
od1l IAMH IH HhlM 
MHCTMTYT 
RAlPHhlX 

MCCIIAOBaHMM 

AYdHa 

,.", /) / .... 

(~) ,~: ~~ E2-88-395 

V.A.Bednyuov, S.G.Kovalenko 

EXTRA i'.BOSON 
IN ELASTIC AND DIFFRACfIVE 
NEUTRINO SCATTERING 

Su bm rt ted to "RAepHaR Cl>H3HKa" 

1988 




Introduction 

Deriving experimentally checkable predictions from super

strings is a keT problem in construction of a unified theorT 

of fundamental interactions. It is clear now that, despite 

impressive progress in this field, tbe predictions obtained 

are far from being reliable. Approaches to tbe solution of tbis 

problem are still dimmed. However, tbere are reasons to believe 

tbat tbe 10-dimensional beteroidic Ea xE~ superstring leads 

after compactification to 4-dimensional N=1 supersTmmetric 

theorT with tbe gauge group E6 11/. Superfields of matter are 

grouped into 27-plets E6 in this case. 

An interesting physical consequence of this scheme is that 

relatively light (the mass is less or near 1 TeV) exotic fermi

ons 121 and the additional Z'-boson 131 can exist. The new light 

fermions from the 27-plet E6 can probably be two standard-group 

singlet states: the j 
c 

belonging to the 16-dimensional represen

tation of S010 and the S010 singlet n. 14/. There is a more 

certain situation with tbe Z'-boson. It appears practically in 

all the known schemes of the low-energy limit of superstrings/5/. 

Great attention has been recently paid to the study of ex

pected experimental manifestations of the Z'-boson which, if 

discovered, could indicate the superstring nature of unifica

tion of interactions. Prom this point of view its contribution 
(-) 

to deep inelastic processes, ~e scattering, e+e- annihilation, 

atomic parity violation and some other processes 15-71 were 

theoretically studied. It should be noted, however, that addi

tional neutral bosons can appear in ordinarT grand unification 
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schemes as well. So the reliable interpretation of possible 

deviations from the standard model (SM) as manifestations of 

the superstring Z' contribution will require a wider class of 

phenomena to be studied. 

We shall calculate and analyse the magnitude and specific 
~)

features of this contribution to elastic yB scattering. coherent 

neutrinoproduction of Jr°-mesons on nuclei and some diffractive 

reaction: 
(~N ...-,. (;N, 

(1) 

~)A --lj}r°A, 
(2) 

(:;)tV - ~i/(.II/)#. (3) 

Besides, we shall consider once more the process 

(-) (-) 

'Je-... )Ie. (4) 

In Section 1 we make some introductionar,y remarks on the 

superstring E6-model, tben write dawn a Lagrangian of the Z' inte~ 

action and the effective neutral current Lagrangian with the 

ZO_z· mixing. 

In Section 2 the Z· oontribution of processes (1}-(4) is 

found. 

Section 3 contains the results of the quantitative analysis 

of this contribution. The influence of the zo_Z' mixing and 

the schellllll of Byametry breaking at the intermediate scale is 

studied. 

1. Beutral Currents in the Superstring E6-!!2S!! 

In the low energy limit of superstrings under consideration 

the gauge group ~ breaks down (via flux breaking) to a subgroup 

of rank 5 or 6 /1,3/ 
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G = S(lSC)( S~L)( U1y JI. V,,! "((III}: 5 (5)s 
&6 == SVaeX$U2LXl!tyXU"t/lilU,{ "fait}; 6. (6) 

The subgroup of rank 6 may bave otber versions, but for our 

aims it is enough to consider the above one. The subgroup of 

rank 5 is unique. 

