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1. It seems most probable that the supersymmetry will have 
an important role in a future unified theory. A direct genera
lization of the 's t andard model is likely to be the N = 1 super
symmetry/l!. It is known as well that the masses of supersym
metric partners of the ordinary particles may be of an order of 
(or less than) 1 TeV. ' 

As a reflection of the chiral structGre of th~ standatd the
ory, definite chiral properties are characteristic of the N = 1 
supersymmetric Lagrangian. They lead to specific dependences 
of the amplitudes for producing supersymmetric particles on 
the he I i c í t i e s o f the initial particles. Tt i s c I ea r that t he.
se dependences would manifest themselves most brightly in ex
pe riments Wl th po larized i ni t ia 1 part ic les. 

In recent papers /2-' 4/ at t e n t í on ha s been dr awn to the impor
tance of using polarized beams in the search of supersymmetric 
particles. In t he s c: papers t h e cross-sections 'and s p í n asymme
tries f or pair productions o f spin O ~r sp i n 1/2 s upe r symmet r í c 
particles in e+ - e- and p-~-collisions with polarized heams 
have been calculated in the framework of N = I supersymmetry. 
The polarizZltion effects in these processes have heen shown to 
be large. 

The values of the asymmerties obtained in /2-- 4/ depend on 
the masses of supersymmetric particles and on the other para
meters of the theory. It would be interesting to find general 
relations between polarization characteristics of the proces
ses of supersymmetric-particle production which would reflect 
only the chiral properties of the Lagrangian and would not de
pend on the parameters determined by the mechanism of super
symmetry breaking. To obtain such reàltions for polarized e+- e
collisions is the aim of the present paper. 

2. Let us consider the prClduction of a pair of supersymmetric 
pa r t c l e s wi t h spin O or 1/2 in polarized e-t - e-- collisioní 

+ -'0 

e + e -+ S + SA ( 1) 

The supersyrnmetriç particles S and S can either possess some 
charges or be truly neutral. We suppose the incident e+ and e
to be polarized. We are not interested in the spin states of 
the final particles. Correspondingly, we write down the matrix 
element of process (I) in the form 

__ I , 4 

(--p')Mu r(p)(21T)
0<fl(8 t)li> == NpNp,Nfu~ ô(P'--P). (2)-

tOiViltldetHihifi UnCl'1~l'Y't t 
uef:$BMI MCC :mJ10i!:1'mt ~ 



Here p, r and p, r" are the momenta and helicities of initial e " 
and e+, N ,Np~, •••are standard normalizing factorsp 

1 1
(N "" ~--~ -~---) 

P 3/2 --~ ' 
(217) Y2 P o 

P and P" are total 4-mo~enta of the initial and final parti
cles,M is a matTix acting on spin variables of the electron 
and positron. 

We shall phow in 5ect.3 that for N = 1 supersymmetry to the 
lowest order of perturbation theory the ~atrix M satisfies the 
chirality conservation relation 

Y5MY5 =o - M. (3) 

In the ultrahigh energy range we are interested in we have 

Y5 u
r (p) =: - ru r (p) and Y ur' (-p ..) = r'u r' (-p") ,and f r om (2) 

and (3) it follows 5 

r':.-r (4) 

50, if the relation (3) holds, process (I) is possible only ~n 

the case of opposite electron and positron helicities. 
Let us look now for relations between measurable quantities 

following from (3)*. In the general case of polarized initial 
particles the differential eross seetion for. process (1) in the 
C.ID.S. has the form 

B(s ) SpMp (p , ç)Mp ( - p " ç ,) . (5)
O'ç'; e 

Here h-----T 
, 1 1 M-sB (s) "-' ---- ----- 1 - 4 '---

16y-:S (217) 2 s 

s = -cP + p')2. Ms is the mass of the supersymmetric particles, 
p(p~ç) is the spin density matrix of the eleetron and the ma
trix p(-p', ç') is connected with the positron density matrix 
p(p', ç') as follows 

p(-p~, ç') :.-: - CpT(P"7 ç")C-~ (6) 

where C i
. s the charge co nj'"ugat i.cn mat r i x (C T"" - C• C YaT C-oi :::: - Ya ), 

ç and t' are 4-vectors of the e Lec t ron and positron polariza
tion se p =:o~ ç'.p""",O). In the c.m.s. Po» m (m is the electron 
mass) and up to terms linear in m/po for the eleetron density 

. h /6/
matr~x we ave . 

