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On the Parity Violation Effects in Deep
Inelastic Lepton-Hadron Scattering

The parity violation effects in deep inelastic
scattering of polarized leptons on nucleons arizing due
to the interference of the electromagnetic and weak
umplitudes are reviewed. A phenomenological discussion
of the relevant asymmetries is given. The expressions
for the asymmetries are obtained in the parton approxima-
tion. Numerical estimates are given in two difierent
SU(2) x U(1) gauge models - in the standard one -=nd in a
vector-like extension of the standard model ui$ﬁ pure
ve2etor neutral current of the charged leptons.
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1. Introduction

The correctness of the general stratcgv of the pauge theorics
of weak and electromagnetic interactions has heen remarkably con-
firmed by the spectacular discoveries of the neutral currentsl/ and
the charmed particleszl.

Further important test of these theorics would he the discovery
of a weak lepton-hadron as well as lepton-lepton interactions which
naturally arise in the gauge schemes. There are many proposals to
search for such an interactions in

I, deep inelastic lepton-nucleon scattering 3-6,24/

bF+ N —0F 4 X /f:e,/u-); (n
7/

14
- : + - s
3, purely leptonic processes in e € collisions 8/,

2, atomic transitions

N + - c s
4, lepton-hadron processes in e e collisions 9/.

The first experimental study of the reaction (I) with polarized

muon ro/ and electronII/

beams has set an upper bound of the parity
violating asymmetry approximately by an order of magnitude greater
than the value predicted by the theory (in the experiments To, 11/

it was obtained : G°=(6:tIO)G and GO<IOG,respective1y; G, being
the effective coupling constant of the parity-violating interaction)

Recently the first results of two experimentsIz on the possible
parity violation effects in the atomic transitions in 209Bi atoms
have been published. They appear to indicate that the parity
violation effects in heavy atoms are smaller than those predicted
by the standard theory 13,14/ of weak interactions,

The present short review is devoted to the discussion of the
varity violation effects in deep inelastic scattering of polarized
charged leptons on nucleons. The parity violation effects in these
processes are due to the interference of the contributions of the
diagrams with exchange of a photon and a 7%-boson and they have an
order of magnitude characterizeg by the narameter

\.P:/%,‘z—%o(_:/’é.loyfﬂ’" 2)
where 4 is the proton mass and zis the square of the momentum tran-
sferred to the hadrons, At present an experiment on deep inelastic
fL-N scattering is under preparntionls/ at CERN SPS.



The cxpected range of values of 2 to be reached in this experiment
2< SI’.)()((‘eV)2 The narity violation effects can be of an order

of a few per cent for?>100((‘eV) ,thus being measurable in prine
ciple.

2, The general expression for the differential cruss sections
of the processes bF N bF 4+ X

The effective Hamiltonian of the weak interaction of charged
lentons and hadrons can be written as

_& o(“J“A' )
' = 1A
M=% )@y +g,¢J; (4

is the lepton neutral current and » 1s the weak hadron neutral

(V;t) current, In terms of the quark-fields one has */
A
w =Y +a —Zq%,_(u‘+a15)q ()

In the standard theory of weak interactions the constantsjv' ”
U’i and Q_are given by the expressions:

llere

v, %L~§Sm O, Qu=% (6)

vg..-._ j-.w-z:" W ) ay=-£
¢tc., whereé & 1is the Weinberg angle,

The relevant diagrams for the processes(I) are shown in Fig.I.
The corresponding matnx elements have the form

<f/\5/(,> =*CA ; [cc(/c)]“_“(fc)ﬁu /J"’“//p>-

- Y G, £ s 4l <p (oA //o>kac) 5(p /07)

Here J Tand J are the electromagnetic and weak neutral hadron cur-
rents respectwely, A/ is a standard normalization factor, 4 and &'
are the momenta of tl;e initial and final leptons, is the momen-
tum of the initial nucleon, ‘is the total momentim of the final
hadrons, and the parameterJ) is defined by the equation(2}.

