lated with parameters from (26) is also shown by the dotted line. From the 
calculations it follows that the contribution from inelastic processes may be 
important at the end of the measured angular range and theoretical calcula­
tions can describe the experimental data with <<standard>> optical potentials. 

Ta~le I. Parameter;s of the optical potentials for the system 7Li + 28Si 

- v 'v Ov -w 'w Ow <?v>l/2 (?w)l/2 aR x21N 
MeV fm fm MeV fm fm fm fm b 

A 226.8 1.286 0.853 37.26 1.739 0.809 4.38 5.08 1820. 7.0 

from 1261 114.2 1.286 0.853 29.75 1.739 0.809 4.38 5.08 1700. 10.4 

Table 2. Parameters of the optical potentials for the system 11 Li + 28Si 

-v 'v ov -w 'w Ow <?v>l/2 (r~)l/2 aR x21N 
MeV fm fm MeV fm fm fm fm b 

204.48 0 .585 1.737 8.23 2.18 0.425 6.604 5.36 1445.2 1.84 

In the case of 11 Li the situation is different. The calculations based on 
the usual nuclear potentials cannot give a reasonable description of the 
experimental data. As an example, on figure 3 the elastic cross section of 
11 Li (dotted line) calculated with the optical potential from global paramet-
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rization 1261 is shown. It is very difficult to give more definite limits for 
changing the optical potential paramteters based only on the experimental 
data within a relatively narrow angular range. Therefore, onl one example 
of possible potentials is given in table 2 and the calculated elastic cross sec­
tion is shown by the long-dashed line in figure 3. The contribut ion from ine­
lastic scattering, calculated analogously to the 7Li case, is hown by the 
short-dashed line; and total cross section, by the solid line. T he root mean 
square (rms) radius of the real potential is in our case about 6 fm, and in the 
strong absorption region the potential has a refractive character. The relati­
vely large value of surface diffuseness of the real part obtained for this po­
tential can reflect the extended density distribution of 11 Li. Further impor­
tant information about the scattering nature may be obtained fro'm a near­
side and a far-side decomposition of the clastic cross sect ion 1311. The 

• exp. 

- -- elastic 
· ........ . \ 

\ ' 

---- - · inelastic 

-- elast.+ine!Js. 

Cook 

Fig.3. Comparison of the experimental data with theoretical calculations 
for elastic scattering of 11 Li+28Si at energy £ 11 = 319 MeV. Long-

u 
dashed line - clastic scattering with optical potential from table 2; 
short-dashed - inelastic cross section ; solid -sum or clastic and ine­
lastic cross sections; dotted- clastic cross section with potential from (261 
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decomposition for 11 U elastic scattering is shown in Fig.4 where the long­
dashed and short-dashed lines give the near-side and far-side contributi­
ons, respectively. The crossover point of the near-side and far-side compo­
nents is close to 8 - 2" and the region of diffraction oscillations occupies the 
angle range up to- 8". At larger angles the far-side component dominates in 
the elastic cross section. In the case of 7U scattering the crossover point is 
near 8" and the region of difraction oscillation spreads up to nearly 20" . The­
reby, the smoothness of a I a R in the 11 U case at angles larger than 8 ~ I o· 
may be connected with a more strong manifestation of nuclear refractive 
properties in halo nuclei. The elastic cross section for the potential given in 
table 2 shows the picture of the rainbow scattering (32 ). Of course, it does 
not mean that the rainbow scattering is revealed in 11 U scattering. The 
appearance of this effect will depend on transparency of nuclear potentials. 
To give more definite answers, it is necessary to have the experimental data 
for 11 U scattering in a wider angle interval covered by the exponential fall­
off of the elastic cross sections and diffraction oscillations at small angles. 
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The contribution of soft modes in 11 Li [33 I to the elastic cross section is also 
possible and requires further investigations. 

4.2. Double Folding Potential 

Simplified coupled channel <CC) calculations were done using the code 
ECIS [7 1. The 28Si was treated as a rigid rotor and couplings involving both 
excitation and de-excitation between ground state (0+) and first excited 
state (2+) were used. The B(El t) value was taken from the compilation 181 
and a deformation length of <5 = l.l S fm was used, which gave satisfactory 
results in a similar CC calculation for 6Li + 28Si at 210 MeV 19 1. 