Imbedding to E6 is determined by the subgroup chain: 

(7)ES :J 50",0)( i1.t", ::; SUS)l'U,,{xU.,.p. 
In tbis case 

&U5 ::7SU,3Cx S0J... J( UfY. 
Oonsidering the subgroup of rank 6 we obtain two additional 

neutral bosons Z f/I and Z ~ • We shall suppose. however, that 

there is an intermediate scale M.:r """'1010- 11 GeV at which the 

spontaneous breaking of the subgroup tr6 occurs. This breaking 

can be induced by non-zero VEVs of the scalar superpartners 
C

~', n of the fields ')) and It from the E. of E6 (see 

Table 1) transformed under (SOlO' SU5) as (16,1) and (1,1) 

respectively. One can show that it results in one "ligbt" Z'

boson /4-6/. The corresponding extra U1 generator is 

Q 
~' 
(8£6) = QepCfJS46 + t~\Sln (;)£61 (8) 

Q*p and Q'( are the generators of UtI/' and U/i • The eigenvalues 

of Q~'l for tbe fields from the E.. are given in Table 1. 

Bote that ~.(4)=- ~(Yi<) . The angle "E6 is deter

mined by the VEVs <it> and < ')ic> , i.e. it parametrises 

the scheme of the Byllllletry breaking at the intermediate scale. 

The generator QZ of the subgroup U'? (5) /3.5/ 

4'2 == -{lQtp +/[Q{ (9) 

can be considered as a particular case of general formula (8), 
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aince 'If .. Q 
~F 

(142.240 
). Let us write out the neutral current 

lBgrangian 

- .lIVe = 	 !£jt y;1I--r 9/£; ;r:, (10) 

where 


3- - 2 I - ~ ~
0t =f ~DrQ'Pi: :rt ~~ (9v 1-9A 05") 4];, 
J I - ~l t -. ~;,.' (11) 

~ = .f ~~W(46)~=£t~~(9V+~AOS)~. 
Summation goes over the ferlllions f;rom the 11 of E6 • Q:i!! = 

I!JL - XiV Q4m ia the SY "charge" of ferlllions. Xw.= sln.2t:tv • 

Table 1. Quantum members of the fields from the 27-plet E6 

Left 	 QemSOlO SU SU3C field 13L Q'i5 	 Q-t Q, 

16 5" 	 -3 0dC 

113}, e -1/2 	 1/2"3/2: 1/6 
1/2'Ye 


10 3 d -1/2 


3 u 	 1/2 2/3 -1/3 -1/2{1;6 \1/64" 5/2 

3 UC 0 -2/3 

C 


-1/~ 

e 0 1 

~c 0 0 -5/6 -5/2{176e 

hC
10 5" 3" 0 1/3\ 

E -1/2 -.[1/6-: J1/6 
1/2"E 

5 3 	 h 0 113 \ -1/3~ 5/2 

EC 1/2 -: 1213 \1/6 
NC 

E -1/2 

"'" n 	 0 -5/6 0 1/3f1O 

4 

The atandard notation 

Oi /1£ L' 
(12)d ~A = IJ(j"+ ~c 

is used in the formulae. Table 2 lista the axial J?~ and 


vector gv coupling conatanta of ordinary ferlllions. 


We shall use the following relation tor gauge coupling 


constants: 

e#1= (XIVj "'" r'1-XW ( 1.3) 

Thia formula 113 justi!ied by the renormalhation group 

analysis /8/ and corresponds to the E6 unification for groups 

G5 • 6(5). (6). 

The mass matrix of the fields (Z.Z·) is non-diagonal in 

the general case (; 2 2)

:2. M" (M . 

ft1 = i 112. (1'11'2. (14 ) 

This leads to the Z-Z' m1.xing. Diagonal1sing matrix (14) we 


find the fielda Z1 2 with a definite mass 


1,1 )' ( 41s " slq B ) / il-) 
(15 )(~; ::: - jJ1, lJ UJ$. e-/{2'. 

Table 2. Axial and vector coupling constenta of ordinary 

ferlllions (The notation '11= f;ffClJ5 f)t;', 

l:::: 2"/l"!:''nf)U. 1a introduced) 

Z·Z'
gZ gv gA.!Field g: A. 

rank 6rank 6 rank 5rank 5 

0 0 2(~-l: )u -2/31/2-4/JXw 1/2 

d -1/2 -1/6-1/2-1/2+2/JIW 2('))+~ )-4f 

1/2 2(»_~)1/2 1 -2/3V at 
e -1/61/2-1/2+2Xw -1/2 2('V + ~)4! 