N
/Note that only the diaponal terms of the weak neutral hadron
current can contribute to the interference of the weak and electro-

magnetic amplitudes which is discussed here,




Note that the matrix element for I;*-scattering can be obtained from
that one for £ -scattering rep]acinpc?A-a_

Using the eq.{7) and keeping only the contributions of the dia-
aram in Fig.Ia and the interference of the diagrams in Fig.la and

Fip 1b, we can write the cross sections of the processes(l) as

/d? du) é[ aa {’ +J°[(jd * 9% )+’l(5 3 A-V]f ()

Here is the cross section of the processes (1) in the one-
photon aﬂproﬁmatxon,\?h %, A is the longitudinal polarization of
the incoming leptons, and dvand ctA_are defined as

I
L (k1 W, e w' wl
ol =_'f__ .'_____15 , o = ﬁfa'f i é Y
Yo Lk, mIW " AL (kxIWE
where f X 5y N

. , 10
(e, k) =K R = 8 [ KS) + K oo (10)

" W;’ﬁ——(zlc)"-ﬁﬂz‘f< 1T 9o></:l.7 fo>5/ofuf)cv
W =~(27t) E—"Z‘_/[(/O/J i/ ></0/J //o>+

f fP s /ID>< / :‘m/ >]6‘2_1Z:?)dr
As is easily seen from eqs.(9 (12) the sy ical part of the ten-
sor M{'I contnbutes to the quantity o( while the antisymmetrical
part of l\/ contrihutes respectively too( . So the contributions
of vectofand axial-vector parts of the weak hadronic current to
the interference term in eq,(8) are characterized hy oy and d'l s
respectively.

1t is obvious that the first two terms in the square brackets
in eq.(8) arc due to the interference of the one photon matrix ele-
ment and the matrix clement of the parity conserving part of the
Hamiltonian (3): = /—n?.(b"e A& Qea )
while the last two terms in the square hrackcts in (8) are due to
the interference of the one-photon matrix element with the matrix
element of the parity nonconservmg part of the Hamiltonian (3):

2, =Ea(yqt ralyh).

We are going to d15cuss the possxble experiments which can give
evidences for the existence of a weak interaction between charged
lentons and hadrons, Consider firstly the expneriments with leptons
of a fixed charge designed to measure the dependence of the diffe-
rential cross section of the process (I) on the lonpitudinal pola-



rization A . In such experiments the following P-odd asymmetry
s measured: ({ O'r) cl o—;)
4 =1 ==1

A ;z?;dl} dqap (13)
* (c .0) A=1 (?_‘iiu)/l--
From (8} and (IS? it follows that
,4:; :f((c/v""ft £ g.el,) (19

1f the nsymmetryyt_(or;{ ) is different from zero then one should
inevitahly conclude that the parity-violating interaction between
charged leptons and hadrons Yjocs exists,.Note that in general
A_# fti— .

Let us proceed to the possible experiments on the determina-
tion of the difference between the cross sections of deep inelas~
tic scattering of leptons with opposite charges on nucleons, EFirst
of all, it is clear that the interpretation of the results of such
experiments requires a good deal of knowledge about the interference
contribution of the one~ and two-photon exchange diagrams to the
relevant cross sections. We shall not discuss this problem here,

It is worth-while to note only that the two-photon exchange contri-
bution can be evaluated in the framework of the parton model 16/.
Consider now the asymmetry arising in the scattering of unpo-

larized leptons with opposite charges. Using the eq,(8) it is easy

to obtain dlo‘ (d 0, )
clg Civ ) =0 v /A=0 o
Z iﬁ - {I5)
(da_),uo"'( ) =0 faga

If (after the 2;o—photon exiﬁgnge contribution is taken into ac-
count) the asymmetry C is found to be different from zero, then one
can conclude only that there is a term »
acfaxf (16)

in the lepton-hadron interaction llamiltonian, Certainly the measure-
ment of the asymmetry C alone cannot pive any information about the
narity nonconservation.

We would like to make-the following remark related to this dis-
cussion, Suppose that the weak interaction lepton-hadron effective
Hamiltonian has the form



_E{ - ‘] A
X [‘}*%‘D/‘-"_(?V/*%/L r o
+[5 1"1‘79 +34’/.7.] S/L]Celhjf-&u-»e)‘(”)