The bare CC optical potential (the real part) was calculated in the semi­
microscopic double folding model I l 0 I using the density and nergy depen­
dent effective interaction (DDM3Y) from I II, 121. The geometry of the ima­
ginary part of the optical potential was taken to be the same as fo r the real part: 

Vopt(r) = (Nv + iNw)VDDM3Y(r). 

No attempt has been done to fit the normalization constants N v' N w but 

rather they have been fixed by some physical requirements r by analogy 
with similar systems. The antisymmetrization effects and the density de­
pendence of the effective interaction in the calculation of the folding poten­
tial were treated similarly as in reference [ 12 [. The necessary nuclear den­
sities were constructed by standard Hartree-Fock (H.F.) calculation using 
Skyrme II <Skll) parametrization of the effective interaction I 131. Spherical 
symmetry and occupation numbers determined by single par ticle energies 
were assumed. The nuclear matter rms radii of the resulted densities (r

111
) 

and the rms radii of the corresponding DDM3Y potentials (r v) are given in 

table 3. Also the corresponding values for the «halo>> density of Bertsch et at. 
I 141 are indicated. The rms radii of the halo density of Bertsch et at. agree 
with the effective rms matter radius of 3.12 ± 0.16 fm extracted by Tanihata 
et at. I IS I from the measured interaction cross section at high energy. 
Therefore it is interesting to check this density in the elast ic scattering of 
11 L. l 1 at ower energy. 

As a test ground for our calculations, the 6Li elastic scatt ring on 28Si at 
IS4 MeV I 16 I was taken. Studies I 17-19 I on elastic scattering of light Li 
isotopes in a wide range of energy and targets resulted in a strong renor­
malization (up to SO%) of the effective M3Y interaction in order to explain 
the data. It was suggested by Sakuragi I 191 that this reduction could be 
explained by projectile break-up effects. The dynamical polarization poten­
tial (DPP) induced by projectile break-up process has a repulsive surface 
contribution to the real optical potential with a strength of about 40% of the 
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Table 3. The matter density rms radii for Li isotopes and 28Si calculated 
with the Hartree-Fock method and the Skyrme II potential (?,.)112 and the rms radii 

of the corresponding DDM3Y folding potentials (r~Y 12 

6Li 7Li ••u 28Si 

(r;yn (fm) 2.24"' 2.31"' 2.68"' 3.1a) 
2.99b) 

(?y)112 (fm) 4.034"' 4.083"' 4.321"' 
4.579b) 

a) calculated with the standard Hartrcc-Fock method and the Skyrme II potential (13]. 
b) calculated with the halo density of Bertsch et al.)l4]. 

Table 4. Effective square radius 'i and total reaction cross sections a R for Li isotpcs on 28 Si 

6Li 7Li 8Li 9Li llu 

F. (MeV/n) 25.7 25.4 25.4 29 29 

~ (fm2) 1.290"' 1.285"' 1.290"' 1.246"' 1.305"' 

aR (mb) 1577b) 1672b) 1768b) 1771b) 2001b) 

aR lmb) 1521c) 1583c) 2064C) 
1402d) 

aR 1mb) 2947±386c) 

"'from Saint-Laurent et at. 121], 
b>values ·calculated for the reactions "Li+28Si with the formula of Kox et at. (25) and 

parameters from (21], 
c) calculated with DDM3Y and N v = N w = 1.0, 

d) calculated with DDM3Y and N v = 0.60, N w = 0.18, 

e) experimental value of Villari et at. (23) at 25.5 MeV /n. 

folding potential and a negligible imaginary part, with the effect of decre­
asing the. far-side tail component of the scattering amplitude at large angles. 
Similar reduction has been found recently in a secondary 7Be beam scat­
tering on 12C at 140 MeV by Yamagata [20 ). However, there is no need for 
such a reduction in the calculations that we performed using DDM3Y effec­
tive interaction. The results obtained for 6IJ with the normalization N v = 
= 1.0, N w = 0.9 (figure 5) show a reasonable agreement with the data. 