!} 



Tbe masses 	and tbe mixing angle are expressed through tbe initial 

parameters ~22 I ~ tlM212. 
2 fJ. liM M2.:::: M + /

NI .=:::. No - 11111 -M;' 2. () (/t(~2._ M:.;) 

h 2 2))/ (16)


ton 2[i "" (No-Nt '1(11;-H!). 
For the models witb SU2L-doublet and singlet Higgs fields the 


following relation is valid: 

.2. 

~ Hw 
No = -I 	 (17) 

- Xw 

For XiV. Sin2 {}W"' O.233±O.003±O.005 /9/ we find 11 • 92.21 ± 
0 

2.45 GeV. 	 In tbe superstring E6 mOdel tbere are two SU2L 
doublets (H, H ) and a singlet If of the Higgs fields. In this 


case 


2. -2 	 2. -2 2
$~/=.vx::4'b.-1J l}/f\::')l2 117r.f1J" +25".1( (18) 

IV 3('2r2.J.1r)' {I / (I ..9(i?+~)' 

where '11"::<11°> -;(Ni>, '1Y=<IIt1>=<~G>' X=<N)'E!!. 
.... """'c 	 "'" ""<It.>; NE , ')IE., n are the scalar superpartners of the 

respective fermions from the gz (see Table 1). 

The effective neutral current Lagrangian with the Z-Zt 

mi%1Dg follows from the initial one (10) and bas the form 

~H 4'-( --r!2 ., - -2 ) 
.i1llC = fI .fv;E -I- W~J;J!+(fJ~//, (19) 

wbere 	 .p = ~h.I: c.c>sfB + ~IN}SiJl 
2
(), 

6' = .KW ( NIIl'.M.,2. r>in2l!? + ~~M22. ClJ.S
Z8), 

W = !). ~iIl.2{) iiH, ( Nff//tI; - No~~. 
Switching 	to tbe particular cases of interest we are thus 

c-> 
able to find the effective Lagrl!Ulgians of ')Ie interactions 


'Ve _ 2 ?_ _ ~ U:r 

-:lAIC - f2 V'f;«lrOs)yeO,.(!v '(e)+#A (e)lfije (20) 


6 

and of neutrino-hadron (t;;Jj ) interactions 

vII !2? ._ 	 e:H 
.iNC = 	 ff 'Vor (1+;rs))} .;; (HJ. 

(21) 

Here the effective quantities are introduced: 

«) eh(e) = QQ.2: /2)1- ~Q~ (e)f1 
(J l1A <1~A <7 I 

~11 :z ;ll II",'l (if) 	= Q;;; (If) + ~~ (UJ, (22) 

2' ~ ~I 

where a -f +4:) Qy (I)EJ, b = '2 +- 2f.;Q')I (Sa:), 


~(' 1 J;; 11l . /\<:9.., ()I1J =6'(/CDS/)EG"" 2' 2. SIll ~E'. 

~/'i: I (_) (_) (~) (-) 
G'~,f(.e) for ~e~,.e az:e given in Table 2 • .for ~e7~e 

9~': /e,'1e)=9::/re)+I.. ':!(I/)are the badronic components of 

currents; it is suitable to parametriae them displaying their 

isospin and space-time structure, /10/: 

:r..'(H) = ell(U~IJ_ "iiftt") +t;(iiljllsLl- 4i}-trrl)+
~ 4 	 , 

+ 	f'{iiftll -I- d~d) + f(ii/fio:;,,+;;j~lsd)+ .... = 
= 	olJ 3 pL' ~ a,:., S "it' $ (23)