Such an interaction [;n arise in a gauge theory with two neutral
intermediate bosons ”/.It is apparent that the Hamiltonian (I7)
conserves narity. The neutrinos originated in T~ and /{-decays
are always left-handed, So when consideving the neutrino-induced
processes one should substitute ») —2) x D, L=iz[’+l!')9 ) in the
expression (I7). Therefore the eﬁ'ective Ifamiltonian f/c:' such a

processes can be written in the form of I7'IB/:
@ — h, A

X’ _Eh},_)&(f-r%.)x},_) (" +al). a5
In particular, from (IB) it follows that g(¥ +#—i)+X) £ (D +N+3,+X)
which is in agreement with the neutrino experiment :htalg' ”.T{:us,
if the asymn\etry € turns out to be different from zero then even in
the framework of gauge theories no unambiguous conclusions about
the parity nonconservation in the weak interaction of the charged -
leptons and hadrons can be drawn despite the neutrino experiment
data which show that cross sections of the processes z;u-ﬁA/—»/u__f X
and A;L-f- A/-»lu.‘-.ﬁ X differ,

Consider further the asymmetry

o %o (d‘a‘,..) ] 2 2
a o) . ooy 1 (19)
B(A’J(t?lup A~ ldgay . {%&o)a +(e§g,,)_,\]
arising when the chargé 7and the polarization of the lepton beam
are changed simultaneously. Using the eq.(8) one can find that

B(A)=f(—jA+Ajv)u4. @ ,
As is seen from eq,(20) the parity nonconserving term Y Q, of the
Hamiltonian (3) as well as the terqu @, which conserves parity
contribute to the asymmetry 8,

If the asymmetry 8(A) proves to be different from zero it should
undoubtly mean that @ 7 0, The measurements of the asymmetry B())
alone for a fixed values of the polarization A can give no definite
information about the parity nonconservation in the lepton-hadron
interaction. However it is clear that when performing measurements
of 8)for different values of A one can determine experimentally

bothg&c(*and gva(*terms. Finally let us note that the asymmetries
8(Q)ad C are related by the equation



¢ =2 g0, 20y

AT AV s R
3. The struncture é\ncn ns. Parton approximation

It is well known that the tensor Wm}';as the following struc-
ture
W %g“)w + i (/g,-ﬁic]d)%—flz:, W, (22)
Tl?: tensor W arising from the 1nterferen9ce )gf the diagrams in -
Fx;r Ia and Fig.Ib can be written in the following general form 3/:

o -Gy A, +,,,,god B9 BT A"

~qa/'70- 3 D .
where the structure func ons FL depend in general on q and V] /
Using the eqs,(9),(22) and (23) we can express d anda( in terms
of the structure functions A.and W/ -

(23)

_ 2R, + [vele-)-g fr, ¢ @0
x7’~w +[ 75(5_9)-71]% ’
o - iﬂ ZE—.\)R_ (25
* T agtw, +[</s(5—u)— Tw,

E peinp the energy cf the initial lepton,
Further one can easily obtain the expressions fbor the struc-

ture functions Hc‘ in the quark-parton approximation, Using the eqs.
(5) and (23) we have:

-_-&-EZQ 2 (f’7(.z:) +f§(-wc')J

R, ~——ZO tz?[f (-c)-}fq(-m),
where C}9 denot%s the charge of 7—quark (g =« ¢5 o and/{ )(/_(x))
is the number of q-quarks (q-anthuarks) wilth momentum xp ‘in t e
nucleon(x--‘g-) « So, in the parton model the structure functions
k‘-’ depend only on the scaling variable g ,and the functions /‘Z,
and Rzare related by

VR, =2x MR, . (27
Finally from (24)+«(26) we get:

o &Zq v () Cn+,’;(x)) (28)
— v EEF ;’~(§;’sz= (;x )

/Note that the7 tetms pronortidnal to ¢ have been omitted since
they do not contribute to the cross sections,

(26)



A =

L2
where g =R

4. The asymmetrie5A$,Band C._in concrete gauge schemes

G-y F %V (foCarmfglen 29
5_761__. T —
7+ 7;7”;-;—(07 (Fgle }t;',( )

The parametersg\zyk, u;,and Q‘i cannot be determined unambiguosly
from the data available at present time,We shall give the expres-
sions for dvand cﬁ*in two different gauge models- in the standard
one and in a vector-like extension of the standard model in which
the neutral current of the charged leptons is a pure vector 22'24/.
We restrict our discussion to the case of the lepton scattering on
a target with equal number of protons and neutrons, From (6),(28)
and (29) it follows that in fhe standard mode 1

g =(1- 20 sxte,),
3_ (.: - ‘ (30)
t 1 (1~
Note that eq,(30) has been der1vedg1n the valence quark approxima-

tion(the relevant contributions of the u~ and d-quarks have been
taken into account only), Using the eqs,(6},(I4),(15),(I9) and (30)