In a next step, the same procedure was applied for 7Li data measured in 
the present experiment. As can be seen in figure 5 the incoherent addtion of 
elastic and inelastic scattering results in a rather flat diffractional pattern. 
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The calculated reaction cross sections for 6•
7Li are in good agreement with 

the estimated values based on the semiempirical formula of Kox et al. (25 1 
with the parameters from Saint-Laurent et at (21 I (see table 4) . 

In the same spirit , calculations were performed for 11 Li elastic scat­
tering data. In contrast to the 7 Li case, the experimental 11 Li cross section 
lies above and decreases slower than the corresponding CC pr diction if the 
CC bare optical potential is calculated with the normalizati n N v = 1.0, 

N w = 1.0 (figure 6) . The H.F.-Skll density for 211Si and the density of 

Bertsch et at ( 14 I (solid line) and H.F.-Skll (dashed line) for 11 Li were 
used. While the calculated clastic cross section is rather inse sitive to the 
value of the deformation of the potential over the range of xperimental 
data, the inelastic one depends strongly on this parameter. For example, the 
ratio (a 1 +a. )Ia 1 doubles at large angles (> 15•) when the deformation 

e m e 

length is chaged from 1.15 to 1.48 fm . However, in order to bring the calcu-

[ 1p. data Scb• andt rt al. 

1 Elp.- data PJfltDt • ork 

· ··· ·· CC DD\1Jl' \ vd .O ~, ,o. o 

.c 
0.1 

1 

0.1 

................. _......__._.__.__.._~.l. • . . I • • I I I . L.J-.L..J 

Fig.S. Angular distributions and CC calculation of elastic scatteri ng of 
light Li isotopes; the bare CC potential is calculated with DDM3Y 
effective interaction and II.F.-Skll densities; normalization constants 
are indicated in the figure 
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lated elastic plus inelastic cross section to the measured one, unreasonably 
large deformation parameters arc needed if the normalization is kept con­
stant at N v = 1.0, N w = 1.0. The calculated reaction cross section for this 

normalizat ion is about 2 barns for both densities. 
Subsequently, one may examine the effect of different choices of 11 Li 

density, as stated above. For the same normalization, the halo density pro­
duces a potential with a larger radius (table 3) and the oscillations in the 
cross section are shifted to smaller angles. As can be seen from figure 6, 
especially for the large angles the presence of a neutron halo produces a 
quite different oscillation pattern. 

The inability of the presented calculation to reproduce the experimental 
data leads us to modify the normalization constants. A choice of N = 2.0, 

v 

N = 1.0 g1ves a reaction cross section of 2 barns, brings the calculated cross w 
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section over the data, but is unable to reproduce the most prominent oscil­
lations. In order to reproduce the observed oscillations in the data, a reduc­
tion in the normalization constants seems to be necessary. The results obtai­
ned with N v = 0.6, N w = 0.18 (without neutron halo) and N w = 0.27 (with 

halo) are shown in figure 7. Different N w values were taken in order to 

obtain approximately the same value of th~ reaction cross section. If theN w 

value was equal to 0.18, then the «no halo>> calculations give an even smaller 
reaction cross section, though they come a little closer to the data. While the 
general trend is reproduced, the reaction cross section drops to a value of 1.4 
barn which is quite puzzling in view of the existing data concerning the 
reaction cross section. 

The interaction of 11 Li is dominated by the break-up process. In a 
recent experiment at GANIL II ], the two neutron removal cross section of 
ll Lion Be (0.47 barn) and Ni 0 .3 barn) targets was measured at the same 
energy as in the present experiment. From these numbers ne could esti-
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FiJ. 7. The same as fig.6 but for different normalization constants N v and 