T~ +r} + .2. ~+ TAI"+ .... 
(i • Z,Z'. eff). The dots correspond to the contribution of 


beavy quarks. It follows from (22). (23) that 


'-H eH- .illtll , I 

(,x, " I ~(W)=Q(<<f~,:;fj~ft,~/,~-:('·(24) 
Ifow a way of taking into account the Z/ contribution in 

(-) (-)11 
le and ylt IfS interactions is given by the substi:tutions 

IH ;> eH ~ ~ -t,I:}
j;;Ate)-+$'14 ; "'/,(, ')-+«, f ~ ~ , j> (25) 

7 
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in the relevant tormulae obtained within the SM. The parameters 
~t' 2-~' Zf)2-' .1-:t: 1 

cl " P 	" 7f ,'(' are in Table 3. In the Appendix thereJ 

is a list ot some usetul relations between the neutral current 

parameters. 

Table 3. 	 Isospin structure parallleters ot the badronic current. 

(The notation )J:::: Y61f~$9 E6 ; l =. %.1f6S'in tJE& 

is introduced) 

Paremeter Z Z· 

rank 5 rank 6 

c( 1 - 2XW 1/2 4'f 

I 
0
)' 

1 

-2/:fl.w 

0 

-1/2 

-1/2 

-5/6 

-4 ~ 

-4 ~ 

4").1 

2. Elastic 	Form Factors ot Nucleons 
(~) AI 

To calculate elastic ~/Y scattering one must specify 
f!H 

the matrix 	element ot the current entering intof 
Lagrangian (21): _ ( eH- 2 


<fl" /J;1D)!f''') == lI(t,2) 'If Fy(f.r,) (Q9 

~,.'1v ItH z ~# z>j'lI(k (26) 
- 2M FM(/lJ1Ij(QV+frs-'A(f7rtj(Q./ 1). 

The problem is to tind torm tactors (FF) F~tt. We establish 

their relation with electromagnetic FF F1 2 and the a%1al FF 
CC •FA of the charged current. The standard detinitions are 

eM r p,n 6'p~D II "/II
<f,'11 fJj.,ro)/".,,> =ii(lj)LfF{ /tI)- 5Jt F; 1~'j}U(K,), 

1.;.t'2 I - cc<p I AJ'f 	 (e) n):::: U (l.j)'lr os 1.1 (k-4) FA (ttl, (27) 

<II! A; (o)/N) :=! u{k1)~rS"lI(kJF;/((J~. 

8 

One can write down on ~he basis ot the cve hypothesis and iso

spin symmetry considerations: 

.3 ~"fr em
<f/~{D)lf>= -<,,/~'(o)Jn> =TL<p/~(~)lf> 

(28) 

.3 	 - .(hlJj"'{rJ)/h)"2 

<~"/A~rtVJf')"> =::ti <pi Aft fl-l2ro)/I1>, 
For the badronic current~' (23) we find from (26)-(28) the 

following relations: 

{~(,qn)((/)"t«<~3,9F.t,:;tI)-ff«~3,?~2"'~~:J~ 
FA~)'I) (Q2)=:rIf/fAC

yc/) + ij~r;/(rI') 
(29) 

A
Y/-lY 5 

!\,c,b,t, ... 	 A .. '.b.t .... 

-.-o~[h- -.-o~[h-
a) 6) 


Fig. 1. Contribution ot heavy quarks to axial (a) and 


vector (b) currents. An example of the lowest 


order diagrams. 


The correction ~ is due to the contribution ot heavy quarks 

to the axial current /11/. The corresponding diagram of a lower 

order is given in Fig. 1a. According to Woltenstein's esti 

mations /12/ ~ = 0.1Z0.15. A similar contribution to vector 

currents is small O(~:) ~ 10-3• since in a lowest order it is 

determined by the three-gluon exchange diagram (Fig. 1b). To 

determine 	the Q2-dependence ot FF. we use the relation: 