* Let tiS note that polarization characteristics of strong in
teraction processes in the framework of approximate Y5 -invari
ance have been considered in ref./ 5/ 

1 ... -+
p(P. ç) :::: _.-(1 ~ P Y + iy yP )A(p). (7)

2 L 5 5 T 

Here A(p) ~ ~,PL and PT are longitudinal an~ transverse pola
1 ' 

rization of the electron in its rest frame (in an arbitrary fra
-+ .~ -+ -+ 

me ÇL=PL~-;ÇT:;:PT)' For the density matr i x p(~p',.çP) by using 

Eqs.(6) and (7) we get 

1 -s -+ 
p ( - p '. ç') :::: -. -- (1 + P , Y + i)' Y P' ) A ( --p ") • (8)

2 L 5 5 T 

where P{ and p~ are longitudinaland transverse polarizations 
o f the positron in its rest frame. 

We suppose first that the electrons and positrons are longi
tudinally polarized. Obviously, the differential ~ross-section 

has in this case the following general form 

O' p .. p UJ) == O' (O) + P O' (O) + P ' a (8) + P P ' (J (()). (9)
L L L,L L o -- + l,+-

Here 8 , i s the angle between the mome n t a of e+ and s, O' o (O) is 
the cross section for the process with unpolarized e+ and e-, 
0'_ (O). 0'+ (3) and 0'+_ (B) characterize the contribut ions of the 
incident-particle polarizations to the cross section. lf the 
matrix M obeys Eq.(J), the foll~wing relations take place: 

O'_ (O) :: - O'+ (() ) , ( 10) 

0'+ _ ((I) :: - 0'0((1). ( 11) 

Really, by using Eqs.(J), (5), (7), (9), we have* 

* It is not difficult to see that relations (10) and (11) 
are direct consequences of equality (4). Indeed, in the heli
city basis the cross section for process (1) with longitudipal
ly polarized e+ and e- has the jorm 

2 
O'::::~!f, 1 .!..(1 + P r).!..(1 + P' r'). 

, r r 2 L 2 Lr, r 

Therefore, if r'=:-r, then 

O' -~If I r== 
1 
4 -rr 

2 
- 0'+ ' O'+_ !. ~ I f I ~ == r O'o,' 

r 4. - rr . 
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1	 .
v: «I) = -4"B(S)SPMY5 A(p)MA(~-p') 1- B(s) SpMA(p}M Y5A(-p') ::<-a.:, (O). 

1 - 1 
a+_ (O) =-B(s)SpMy A(p)My A(,...p') =::-B(s)SpMA(p)MA(-.p') ""-a (O).

4 5 5 - 4	 o 

To obtain from Eqs.(IO) and (lI) relations between measurable 
quantities, let us define the asymmetries 

CIO' • P (O) ., ao' _P (O)
1 'L • L

A_,(O) -- [ ---------------]. ( 12) 
PL aO' P (O) + a (O) 

, L O'_' P L 

O'p , • O (O) -:' O'_p '. (O)
1 L' L,a 

A (O) = -'-[------.-------] (13) 
+	 P{ a p ' . O «()) + O'_p "0 (O) •
 

L' L'
 

From Eq.(IO) it follows that the asymmetries A_ and A+ are con
nected by the relation 

A_(O) = - A+(O)'	 (14) 

The quantity 0'+_(0) can be determined in experiments with 
both electron and positron beams polarized. As a consequence 
of Eq.(1 I) we have 

IH A + _ (O) == ~ 1 ,	 ( I 5 ) 

where the asymmetry A+_ is defined as follows 

. 1 ap'.p (O).,.. a_p'.p (O) - ap'._p (O) -+- a_p'._p (O) 
A (O)::: ----~[__!:::_l- ~:...~ .!._-.:-_!: !.__: L_] ( 16) 

+- PLPL ap'.p (O) + a_p'.p (O) + ap'._p (O) + a_p'._p (O) • 
L' L L' L L' L L' L-