N W: total reaction cross section a R = 1.4 bam In both calculation 
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mate the break-up cross section for 28Si to be in the range of 0.9-1.0 barn. 
This is practically-one half of the reaction cross section predicted by the for­
mula of Kox et al. [25). Fukuda et al. [221 have found recently that such 
empirical formula underpredicts the reaction cross section for halo nuclei by 
20-30%. T herefore, a reasonable value of the reaction cross section for 
11 Li + 28Si a t 29 MeV /n could be 2.3-2.5 barns, in relative agreement with 
the value measured by Villari et al. [231 at 25 MeV /n. The measurement of 
9Li transverse [3) and parallel (4) momentum distributions showed that 
due to the very diffuse structure of 11 Li, the break-up process is dominant at 
large impact parameters, in contrast with a «normal>> nucleus like 7Li. In the 
present experiment this is confirmed by the analysis of the energy spectrum 
of the diffused 11 Li ions. If the scattering of 11 Li at low impact parameters 
(i.e. at diffusion angle larger than about 4") is accompanied by a break-up of 
this nucleus 11 Li-+ 9Li + 2n, one should observe in the measured spectum of 
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total energy (sum of energy losses in all detectors), shown in figure 8, a peak 
corresponding to the 29 MeV In 9Li ions. A careful mathematic I analysis set 
an upper limit of the contribution of 9Li to 5%. Therefore, the 11 Li scat­
tering is influenced by the break-up process only at very small a ngles, where 
the optical model amplitude is dominated by the Coulomb scattering. The 
cross section measured in the angular domain covered by the present expe­
riment is completely insensitive to the break-up process. The loose structure 
of 11 Li is contained in our optical potential through the halo density , which 
produces only a small shift in the potential radius. A simple renormalization 
of the potential cannot account for the nonlocal dynamic polarization poten­
tial induced by the break-up process. Similar ideas were adva nced by Sat­
chlcr et at. 1241. They suggested that an appropriate normalization of the 
real folding DDM3Y potential might be equal to 0.57. With this normaliza­
tion the calculated optical model reaction cross section < 1.4 barn ) represents 
approximately the difference between the estimated total reac tion cross sec­
tion and the estimated break-up cross section. 

One should also notice that a very similar total reaction cross section 
(1.45 barn, sec table 2) was obtained also in the phenomcn logical optical 
model analysis presented in section 4.1. 

As can be seen in figure 7 significant differences appear by using diffe­
rent density distributions for 11 Li . At practically the same normalization of 
the effective interaction and at the same total reaction cross section, the halo 
density reproduces better the data than the no halo density. 

5.Conclusions 

We have measured for the first time the angular distribution of the 
clastic scattering of a neutron halo nucleus on the 28Si ta rget. For this 
purpose, a secondary 11 Li beam was used. Despite the rather low intensity, 
the high efficiency of the detecting system permitted to obtain reliable expe­
rimental information. The corresponding angular distribution can be reaso­
nably described by using the phenomenological optical potential and the 
semimicroscopic double folding model with density and energy dependent 
effective interaction and realistic densities. However, in the analysis with 
the phenomenological optical potential the strong modification of the <<Stan­
dard>> parameters seems to be necessary for the description of the experi­
mental data. In the semimicroscopic model a strong renormalization of the 
real part of the optical potential seems to the necessary in order to reproduce 
the measured angular distributions. At the same time, the important con­
straint of reproducing the extremely large measured total reaction cross sec­
tion could not be satisfied. A reason for this discrepancy could be the insen­
sitivity of our data to the break-up process over the measured a ngular range. 
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For loosely bound 11 Li nucleus, with a very long tail of the neutron density 
distribution, this process takes place mainly at large impact parameters and 
the corresponding cross section represents an important fraction of the total 
reaction cross section. The strong nonlocal dynamical polarization potential 
induced by this process cannot be simulated by a simple renormalization of 
the DDM3Y effective interaction. 

The results of present experiment confirm conclusions drawn by Kolata 
et at. 130 I on the enhanced refraction and on the importance of a very long 
absorption in the elastic scattering of 11 Lion light targets. 

The s tructure of 11 Li enters in the folding potential only through pro­
jectile density and the presence of the neutron halo produces relatively small 
changes in the potential. Nevertheless it seems that the calculations with the 
halo densi ty reproduce better the experimental data. 

Most of the difficulties encountered in the interpretation of the present data 
come from the lack of separation between elastic and inelastic events which 
would have required a much better energy resolution for the detected 11 Li. 

The results of present experiment proved that a measurement of clastic 
scattering of very exotic nuclei although technically difficult can be perfor­
med even a t a very low (several hundred particles per second) intensity of a 
secondary beam. For a complete explanation of the obtained angular and 
energy distrubiton of diffused 11 Li ions particular properties of the 11 Li nu­
cleus due to a presence of a neutron halo have to be taken into account. In 
particular a contribution of soft modes of a giant resonance in 11 Li to the 
elastic cross section is possible and requires further investigations. 