9 
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Gc,.((/)!::':: '"Mr(t/)~f~~,pt)~n~ GEI/4>~ ~~ (0) 

r;Srr'1 =.a~CC(,.2\ 	 01 )A ((..I 2. A ~./, 

,f., • 2.79, .Jilt = -1.91 are the proton and neutron magnetic 

moments. Relations ·(30) are weU known. How we explain formula 

(31). In the region of small and moderate Q2 it can be justi 

fied from different pOints of view. In partioular, the oOinci

dence of the Q2-dependence of ~ and ~cc follows from the 

bypothesis of ~ -meson dominance in axial current. Prel1m1.na17 

estimations in the approach based on local duality in QCD 1131 

also indicate that this formula is a good approximation in the 

Q2 region considered. Slight deviations from (31) result in 

negligible corrections to (29) because of f and 6- are small. 

Thus for our estimations the accuracy of relations (30), (31) 

is quite sufficient. 

In this case we obtain from (29)-(31) 
, , 

'V;JWI)«l):::::;t[t;;YI+!ic)-~fIl7J;:Ef'{')/(1fr;), (32) 

'M~p''Y(tt=:t[t;/ftif-t)-t;;~/fJ a-E!'{rt)I{'"~ 


F/ Itt) - :!.[~(I~~~fiJ FAc.c{Q~

A{!IY 4 

" 	 ~2 
where f!t.'=f(IP::J;~I.); 'Z"= ~MZ.; II is the nuoleon mass. 

The normalisation constant ~ can be oalculated in the non

relativistic SU6-model: ~ • 3/5. 

3. IlanUestations of I'-Boson 

To estimate the Z' contribution to processes (1)-(3) pro

perly, it is desirable to represent the result in the form 

weakly depending on uncertainties aroused by the nucleon and 

nuclear structures. 

II) 

(-) (-),uFig. 2. Diagram of d1ffraotive 
(coherent) neutrinoproduction 

(n)I"j: A",of A~,'p°(L"-mesons. 	 v • 
II" , 

~ N (A)N 	 (A) 

The processes of coherent neutrinoproduction of ]to -mesons 
'" JJ""on nuclei (2) and diffractive D,eutrinoproduction Of" ' VTI 

mesons on nucleons (3) are described by pomeron-exchange diagrams 

(Fig. 2). Ratios of their cross sections to cross sections of 

the corresponding charged current processes are simply expressed
l 	 ,\

through the parameters of the badronic current ~ (H.)/1 01: 

R. 	~ olt!4~t'Jr'>A) _ fis~: 

1l ()(t!4 -J> jt-i" .z3'1) - 2 (3) 


R.dl/lt,= (5'(~,#~f;'A;)I) ~i.)2_ (34) 


A1 0- ('5}N,-+~:FA:t'AI"J - -r~ 

" 212 ""Dr_ 6"(~Jv ..... ~"<>AI) = "I.), (35) 


fO - fY{ r;'IV·~}t;:ffN) 2 

Cancellation of dependence on the structure of nucleons and nuclei 

participating in the scattering is due to the bypothesis of 

pomeron exchange dominance. 
(-)

Cross sections tor elastic If N scattering (1) are 

determined by PF ot the Same current ~~(Ij) : 

:J:: 2. cJ,'2 £ '1:fll = ; '[(ly(,,~:tIj("1 ~ (f-:/)(Fr~")~ ~(~~2t-
,,(~. 2. • !I. '0 F ' 


+- 94E~ ~J-(fv{'JlI)]+ IL (1-;)21-1 ~(f?r9 + 
(J6) 

+j (Fv~J-V +i-~~'J,,)":ff~J'I))s2 ~~/n)7~~!Jh}L 

]) 



)J 
where [; is the neutrino energy, ¥= iF' ')) is the energy 

transfer to a nucleon of mass M. 

On studying manifestations ot the Z'-boson it is suitable 

to analyse the quantity 

+.4<: -Ne
clcr,." cI.(5p,1I 
- - - +NC -NC 


_ fief- clG
2 

= (f""-tr~,, = rr;/I""-iTI'II,,) It 

()7)Ll"l1- clo+C( f/.tL-<C {J'-fCi:.-&.-CC (;tJs2.~ c,,r>-I'Jt)

:::.::Ji¥l__'?'JIJ f,n"" ~ 


clQ2 c:JQ2 


I( ()(~H~) -r,,). 