"one can easily obtain the expressions for the asymmetries A ,8()and
(', in the standard theory: 4

/Df[(1+%m )'&I (- sma) (31)

Ba)_/of[l +A.(7+9_;m,9 ) % (32)

z(a.-z) <
. C=5p 7 F0- (53)
The dependence of th P-odd asymmetries A~ and A, on sin 0 for

q2= 200 GeV2 and for two values of the variable ,namely fory,=0.5
and 3=I are presented graphically in Fig.Za and Fig.2b,respectively.
As i; seen from these figures, the asymmetries A,_. and :4-_+have abso-
lutely different behaviour.

It is well known that the standard theory is consistent with neu-
tral current data lf sin 9 =0,3%£0,I, For the values of the parameter
Sin 6 close t°3' the asymmetry;(, is rather small, The asymmetry/(_
in thls region is ~1I%, The dependence of the asymmetry 8(Jon sin 8
for 3=I and ¢=0,5 and qzn ZOO(CeV) is presented in Fig.3. For
sln%-‘—;— thé asymmetry 8(fis roughly 25,



i

An cxtension of the standard SU(2)x (I} gaupe theory with ad-
ditional right-handed doublets

(Z‘ ;i"‘)ﬂ ;L .f)K (54)

was considered in 22724 Here A/ and V, are the field operators of

tvo heavy neutral leptons, 5and 't,are the fiel’ operators of two
heavy quarks with charges (-3’-]. This model has many interesting
featuiss( suppression of the parity vioation effects in heavy

atoms . /Jﬁeydecay rate close to the experimental upper li-
mitzs/, etc.).The neutral currents of the charged leptons and had-
rons here have the form(4) and (5),respectively, with
2 =
v =""1 +:‘!.;ml9~,3*—o ,
v, =-71- 3 St 9" ) X =9, (35)
=-l .
Uy =~ 1"3‘6 ” » Qo £
Since in this scheme g, =0, the asymmetries A, 8 and Csatisfy the
relations: ”
A =A_ =4 (36)
C
B0, )_).rt ;
From (32} and (35) one can get in the valence quark approxima=-
tion: 3 (2-

%y =5 TTHO-pr’

3 Y& (37
_ﬁ(/+25uco)$ ‘%—)L .

Let us remark that the considered asymmetries do not depend on of
in this model,
The dependence of the asymmetry 7 cn the parameter sin 9 for
-ZOO(GeV) =0.5; I is presented in Fig.4, It 15 seen that

for sin 0<0 ) the asymmetryﬂls negative and for sin B?it is
8ppr0x1mate1y ~ 1%,

S. Conclusion

It is quite clear that the search for a weak interaction bet~
ween charged leptons and hadrons is of great importance for our
understanding of the nature of the weak interaction. The nossibili-
ties of the experiments with high energy muon beams undoubtedly
should be used for this purpose,

In conclusion we would like to note that the discovery of the
narity violation effects due to the interference of the diagrams



with exchange of a photon and of a 2%-bouson would give 8 unique

)
possibility to determine the sign of the weak coupling constantG'(.’/
We are deeply grateful to B,M.,Poutecorvo, C.Rubbia and I,Savin

for valuable discussions,

Fig.I. The diagrams for the processes € >+ i/ —> €¢+X/Z=e;/-'-)
with exchange of a photen (Fig,Ia) and a Z°<boson
(Fig,Ib),
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Fig,2 The dependence of the asymmetries )‘L and A, on sm 6
in the standard SU(2)XU(1) gauge theory for ? —200(GeV)
and J—O 5(Fig,2a) and# =I(Fig,2b),
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Fig,3 The dependence of the asymmetry B(I) on sin26 in the

standard SU(2)XU(I) gauge theory for 9=200(GeV)2

and for y=0.5jI.

Fig.4 The dependence of the asymmetry A on sinZBH in the
SU(2)XU(I) gauge theory zz‘“/wéth a pure vector neutral
current of the charged 1eptons(q=zon(cev)z,<7=.o.531).
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