Similar experiments performed with higher angular and energy reso­
lution are necessary to confirm and to study the phenomena of neutron halo 
for other light neutron-rich nuclei as 11 Be, 14Be and 17B. 
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POSITION-SENSITIVE NEUTRON DETECTOR 
AS A MODULE OF NEUTRON MUL TIDETECTOR SYSTEM 

I.D.Alkhazov•, A.V.Daniei•, V.D.Dmitriev•, E.M.Kozulin, 
A.V.Kuznetsov•, Yu.E.Penionzhkevich, Y.A.Rubchenya• 

The position-sensitive neutron scintillation detector has been made. The de­
tector consists of two photomultipliers and quartz tube rilled with liquid scintil ­
lator (0 6x I 00 em) with 11-y separation properties. The properties of the de­
tector have been measured and calculated by SITHA code . The po~ition reso­
lutio 1 is I 0 em and time resolution is 1.4 ns. The neutron erriciency varies 
between 31 % and 26% for neutron energy between 2 and 7 MeV, for neutron 
energy threshold- I MeV, respectively . 

The investigation has been performed at Radium Institute (St.Pctersburg, 
Russ a) and at the Laboratory of Nuclear Reactions, JINR . 

fl03 HU.HOHH0-4YBCTBHTeJlbHbiH HeHTpoHHbiH ,D.eTCKTOp 

KaK MOJJ.YJlb HeHTpoHHOH MHOro,D.eTeKTOpHOH CHCTCMbl 

11 . .LI,.AJlxa30B 11 ,D.p. 

Coa,l\au n0311L(110IHI0-4yncTu11TeJJhHbiH uei.\TpOHHbiH CL(1111T11Jimn~HOIIIIhiH 
,1\eTeKTOp. ,il,eTeKTOp COCT011T 113 1\BYX <jJOTOYMIIO>K11TeJJeH 11 KBapl(eDOH Tpy6hl, 
3a.nom •e11uoi.\ >K11AKHM CL(11HT11JJJJSJTOpoM (,l\11aM . 6x I 00 CM) c n-y pa3,1\eJJIII0-
~11Mll CBOHCTBaM11 . XapaKTep11CT11K11 ,1\eTeKTOpa 6hiJI11 113Mepe11bl 11 pacC•I11Ta­
llhl no nporpaMMe SITHA. noa111(110uuoe pa3pemeu11e cocTaB11JIO I 0 CM up~• 
npeMeuuoM paapemeu1111 1,4 11c. 3<jJ¢eKT11DHOCTh perHCTpal(1111 uei.\Tpo11on 
MeHSJeTCSI Me>K,l\Y 31 % 11 26 % AJISI :mepr1111 uei.\Tp0110B OT 2 ,1\0 7 M38, COOTBeT­
CTBeHHO AJJSI 3uepreT114eCKoro nopora per11eTpal(H11 uei.\Tpo11oo- I M3B. 

Pa60Ta BbiiiOJIIleHa B Pa,l\11eDOM 11HCT11TYTC (CaiiKT-nCTep6ypr, POCC1111) 
11 o Jia6opaTOp1111 IIAepubJX peaKL(11H OJ.UIH. 

I. Int r oduction 

In the past few years the interest for neutron multidetector systems in 
low and medium energy of heavy-ion physics greatly raised. The so-called 
«Neutron Balls» allow one to measure the neutron multiplicity and don't 
give information on the angular distribution and the energy spectra of the 

*Radium Institute, St.Petersburg, Russia 
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detected neutrons. One needs multidetector system which gives simulta­
neously the energy spectra, the angular distribution, the mean multiplicity 
value (or multiplicity distribution of neutrons). The measurement of these 
characteristics can be performed by a number of small detectors, such as 
DEMON project 11 ). The number of photomultipliers, however, leads to a 
sharp increase of the usage of electronics. Besides, a lot of calibration is 
necessary for their relative normalization. These problems can be reduced 
by means of large position-sensitive neutron detectors. A few types of such 
detectors had been studied in 12,3,41. Each of these detectors is intended to 
solve a specific task: the detection of high-energy neutrons (up to 200 MeV) 
at a large solid angle 121, observation of neutron emission from fast moving 
fragments or from preequilibrium components for deep-inela tic heavy-ion 
reactions 131, scattering measurements of fast neutrons at sm 11 angles (4). 
We designed the position-sensitive neuiron detectors as the modules of 
neutron multidetector system (5). The geometry of this multidetector sys­
tem can be changed, for example, either near 4Jt solid angle eutron detec­
tor system or <<neutron wall» system. The latter can consist of a few layers of 
position-sensitive neutron detectors for increasing the effic iency of high 
neutron energy measurements. 