So, if the matrix M satisfies the helicity conservation re
lation (3) the asymmetry A_(O) i TI process (1) wi th polarized 
e- and unpolarized e+ is equal in magnitude and opposite in 
sign to the asymmetry A-+-(O) in the same process with polarized 
e+ and unpo l ar zed e _c; the asymme t ry A+_ (O) in process (I)í 

when both e= and e+ are polarized is equal to -I. 
It is easy also to obtain relations between integral asym

metries following from the helicity conservation. From Eqs. 
(lO) and (lI) we find 

O' 
F,B F,B F,B F,B	 ( 17) 

~ -- 0'+ a+_ - a or where .. 
77 -OF 77/2	 B o, 

a.+ = 277 .r O' +«()) sinO d() ; a± 'T 277 J O' ± (O) smO d(). ( 18) 
- ()o 77/2 

(t.he angle Oo is determined by the experimental set up). From 
Eqs.(17) the following relations between asymmetries can be 
easily obtained 
A F, B = _ A F·, B A F •B =:: _ 1	 ( I9 ) 

- +, +- , 

where the quantities A~'~nd A;.:.B are defined analogously as 
(12), (13) and (16). Finally ,.by integrating Eqs. (10) and (11) 
over the total solid angle we find for the integral asymmetries 

A_:;;; - A+" A+_;:: 1.	 (20) 

We shall now consider process -. (.1.) in the general case o f, 
arbitrarily polarized electrons and "pçs i t rons.. If the matrix M 
satisfies the helicity conservation r'e-le,t;LQ.}l, .C,}}").,,,t•.,is not 
hard to see that in the cross section p.11 terms Lí.nea rrí,n trans
verse polarization vanish. In fac~,~by using Eq.(3) we have 

SpMy5 YA(p)MA(-p') ""' SpMA(p)'y5 YA(-:~') ::: O.	 ( 2 Ia) 

Similarly, we have 

SpMY5 yA(P) MY5 A(-p'') == SpMY5 A(P) MY5 ;A(-p') ;::;: O.	 (2Ib) 

It is easy to convince oneself ~hat the helicity conserva

tion does not impose any restrictions àn the terms bilinear in
 
electron and positron transverse polarizatións. Eqs.(21) mean,
 
that
 

a-+ , == a -+ =: a • (22)

Pt; O O ; P T a
 

a e , -4> == a, ; a -+ .. =:: 'a • (23)PL,PT PL;O PT;P O;P LL 

Thus, if matrix M conserves helicity, th~ cross section foi 
process (I) with one of tha initial beams trans~ersely polari 
zed and the other unpolar~zed is equal to the cross section 
for the p roce s s with unpolarized e+' and e -. If one of the beams 
is longitudinally polarized, the cross section for process (I) 
is the same in both the cases of the'second beam being either 
transversely polarized or unpolarized. 

In conclusion, we make the following remark. As 1.s evident 
from Eq.(23), the asymmetries in the case, when one of the 
beams is longitudinally polarized and the other is transversely 
polarized, are identical with the corresponding asymrnetries 
defined by Eqs.(12) and (13). Ther~fore, relation (14) remains 
valid in this case too. 

3. We shall no~ demonstrate that for N = I supersymmetry the 
matrix M determined by (2) satisfies to the lowest order of 
perturbation theory the helicity conservation relation (3). 
Let u~ fitst consider the production of a pa~r of ~calar lep
tons; + -~- or r+ -r

51' 4 
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- -+e~ + 8 '-i' + '--c+ I íl'; i.	 (24)li L P- L 11 R 

- .... ...}.+ 
1· -"-fo8 8 r L 1 -:«: {.""r~).	 (25) 

Only diagrams with y and Z exchange in the s-channel $hown 
in Fig. 1 contribute to the amplitude of these processes 

Fig. 1. Diagrams ofe+	 í+ 
, the process e+ + e-LR ,-+ .• 

,~-~ f L, R + eL •R . 

