
"' ------ .,::,y - "· I 

HH,lleKC 3624 

f; ,. f; -l_ IJ. t /> :h /> !J. /> ,, lJ. fJ /> p ), u s,. s II, ft s 
EPEBAHCKHPI rJJH3Hl/ECKHPI HHCTHTYT 

RDH-570(57)-82 

E.CH.CHRISTOVA, N.A.DADAYAN 

PARITY VIOLATION 

IN ELECTROEXCITATION OF GIANT RESONANCE 

AND THE STRUCTURE OF NEUTRAL WEAK CURRENT 

f;,. f; 'l IJ. t 1982 EPEBAH 



-·- "' -· .. 

~~~ ... ...... ..... 
. .-

© EpeBaHc1euu l/Ju3u'1ec1euu u Hcruryr, 1982 • 

-rlc .. . ' 
I' 

The results of experiments at SLAC [1 •2] where P-odd 

asymmetry in deep-inelastic scattering of longitudinally pola­

rized electrons on deuterium was measured, and a number of 

optical-rotation experime~ts in atomic bismuth(J,4,5] and 

thallium (6] undoubtedly testify the existence of parity-non-

conservation in electron-nucleon interaction. The basic task 

of the theory and experiment is to define the stri.tcture of 

this ·interaction. 

In numerical estimates of the observed P-odd effects in 

atomic bismuth there is still no agreement between differ~nt 

experimental groups [7 •8]. In this connection the further in­

vestigation of P-odd effects in lepton-nucleon processes is 

particularly important for understanding the structure of 

neutral weak currents as well as for the check of gauge theo-

ries of weak and electromagnetic interactions. 

It has been shown [9-11] that the parity-violating part 

of weak interaction due to the neutral currents may be detect­

ed by studying P~odd effects in scattering of polarized elect-

rons on nuclei with excitat i on of discrete levels of the lat-

ter. One of such effects is the difference in differential 
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cross sections in the scattering of -left- and right-polarized 

ini tia;J. ele.ctro:i:l.S on nuclei. The knowledge of nuclear quantum 

numbers and, therefore, of selection rules allows to investi­

gate in de.tail the structure of neutral currents · in processes 

of electrpexci tati<>n. of nuclear l .evels* r. 
We discuss in this paper the P-odd as;ymmetry arising due 

to interference of electromagnetic and weak amplitudes in in­

elastic scattering of polarized electrons on even-even nuclei 

with excitation of the . giant resonanc~ levels: 

e+A- e+P,11-
( 1 ) 

here A* is the excited state of the nucleus p. • ·NU!li.;;:;;l.;;al 

estimates are · obtained for the as;ymmetry in Weinberg-Salam mo-

del 114). 
. 

Nuclear matrix elements are calculated in a genera-

lized Goldhaber-Telle~ model ~5, 1 6]. 
It is also shown that the ·measurement of P-odd asymmetry 

in inelastic scatiering of electrons with e~citation of diffe­

rent giant resonance levels allows to determine .in a model­

independent way the structure of the parity violating 

Lag;rangian. It should be noted that the model-independent ana-
' lysis· of the available data on P-Q.dd effects in deep-inelastic 

sc~ttering of polarized electrons on deuterium and in atomic 

systems doesn't. yet allow to determine unambiguously the struc· 

ture of . the parity violating e- N Lagrangian [ 17 '
18

] 

*) High precision experiments with polarized electrons at re­
latively -_ow energies ( E.:: 100- 800 MeV) in wh<i.ch P-odd 
asymmetries pf the ord~f~·1f)5_ 10-7 will be measured are in 
prepa~ation at prese~tl t ~ 
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Assume for the parity violating effeotive ·Lagrangian of 

interaction the following general '. form [19] : 

~PY::-:. {e<f"'e[~ A!~ s A;]~ e ¥~ ~5e[J' vl ·~ v;]} . (2) 

~ .. 3 0 

Here VJ.. and V rJ.. ( A.1. and fl al ) are the third component 

of isovector and isoscalar parts of vector (axial) weak neut-. . a: N ,.., 

ral hadronic current. Z, p, ~ 1 0 are four real constants 

that should be defined from experiment. In the Weinberg-Salam 

theory the values d, p, ~ and '& are: 

.... . l ) 
r).,: - ( 1- C ~UL Ef w - 2 . a.G Y - - ~utt. ,_, . 

0 - !> ... •) 
(J) 

"' a f.> = - ( 1- 4 Si.ti f9w) i 8 It 0 

The P-odd asymmetry for the scattering of electrons with'lon-

gitudinal polarization .A on a nonpolarized targ~t is de-

~ined in the following way: 

.:It 

d6 ) where ( q.Q. ~ 
or left-hand 

.d6 d6 
dS2'"~-1 dSl ?-.=-1 (4) = dEi cM 
- + ·-dSl 1'= 1 dSl. ). :-1 

is the differential cross section for right­

polarized electrons. The leading contribution 

to the asymmetry is given by the interference of weak ampli­

tude, conditioned by the interaction (2). and of corresponding 
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electromagnetic· amplitude. 

Using the multipole analysis for a unified description 