2. Construction and Principle of Operation 
of Position-Sensitive Neutron Detector <PSND) 

The neutron detector consists of a quartz tube 100 em long with 6 em 
diameter (thickness of the walls: 2.5 mm) and two photomul tipliers PM-30 
with 50 mm dia. of photocathode. The tube is filled with liq id scintillator 
LS-13 )6) (analog of NE-213, with n-y separation propertie ). The photo­
multipliers are coupled directly to the liquid scintillator in order to avoid 
light attenuation. Between PM and both ends of quartz tube there is a col­
lapsible conjunction which consists of flanges and a special rubber. Tests 
have shown that this rubber is resistant to the liquid scintilla tor. The con­
struction of the expansion chamber allows horizontal as well as vertical mo­
unting of the detector. The detector is shielded against light with a titanium 
envelope. The scheme of the PSN D is presented in fig. I. 

Principle of time and position determination is shown in fig.2. The 
position information is obtained from the difference between the light 
travelling times <• L and • R) to two PMs at both ends of ne tron dt!tector. 

The position-independent time-of-flight is given by equation (see fig.2), 
with c - velocity of light, n - refractive index of liquid scintillator, t -

r 
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Quartz tube ¢ 60 Expansion volume 

I 

~ Liquid scintillator I PMT f}1 
l k 1000 

Cont a iner (Ti O.Bmm thick) 

Fig. I . The scheme of position-sensitive neutron detector (I'SND) 

L/2-X 

X 

tl =t + 1i 

1 
X : 2 ITL- 'TRI*C/nr 

. 1 . 
t = - [ ~ + tl- V ( C/nr) ] 

2 

L 

)I{C-13 

'TR 

~=t+ TR 

target 

PM 2 

Fig.2 . Principle of time and position determination. t- time-of-flight, x- position of an 
incident neu tron, r L' r R - mean light travelling times, n, - refractive index of liquid 

scintillator 

time-of-fligh t, l- the length of detector (I m), r Land r R- mean light tra­

velling times . The energy of a neutron is calculated by the time-of-flight 
method. 

In figure 3 there is shown the electronic set-up for measurement of 
detector properties with the 252Cf source andy-source. The electronic set-up 
includes two constant fraction discriminators <CFD) and two time-to-pulse­
height converters (T AC) for measurements of the times of flight and the 
difference light travelling times in the scintillator, two fast commutators for 
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LONG COUNTER 

IC CFD 

Delay Sta rt 

TAC 
Stop 

FC 

Fig.3. Electronic set-up for testing PSND. PMT- photomultiplier, CFD­
constant fraction discriminator, TAC- time- to-pulse-height converter, FC 
- fast commutator, IC - ionization chamber, ADC - analog- to-digital 
converter 

division of the PMs signal by fast (with time 50 ns) and sl w (with time of 
300 ns) components and block of coincidence and strobes. Six ADCs 
(analog-to-digital converters) are connected by the IBM COMPUTER. 
Ionization chamber with 252Cf source and constant fraction discriminator 
forms the <<Stop» signal for the time-of-flight measurements. 

In figure 4 there is shown necessary data for obtaining energy and 
angular information from position-sensitive neutron detector: 

I. Half of a ~um of times gives us the time-of-flight. 

2. Difference of times gives us a position of an incident neutron. Time­
of-flight and position give us neutron energy. 
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ADC 1 ADC 2 ADC 3 ADC4 ADC 5 ADC 6 
v 

T. 

v 

A., A .. v 

Az. 
v 

A., 
v 

Tz 

1. (T1 + T2)/2 => T(timeofflight) 

2 T T X ( 't' ) } => E (neutron energy) 
• 1 - 2 => post ton t" 

1 I 

3. A1/ A21 =>XC (additional position information) 

4. A 11 + A21 =>~(additional position information) 

(AI' A2)fast . 
5. (A A ) } => n- y separation 

I' 2 slow 

Att = AI/+ Als' A2t = A2f+ A2s 

Fig.4. Necessary data for obtaining the energy and angular inrormation from 
PSND 

3. The ratio between the pulse heights of fast signals gives us additional 
position information. 

4. Sum of the pulse heights defines the recoil energy of proton and also 
gives us additional information on neutron energy. 