This forlllUla tollows from (32), (36) and is an analogue ot 

the well-known Paschos-Woltenstein relation tor deep inelastic 

~)II scattering /14/. The basic property ot this relation is 
("-> AI

that it connects the combination ot ~ I' scattering cross , 
sections with the neutral current ft parameters, in particu

lar, with sin2 eW ' this connection weakly depending on the 

model uncertainties aroused by the nucleon structure /15/. 

Let the relative value of the Z' contribution be given 

by the function 

A(:1+~~-A[:i)
't(A) = A(.v ~ (J8) 

where A(Z+Z') and A{Z) is the characteristic A calculated with 

and without the Z' contribution. It A is measured with a rela

tive error fA smaller than "t.(A), a manifestation of the 

Z'-boson can be observed. 

We obtain trom (J2)-(J8) 
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u.f (p~J2- ./fIjr., 

't.(TfC)!!IE t.(IlK6)= (,.iJl- f; 't(A/) 5' t{IlA., ):"C{r0 (39) 


~':a ~(IJ.:/!:r) ~ ("4'fJ/{a.~)2 -1. 


t(F.. \ _ r+UI-(1+I'';1:) -/"* 4'7F-/'i/f T 

v.~- -( (40) 
,. r;:t-("+iI,t:)-t.:t-~lIr " 

"t.(~;).- ¢r!?-f)-t:tHlln _ 1 

~ r;.~ {tr 1)-1:.':1fin ~ 


(41)"L (~ J= 'X! tH+ e)" ,. er.r 1 
p. :H!+-I 

'!. (A J =- 'I (,+t.Hflf-t:~n)(A(1J ~e)+,..e.H) 

f. [(I.:..ljKw)flr !',,]{A~+1J-1' 

Por the reasons mentioned above the given estimations 

weakly depand on a model ot the nucleon and nuclear structure. 
(-) (-) 

Considering ')I~e , vl'e scattering we shall study the 

tunc tions Af,(f)t e \= ¥. (tJ1.-' ) • 
I""'Je / vlIJe e -' 

~(~-~)= t(D}.e-O~e1,'t/~-~) "'Z(O¥f - O"~e) (42) 

Let us reter to the results of the quantitative analysis 

of the Z' contribution to processes (1)-(4). In Figs.J-7 the 

dependence ot functions (39)-(42) on the Z2 mass M2 and the 

Z-Z' mi:J:1ng angle () are plotted tor three values ot the 

angle ~E6: O~ 142.24~ 1C/2. 

Now we describe some general properties ot the curves 


in Figs. 3-7. 


1. If M1~=Mo' there is no dependence on the Z-Z' mixing 

angle [} and all curves plotted for its d1!!erent values in

tersect in one pOint. As seen trom (19), in this limiting case 

f · 1, W '"' 0, 6":.:X'W for any e . 

I :l 
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2. At some ~ the ourves are out off. The out-off value of 

~ is smaller for the 1arger~ • ~his is due to the experimental 

limit on the ZO_boson mass YZ = M1 • 91.8±0.9 19.161 (Y1~Ym1n~ 

90 GeV) and follows from formulae (16), (17) 
L 2 

}-II. <::. ""IV _ "'.;" . 
1 (I-XIll)si1)tJ t"-,,Z{) (43) 

J. It [;) = 0, the Z' oontributiOll grows as ~ deoreases, 

while the situation oan be opposite at 61 ~ 0 and suffioiently 

large ~. 

4. In oonolusion, noteworthy is the dependenoe of the 

behaviour of the ourves on the angle () E6 parametrising the 
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'"w 

:300 

600 

~ 400 

~ ,... 
t~ 200 

Pig. 8. 