The couplings of photon 
r'_fIZ	 and Z boson to the pair 
It,R	 e + - e-o are given by 

the standard theory and 
are of a vector and an 
axial vector type. So, 

the matri~ M for processes (24) and ( 25) a n t i c ommute s w i t h y5* . 
Next, we consider t~e proces?es 

+ -+	 ( 26)8 + e + te 1.	 e 1. 
I~lI'II	 -+
! e+ + e e R +	 e R (27) 

In addition to the diagrams of Fig.l, diagrams with exchange 
of Majorana supersymmetrjc fermions X i in the t-channel (see 
Fig.2} .contribute to the amplitude of these processes 

r-'t

e+~e·L'R 
Fig. f. D~a~ra~~ o!+t~~ p:ocess 
e + + e-.- e L + e L (8 R+ 8 R) wi. t h ex

I c~ange of Majorana fermions Xj in 
the t-channel.: f;

I I 

. ~ ei:,Re/o .,,= 
lI! 

*.. .
úbv~oúsly,th~s also refers to th~ product~on of squark-an

tisquark pair ~n é+ - e- collisions:Note that ~~re and further 
on the diagrams with Higgs-boson exchange ~re not taken intq. 
accoun~.Thelr cont~ib~tio~s to the, m~çr~x elemenç of th~ pro
cesses ,are small 'compared to the contribution of diagrams .F~g~ I. 

6 

Relevant terms in the interaction LagrAngian have the general 
form	 . 

(o) -.:' L "" ~ -I- -.:' R ~ ,.. t·
 
oL .~ k C X 8 8 t ""' C. X 'I e R 8 R -+ h. c. (28)


i i iR L L i \ 1. 

where C; and C~ are constants determined by the supersymmetry 
hreaking mechanism. It is clear from Eq.(28) that only the ope
rators (81.81.) and (eR8 R) contribute to the ma t r i x elements off1t

l' processes (26) and (L. 7) , re sp ec t i.ve Lys . Therefore, the who l e 
matrix	 M which includes contributions both from diagrams of 
Fig. I	 and Fig.2 satisfies relation (3) for processps (26) and 
(27) as we11., 

We proceed further with considering the production of sneu
trino-antisneutrino pair 

I- .- ..: ,
8 .; 8	 .,., l/e I- "r' (29) 

If e ~ It. r •.• only the di a g r ams with Z-exchangc in the s-chan
nel contribute to the amplitudes of these p r oce s s e s ; In the 
case of electron sneutrino production 

+ - :: 
8 + 8 --.. I/ + r' e e 

there is an additional diagram with W exchange in the t-channel. 
Since in the interaction Lagrangian of N = 1 supersymmetry the 
field í7e is c oup l e d to the field 81.' only the ope r.a t o r (8 L 8 L) 

contributes to the corresponding. amplitude. As a result, the 
helicity is again conserved by matrices M of processes (29). 

Let us	 finally turn to the production of a pair of winos 
+ - -+ -. e + 8 --.. W + W •	 ( 30 ) 

The corresponding diagrams j nc l.ude y and Z exchange in the 
s-channel an~ ~e exchange in the t-channel. Obviously~ the 
matrix M in this case satisfies relation (3) for the same rea
sons as aboye. Note that this remains valid also for the pro
duction of charged higgsinos (as well a$ in the general case 
of higgsino-wino mixing). . 

4. Up to now we have considered the production of a pair of 
supersymrnetric partic1es with equal masses. Here we turn to 
the processes of production of two different selectrons 

+ - - + --. 
8 + 8 --+ 8 L + 8 R '	 ( 3 1) 

1 
* That means, the diagrams of Fig.2 give nonvanishing contri 
butions to the ~mplitude of process (26) with r = - I, T'= 1, 
and to the amplitude of pr oce s s- (2,7) with r = 1, r " = .:..1 (r and 
rI are the electron and positron helicities). 