5. Th~ relation between two fast and slow components of PM charge 
signal allows one to realize n-y separation. 

Therefore the data from position-sensitive neutron detector include six 
values and occupy 12 bytes of memory. For the. system of neutron detectors 
we must add yet one byte in order to remember the number of neutron 
detectors. 

In figure 5 there is shown the electronic set-up for serving of two (or 
more) PSNDs. This scheme explains the logic of work in the case of a few 
PSND, where the multi-input CDC (charge-to-digital converter 43008 <<Le 
Croy)>) and the multi-input TDC (time-to-digital converter 43008+4303 «Le 
Croy)>) are used. 

3. Calculation Methods 

The efficiencies of our set-up irradiated by neutrons with the energies 
less than 20 MeV and neutrons cross talk have been calculated by the pro­
gram package SITHA (Simulation Transport Hadron) [7 ]. This package 
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was created in Radium Institute and its development goes on last years 18 J. 
The package SITHA is used to calculate hadron transport in matter blocks of 
a complex geometry. 

The nucleon and pion transport was carried out for the energy interval 
from 10 MeV to 10 GeV; and neutron transport, for the energies less than 
20 MeV. In the last case multigroup approaches based on the neutron cross 
section libra ry GRI75-VI 18 I are used. The package SITHA includes dif­
ferent modules for calculation of the response function of the neutron detec­
tors based on liquid organic scintillator irradiated by the neutrons with the 
energies less than 20 MeV. These modules have been carefully tested 191 
and we use them for calculations of the characteristics of our long position­
sensitive neutron detector. 

Ught output to protons, alpha particles and recoil nuclei were taken 
from Dekempenecr et al. (10 J. Light attenuation in the long tubes has been 
taken into account. 

4. Res u lts and Discussion 

The position resolution is presented in fig.6. The highly collimated 
252Cf source was displaced in steps of 10 em in front of the detector. In the 
upper part of the figure the difference time (L\T) between both the ends of 
the detector is shown. This value (14 ns) is equal to double mean light tra­
velling time a long the whole length of the detector. The position resolution 
depends on the time resolution of the detector. The time resolution has been 
optimized by the choice of voltage between cathode and the focusing elec­
trodes of PM. The time resolution of the whole detector system including 
electronics is 1.4 ns. Therefore the position resolution is I 0 em. In the lower 
part of the figure one can see the position resolution as a function of the 
neutron energy loss in the scintillator. The energy scale was obtained by 
means of calibrating of y-sources and 252Cf source. In the lower energy 
region the position resolution is mainly determined by the signal-to-noise 
ratio. This poor resolution may be improved, however, using additional 
information on the time-amplitude rejection and on the ratio between the 
pulse height of signals from both PMs. 

In fig.7 there is shown the light output versus the position on the 
detector. The lines are drawn via measured values. For a single PM the pulse 
height varies three times, but the sum of light output is nearly constant 
<20%) along the scintillator. The light output variation from single PM may 
be used for an additional position information. The sum of light output from 
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Fig.6. Upper part: the illustration of position resolution. Lower art: 
position resolution vs. neutron energy loss in the scintillator 

both PMs gives an additional energy information which is almost inde­
pendent of the position. 

In figure 8 there is given the time-of-flight spectrum of PSND sector 
<x = 20-30 em - position of detector relative to its end) for 0.5 m flight 
path as measured with a 252Cf source. The quality of the time-of-flight sepa­
ration between neutrons andy is demonstrated in this figure. For n-y pulse­
shape discrimination we usc the digital integration method: comparison of 
fast and slow components of PM signal. The combination f the time-of­
flight and pulse-shape methodics enables a good n-y discrimination for 
neutron energy threshold of 1 MeV. 