"-0.10 -0.06 0.00 0.06 0.10 0.16 0.20 
Z' Z MIXING ANGLE IRAD) 

Lilliits for the Z-Z' mixing angle and the z1 mass M2, 
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1 - contour obtai.ned in Ref. 17/; 

2,3 - contours corresponding to 1tJt). 3%. 1% 

4,5 - oontours corresponding to "eft) .. J%, 5%. 

19 



scheme of symmetry breaking at the intermediate scale. There is 

a special case I) E6 '" 0 when the interaction of the Z'-boson 

with ordinary matter becomes pure axial. 

Figs. 8-10 show the 111111ts in the Oil' I) ) plane expected 

from measurement of cross sections for processes (1)-(4). For 

the sake of certainty, the model with the intermediate group 

of rank 5 is considered, i.e. (j E6 • 142.240 • The permissible 

values of (~, () ) are in the regions 111111ted by contours. Each 

contour corresponds to a certain accuracy of measurement of 

the quantities given in the graphs. The contour obtained in 

Ref. 171 from the analysis of deep inelastic scattering data 

is shown in these figures for comparison. The comparison 

shows that the significant narrowing of the region enclosed 

with the contour requires measurements of the relevant quanti 

ties with an accuracy as high as several per cent. It is not a 

800 tilt! It 
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Fig. 9. 	The same as in Fig. 8 , but 

2,J - contours correspondiDg to "(( Y;t.f!) .. 2%. 1%; 

4.5 - contours correspondiDg to -c.(y: e ) .. 2%, 5%. 
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Pig.10. The same as in Fig.8. but 


2 - contour corresponding to ~ (llp) .. 1%, 


J - contour corresponding to 't. ()I _y )= 10%. 

'r 'r 

(-) (-) 
serious obstacle for studying elastic Vf' ')Ie scattering. On 

the other hand. it is a. difficult experimental problem to 

measure cross sections ot diftractive (J) and coherent (2) 

processes with an accuracy. like that. Nevertheless it is 

desirable to have data provided by measurements with accuracies 

as those in Fig. 6 it one is going to look for new physics in 

the region of moderate energies. in particular. to lOOk tor 

manifestations of the superstring Z'-boson. The above analysis 

clearly shows that the Z'-boson cannot show up at lower accure

cies. 

Conclusion 

The superstring Z' contributions to elastic (1), (4), 

diffractive (J) and coherent (2) processes can be quite noti 

ceable and does not depend on the neutrino beam energy. So it 
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is 	possible in principle to study it at oomparatively low ener
(-1,/

gies. Unlike deep inelastio )IN soatterillg, the above prooes

ses have a seleotive sensitivity to different Z'-oouplillg oon

stants. This is important for recognition and identifioation 

of Z' oontribution when experimental data are analysed. To 

enhance the reliability of this prooedure one will have to 

study manifestations Of the Z'-boson in a maximum wide olass 

of 	prooesses and make Joint analysis of data. Inter,estiDg in-
f-'dformation can be obtained, for example, from elast~o ~ 

soattering. It should be mentioned that PA(r)+ PA(lt} AI 0 in 

the SM (see (24», so the main contribution to the sum oomes 

from the new pbysics effeots including Z'. The results presented 

are based on the study of quanti ties and relations weakly 

dependiDg on model unoertainties whioh are due to taking into 

aocount the structure of nuoleon or nuclear targets. We have 

obtained relation (7) for elastic <y}/ scattering. It has 

the propert.1 mentioned and is an analogue of the Paschos- Wol

fenstein relation /14/ for deep inelastio C::;,'/I prooesses. 

The authors are thankfUl to Bardin D.Yu., Bilenkij S.M., 

Ivanov Yu.P., Isaev P.S., Kopeliovich B.Z., Osipov A.A., 

Radyushkin A.V. for useful disoussions. 

Al?PEliDIX 

Here we show the relation between different parametri 


zations of the neutral ourrent 
.;;c . 
Alongside the forms (11) and (23) there is a representa


tion of in terms of chiral oonstants
;;;:c 	 6L,R. (i): 

:r;'= =tt cL(r)~f~ r €,f{I)~ 1r ifnI. 