7 



+ - -+ .-. -	 ( )8 + 8 -=-+ 8R + 8 L • 32	 which is based on the CPT-invarianc~ and unitary of the S

matrix. From Eqs , (9) and (37) we .find /7,8/


These reactions proceed via the t-channel exchange of neutral
 
gauginos Xi (see Fig.2). As it is easy to see from Eq.(28), a (e) "" o (7T - (9) (38)


o o ,
the operators contributing to the amplitudes of processes (31) ,

and (32) are, respectively, (eR8L) and(eL8 R)' So, t.h e mat a+ (19) == - 0_ (7T - (9) • (39)
 
rix M of process (31), ((32)) satisfies the relation.
 The combination of Eqs.(39) and (11) gives\J 
Y5 MY5 = M,	 (33) 

o ± (19) == o ±(7T - (9)..	 ( 40)11.
It follows from Eq.(33) that (unlike the previously considered 

With the help of Eqs.(38) and (40) we find that the asymmetriescases) the amplitudes of reactions (31) and (32) are nonvani ~ A_ satisfy the relationshing if e- and e+ have equal helicities (r = r' = -I for pro + 
cess (31) and r = r' = 1 for process (32)).	 A (19) == A (7T - (9). (41 ) 

=f 1=For the collision of l ong i tudinally polarized e + and e~ the I Further, by integrating Eq.(40) over 19 from 19 0 to 7T/2 we have
cross-section for process (31) ((32)) has the general form,
 
Eq.(9). From Eq.(33) analogously to Eqs.(IO) and (lI) we have o± 

F 
== o·± 

B 
' (42)
 

o_.~(9) "" 0+(19)" a+_(t9) :::: (3!t)	 where the quantities are given by Eq. (18). Relation (42)o :,Ba·o(t9). 
can be checked by measuring the asymmetriesFor the asymmetries A+: (19) and A+_(t9) defined by Eqs.(12), (13)
 

and (16) we find F a F _ oB
ap{;o - opB,. O' 
L'	 O,; PL O ; P LA FB	 FB

A_ (19) == A+(t9) , A+_ (19) =::: 1.	 (35) ------------------- • (1+3)p'. O F B AO;PL 
o·F + o BL' °p{;o + o'p{;o

Note that r~lations (22) and (23) remain valid for processes	 O; PL O ; P 
L 

(31) and (32) too. bvi 1 . FB d FB	 .O V10US y, the a s ymme t r í.e s Ap"O an A ' p can be nonvaru r5. The prodúction of two Majoran,a supersymmetric fermions I L' o, L
 
+ - shing only if the helicity conservation relation, Eq.(3);is
 

8 + r, -- X i + X k	 (36) 
') violated. As a consequence of Eq.(38), the asymmetrYAt.~ cor

needs a separate consideration. -Processes (36) ~ccur via Z-ex responding to unpolarized e + and e - is always zero. . 
chan ge in the s-channel and e L and (!R exchange in the t-chan Let us note that the productions of Majorana particles with 
nel. Tf there is no mixing between the fields eL and ê R , it is equal and d i f f e r errt rriasses must be considered separately. In 
easy to seewith the help of Eq.(28) that the operators contri  the case of equal final particle masses, as a consequence of 
buting 'to the matrix elements of these processes are (8 L 8 L j the Pauli principle we have 
arrd (eR8RJ*. So, the ma t r i ce s of processes (36) satisfy the o p -, p (19 ) ::=: o p , . p (7T - (9) • (44)
helicity conservatiorr r~lation (3) arid therefor~ in this case L' L L' L 
the general·relations t io) , (-lI), (22) and (23') hold . The From Eqs.(9) and (44) we find 
cross section for producing a pai r of Maj'orana particles is
 
bound to fulfil the following additional relation(7! 0t(t9) = a t ( " - (9). (45)
 

0p".p (19) "" o_p ,~p'(7T - (9) ,	 (37) By combining Eqs.(39) and (45) we oQtaln relation (lO). Thus, 
L' L L' L for identical final Majorana particles, the relation (lO) al 

I ways holds. In this case it is possible to test the helicity 
I conservation by checking relations (15) or (22) and (23). 

*	 p. So far we have been neglecting the mixing of slepton
Really, by using the Fierz transformation we have	 I

I 

fields e and f R . In all standard super symme t r i.c models the an
- - 1 - 

(8L X i R ) (X kR,8 L) = = -2 (e LYa 8 L) ( X kRYa X i R) , 
L 

gle 19 of mixing of f L and 1R is small!9/ (tg20 - :~ «1 ,where 
, 1 ...:. - rn 

(êR XiL )(XkL 8 I)	 rni is the lepton mass and mis a characteristic scalar lepton- "2(8 R Ya .eR)(XkLYaX iL)' 
mass) . 