The absolute neutron efficiency has been measured by means of 252Cf 
source. The source was displaced at a distance of either 0.5 or 1 m from the 
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Fig.7. Lightoutputvs.position. CJ 
- photomultiplier I, • 
photomultiplier 2, '* - sum of 
PMI and PM2 

Fig.8. Time-of-night s~ctrum for 
0.5 m night pa th (25 Cf) . L -
path of night In the middle of 
detector, x- position of detector 
relative to its end 
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Fig.9. The measured neutron efficiency of PSND as a function of neutron energy and 
position of detector 

center of a detector. The measurements have been made for energy 
threshold - I MeV recoil proton energy in the middle of detector. Ten 
positioned time-of-flight spectra for various time intervals between signals 
from PMs have been collected simultaneously. The neutr n efficiency 
registration for different detector sectors (position) as a functi n of neutron 
energy has been obtained from neutrons number ratio detected in 
coincidence with fission fragments and total neutrons number emitted in 
solid angle of the given detector sector. In figure 9 there is presented the 
isometric plot of efficiency as a function of neutron energy a nd position of 
neutron detector for neutron energy threshold of l MeV. This efficiency has 
been also calculated by code SITHA for the same geometry nd different 
energy threshold of neutron registration. In figure 10 there is shown the 
comparison between measured neutron efficiency and calcula ted one for 2 
and 7 MeV neutron energy. The calculated and measured values of 
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Fig.) 0. Comparison t>etween measured neutron erriciency and calculated one by 
SITHA code values (curves) for 2 and 7 MeV neutron energy 

efficiency are in good agreement. The efficiency is nearly independent of 
the position in the region of 80 em. Therefore the detector may be used over 
an effective length of 80 em ( ± 40 em regarding the middle of detector). 
PSND has been tested on measurements of neutron emission from heavy­
ion reactions on DEMAS-N set-up of the U-400 accelerator, LNR (JINR, 
Dubna). 20Ne beam with energy of 144 MeV and current of 100 nA bom­
barded 197 Au target of 200 Jtg/cm2 thickness. Neutron detector was placed 
parallel to the beam axis at a distance of 0.5 m. Counting rate from each PM 
was 105 per second. The neutrons were detected in coincidence with frag­
ments. The avalanche fragment counter was used for «start» at measuring 
the energetic neutron spectrum by the time-of-flight method. The time 
resolution was 1.6 ns; the position resolution, I 0 em, at energy threshold of 
1 MeV. 
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5. Conclusion 

The test measurements on 252Cf source, y-sources and heavy-ion beam 
have shown that PSN D can be used for investigation of the angular distribu­
tion and energy spectrum of neutron low energy range (0.5- 10 MeV). This 
detector can also be used as a module of multidetector near 41l solid angle 
system which allows one to measure simultaneously multiplici ty, the angu­
lar and energy distribution of neutrons with high efficiency. PSND can be 
used for construction of <<neutron wall» which includes a few (5-10) layers 
of PSN D for measurements in the large solid angle with hig efficiency of 
high-energy neutrons (up to 500 MeV). However, in case of using PSND as 
a module of multidetector closely packed system there is a «cross talh effect 
(this occurs when a detected neutron is scattered by a neighbouring detec­
tor). In accordance with investigation of this effect by Desesquelles et al. 
Ill I with the multidetector AMPHORA, the main consequences of the 
<<cross talk» arc: an enhancement of the measured multiplicity and a smoo­
thing of the laboratory angular distribution. 

We calculated the values of the «cross talk» for various geometry confi­
gurations of some position-sensitive neutron detectors by means of simu­
lation using the SITHA code. We began test measurement of this effect 
using two PSNDs. The preliminary results show that in case when two 
PSND were placed close to each other (the distance between axes of detector 
was 12 em) only 5% of detected neutrons were due to the «cross talk» for 
neutron energy threshold of I MeV of spontaneous fission spectrum of neut­
rons. Taking into account the importance of distortions connected with the 
«cross talk» effect we are going to publish experimental and calculated re­
sults of this effect in the next article. 

We thank Prof. Yu.Oganessian for permanent interest and large support 
of this work, colleagues S.Voronin and A.Veschikov for help in creation of 
neutron detector, V.Salamatin, A.Tonchev, G.Chubarian a nd the team of 
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