22 

The relation between parametri~ations is expressed in the 

following ways: I 


if. dt 
~(cV=~; ell{aC)=-~c ~ ~-~I 4\. 

/J 11" tal) - 6.1. (if) -::I:: ~/J.(rF).: 

01 	= <=t.{U)+61l (iI)-e/..{t.l)-tEtt ld) = #~(0-!1,Jd), 

I 	= G,.tJlj,- 61lt0- eL((t) -I- GAtti) "'" P./0-1A(d)" 
d ;:l c1.J0.,. €1l{tV + €L(d) I- S~/t!) ::; j;{if) +J"Cdj.; 

') 	 =- CL{") - ~~(0 i- CI.. rti) - ~Illd) = !tI (i{) +J'A-(4). 

~L{u) =~ ( tX+P+ 01- ?-) 

Gil (II) .... : (at- ,. + &'- .g) 

GLctl)m ;(-c(-f+I'+~) 

G/l.f'J .. : (-~-Ilf1-V' 
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6eAHRKoB B.A., KOBa~eHKo c.r. E2-88-395 
AonO~HHTe~bHwH Z'-6030H B ynpy'rOM H AH~paK~HoHHOM 
pacceRHHH HeHTPHHo 

B cynep'cTpyHHoH Eo-MOAe~H H3y~eH BK~aA AonO~HHTenbHoro Z'-6030Ha B ynpy
roe ("e-, ('IN-pacceRHHe, KorepeHTHoe HeHTPHHOPollAeHHe .o-Me30HoB Ha RApax, 
AH~paKqHOIiHwe HeHTpHIiHwe peaKqHH c 06pa30BaHHeM pO H A~-Me30H08. npoaHa~H3H
poBaHW xapaKTepHCTHKH H COOTIiQWeHHR MBlIAY ce~eHHAMH, cna60 3aBHCR~He OT 
CTPYKTypw IiYK~HOB H RAep. AnR ynpyroro (VN-pacceAIiHR nony~elio COOTHoweHHe 
alianorH~Hoe COOTHoweHH~ nawoca-Bonb~HwTeHlia AnA r~y60KoHeynpyroro paccea
HHR. 060cHOBalia q~e(!oo6pa3HOcTb 3KCnepHMeliTa~bHWx Hcc~eAoBaHHH BK~8Aa Zt 

6030Ha He TO~bKO 8 r~y60KoHeynpyrHx, 1'10 H 8 pacCMoTpeHHWx npoqeccax, KOToPwe 
06r.aAa~T H36HpaTe~bHQH ~YBCTBHT~bIiOCTb~ K oTAe~bHWM KOHcTaHTaM B3aHMOAeH
CTBHA Z' c *ePMMOHaMH. 06CYllAaeTCR npHHqHnHanbHaR B03MOlIHOCTb TaKHx Hccne
Ao.aHHM npH cpaBHHTenbliO HeewcoKHX 3HeprHRX. 

Pa60Ta BwoonHeHa B fla60paTopHH ~epliwx np06neM OHAH. 

DpenpllHT O6I.eUH_oro 8BCTIITJft JIJleplWl[ acc:ne.a.o..... lb'6Ha 1988 

Bednyakov V.A., Kovalenko S.G. 	 E2-88-395 
Extra Z'-Boson in Elastic and Diffractive Neutrino 
Scattering 

(-) 	 (.)
The contribution of the extra Z'-boson to elastic II N, lie scattering, 

coherent neutrino-production of If-mesons on nuclei, dlffractive neutrino 
reactions with po and A\-mesons produced have been studied within the su
perstring Inspired Ee-model. Some combinations of charged and neutral cur
rent cross sections weakly depending on the nucleon and nuclear structure 
have been analysed. The conclusion that it is reasonable to study experi
mentally the zt contribution not only in deep elastic processes but also 
in the above ones is substantiated. Possibilities of carrying out these 
invest igat ions at rei ai1ve 1y 'low energ Ies ~re discussed. 

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