of semi-leptonic weak and electromagnetic processes on nuc­

lei [2o] we shall. obtain +.he differential cross section of the 

process (1). It . ~urns out [21] that the expression for dif­

ferential cross section includes the ·same nuclear matrix ele-

ments of multipole operators that define all electromagnetic 

and weak trans:i. tions between the ground and excited states of 

nucleus. We shall consider the transitions from a ground state 

of well-studied even-even nuclei (e.g., 12c, 160, 4°ca) to the 

negative parity levels 1-, 2- with the isospin T = 0.1. 

Nuclear matrix elements for these transitions are easily 

calculated in the generalized Goldhaber-Teller model [1 ~ 
Standard calculations result in the following expressions 

for differential cross sections for various giant resonance 

levels: 

fT=1 s·o · · a· 
(;~)' '= 6"{1+a:>i:s>;}·{1+(i+tf ~ )<1~~6a}{m]a, 
( 1-,i=f,sd i -c. 9a ~ -a 

\~Q J ~ 6M{(~fd'}e ~)~a ~T +c7'j[J(29a+t~ ~)~~ ~-

_i>:t a8 E+E' <J.A]x J-lq .[m]a 
y ~ c M 2. c J ' 

{~(, 1~T=O,S: 'f { q°2 . i!. f) -2 JUs . . - qa 2 & 

\dSi:) :: 6M (cqe +t~ T) ~~ e + c A.f>(o (2.~a +t~ ·T) " 
-2 I a 
q .f's ~ J. · ~ e E + E ] Jlis l [m] · 

x Ma T - o L~ T r::T ~ J. J 
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d6 a-,T .. f,S=-i .(d6 1°,T:i,s:1 

t-) ·. :: -) ' d.52. . q.Q 

( ~)·C.-,T:O,~:'f. dG 1~T=o,S=1 
. dst - ( d.Q ) 

(5) 

Here 9 :. K - K ' , where K and K' are the four momenta 

of initial and final electrons; and the nucleus excitation 

energy is o = ~ - E ' , where E and E ' are the ener­

gies of initial and final ·electrons; A is the longitudi­

nal polarization of initial electrons, 

G qa 
f =re c.fi'd. 

ae 
<:J..

2
Co>:. e 

6
M: 4Easi.~ e 

Jllr = 4.706, JUs = 0.88 are Lsovector and isoscalar magne-

tic moments ·of a nucleon; : ~A = -1.23 is the axial-vector 

constant, M is the nucleon mass 

[nr]*) .::. 
q2 

a - a) . Fo ( 9 ; · 
2.91 MS fl 

F0 lqa) is the elastic formfactor of nucleus, fl is the 

*) It should be noted that in the generalized Goldhaber-Teller 
model the nuclear structure of matrix elements of the mul­
tipole operators is expressed via ground-state charge form­
factor F

0 
( Cj<!.) 
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atomic number of nucleus. From (4) and (5) we obtain: 

1-r=LS:o ..., 
(fl) I ; 2.gd..; 

(6) 

<")Mt.a2~ (f +()~A) 1- T ="1 ' S" 1 ,.., ,.., ..=.c..:....:__:L<I ---::2.~-----;---
(.ft) ' = e._p(oL-P (1+et~' ~)9gJUT (7) 

i·T:O,S:f ~ 

(A)' "2.s>(~-& 
4Mt{~ (f+E')_). 

'1 2. e ) - ' \ + 2 t<J- ""[' 9 JU!> (8) 

Thus the information on the parameters ;;:_,fa, ~ 1 5 
may be obtained from the measurements of asymmetry on diffe-

rent giant resonance levels. As is seen from (6), the· mea-
1~ T= i 5•0 

surement of the asymmetry ( fi: ) ' ' defines 
~ (11.)1·,(C?:),T=1,S:1 

constant J., • The asymmetry .rr (7) 

the 

is 

expressed through J:, and ,ft) • For an accurate measurement 

of ~ one should estimate the value of kinematic factor at 

• As is seen from (7), this value slowly varies with the J ~ 
scattering angle e and dJ'.ops with the increase of initial-

energy of polarized electrons. Measuring the asymmetry aris­

ing at electroexcitation of isoscalar levels ( T = 0) of 

giant resonance [22] it will be possible to define the combi-
,..; 

nation of the constants ~ 
and o (8). Numerical esti-

mations for the value of discussed asymmetry are obtained 
. ae i n the Weinberg-Salam model (with ~ttt. 1lrl = 0,23 which is con-
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sistent with the +esults of Stanford (1] and neutrino experi­

ments [23] ) , In fig. 1 (a, b) the dependence of the value of 

expected asymmetry on the scattering angle e is presented. 

This asymmetry is summed up over giant resonance levels 

1:rd; S:;Oj CT=0,1;5=1; e·,r:o,1; 5=1.For the initial 

energy E of polarized electrons the following values -were 

taken: £ = 100; 200; J00; 500 (MeV). For the excitation ener­

gy & we have· taken the mean value equal to 20- MeV (15]. 

As is seen from fig. 1, the asymmetry increases by the absolute 

value with - e and E • For example, for E = 200 and 

e = 150° ,_ .fl: =-1,4 x 10-5; e = 10° .ft ::-0,5 x 10-5• 
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Figure Captions 

Fig~1(a,b) Dependence of' the asymmetry .1f , summed Uf over 

the levels i-, T= 1, s ::o.) 1~ T:: 0,1 i S::f; e:T:o0,1; S:1 

on the scattering angle £} • Results are presented 

f'or initial electrons energies :E=1 oo', 200 (Me V) 

(f'ig. 1a) ;E:JOO, 500 (MeV) - (fig. 1b); 
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