'I 
8 9I 

,I 
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In the presence of a cqnsiderable mixing of í;L and IL R or T L 
and"";R fields not only sleptons with equal masses but a Ls o 
sleptons with different masses will be produced in e+ - e " col
lisions. As only the diagrams with y and Z exchange in the s
channel contribute to the amplitude of these processes, it is 
obviàus that Eq.(3) and alI the relations bctween observable 
quantities following f'r om Eq. (;3) remain valid in this case. 

I f the mixing of ê L and ê R' takes place, the fields e L and 
e R 'couple to the same massive selectron field in the N = I 
supersy~netry Lagrangian. This leads to the violation of rela
tion (3)" (as well as (3'],)) for processes e++ e ....-+ e++ e':-' and 
e++e~ Xi+ Xk' Thus, the check of relations (14), (lS)~etc., 

would allow one to gain information about the mixing of the 
f i e l dsE L .and ê R • , 

Let us note in conclusion that the qllestions of detecting 
the supersyrnmetric particles have not been discussed here. 
A detailed consideration of this subject can be found, for 
example, in a recent CERN prep r i nt /10/. ' , ' . 

We would like to ackno~i~dge E.Ch.Christov~ for'usef~l dis
cussions. 
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~=".v1Jl<_"Hbt<V1~ C.M., HeAen1...1eea H.n. 
~'.!I~,Q'>I\1'\t-.le T2CTbl cynepC111MMeTpl11-~ 

onbtTax c nonRp~3osaHHb1Mll1 L+lll 

E2-8t-494 

B paMKdY N = 1 cynepcliiMMeTpllllll pac=MaTpHad~TCR pa3nH4H~e npouecc~ po*
AeH~A cynepc~1M~€Tpli14H~X 4aCTHU 8 CTOnKHOB€Hli1H nonApH3CBaHH~X e+- e-. nony
~'PH~ o6~He COOlHOWeHli!A M€*AY f10Il.ApH3aUHOHH~Mll1 XapaKTepli!CTli!KaMlll npOU€CCOB. 

orpa*aJ~He KlllpanbH~e CBO~CTBa narpaH*HaHa B33VIMOAe~CTBVIA H He 33Bli1CA~li1C 

GT napaMeTpOB, 3Ha4€Hlii.A KOTOpbiX OnpeA€IlAf'JTCA M€X3HV13MOM Hapywet-il<i.A Cynep

CliiMMETpHll!. 8 4aCTHOCTH, nQK333HO, 4TO aCVIMM€TpH~, 803HHKd~~aR npH B3a~M0-

,0,(•i1CTB~~ npOAOflbHO f"10Jl.Ap~30BdHHbiX e+ C HenonAp~30Bd~HbiMI1 P- ,paaHa nO Ben~

~~He ~ npOT~Bl>nOnO>+<r<a no 3HaKy aCI-1MM€TpV1..1, 8(J3HV!K~1"lll.\e~ np\.1 83a1MOAe~CTBI-11.1 

nonApV!30oaHH~X e- c Henon.Ap~30BaHH~M~ P+. 

Pa6oT a st.monHeHa a Ila6opaTop~f1 TeopeTV1~f •':t<C'>;, :l>~A3vtK\.1 OV1RV1. 

npenpHHT 06 ... JlHHtHHOrO IOICTHT)'TO liJI,epHblX HCCntJlOBaJIHH. ):\y6Ha 1986 

Bilenky S.M., Nerlelcheva N.P. 
Possible Tests for Suoersymrnetry 
in e+ - e- Call is ions with Polarized Beams 

[2-8£-494 

Pair production of various supersymrnetric p.;:;rticles i'l t/- e col~ 

sions \vith polarized he-=lms is considered in the framewor¥ of= N"" I surer
symmetry. General relations between the polarization characterrstics are 
obtained which reflect the chiral properties of the interactio;• LaJranqian 
and don't depend on the parameters determined by the scpersvmmctry breaking. 
It is shown, in particular, th~t for a wide class of processes the spin asym
merty arising in any process with longitudinally polarized e• and unpolari
zed e- is equal in magnitude and opposite in sigr. to the asymmetry arising 
in the same process with oolarized e- and unpolarized e+. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1986 


