


E2 - 12014

S.M.Bilenky

ON P-ODD ASYMMETRIES

IN DEEP-INELASTIC SCATTERING

OF POLARIZED LEPTONS AND ANTILEPTONS
ON NUCLEONS | '

. Submitted to AP

OIS
SUBJIHOTEKA




Buneuskuit C.M. E2 - 12014

O P-HeueTHbIX ACHMMETpHAX B Npoleccax riyGoKOHeynpyroro
paccesillHg NONSPHIOBAHHLIX /IENTOHOD H AHTH/ENTOHOB
HAa HYKJIOHAxX

PaccmarpuBaiotrcss P-HedeTHhle acHMMeTpuH B Npoleccax ray6oxo-
Heynpyroro paccesiusa MOASPU3OBAHNLIX JICNTOHOB M AHTH/CHTOHOB HA
nyxnouax, [Monyden pam coorHomenufi Mexmy acmMMeTpHSIMH, B OCHOBE
KOTOpHIX JIeXHT npeanoioxenne o V, A crpykType HefiTpa/LHOro ToKa.
B pamxax reopun BaiinGepra-Canama ans u3ockaispHoORl MulIEHH NONYy4eHH
COOTHOWEHHSA MeXAy 8CHMMEeTPHAMR H APYTHMH H3MepsSieMBIMH BelHYHHAMH,
OCHOBAHHLIE /MWL HAa TpaHCGOPMALHOHHLIX CBOAICTBAX AAPOHHOrO HelTpainh—
Horo roxa, [loxasano, uro B ciayuae, eciu BKhaga B ACAMMETDHR H30CKa-
aspuoro Toxka Maa {3To Npenmnosoxelne NOATBEPKAAGTCS NapTOKHON Mofenbo)

u ecan sin®g :T:" TO —71:2—' 'Y —q—;- (A_n A + P ~HeueTH:ie ACHMMETPHH

B pacCesMH NeNTOHOB M aHTHientonos) 1., paBHL MO Be/HYMHE M NPOTHBO~
NOokHL MO 3HaKY, 2. cnabo IaBUCHT OT KHHEMATHYECKAX NEpPeMeHHbiX,
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On P -Odd Asyr'ﬁmetries in Deep-lnelastic Scattering
of Polarized Leptons and Antileptons on Nucleons

P —odd asymmetries In deep Inelastic scattering of polarized
leptons and antileptons on nucleons are considered. Relations bet-
ween asymmetries based?only on the assumption that the neutral
current has ¥ and A structure are obtained. In the framework of the
Weinberg~Salam theory for the case of the isoscalar target some
relations between asymméiries and other measurable quantities are
derived by using only transformation properties of the hadronic
neutral currert. If contributions- to asymmetries from the isoscalar
current are ne ectled (this assumftion is suREorted by the parton
model) and sn a-~7. then the =3 and ~r (A_ and A, are

P _odd asymmetries in scattering of the lepton ard antilepton,
resp.) 1, are equal in absolute value and opposite in sign; 2, prac-
tically do not depend on kinematical variables; 3. _2Z = _9.10"5,
. q .
The investlgation has been performed at the Laboratory
of Theoretical Physics, JINR,
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"The discovery by Novt?sibirSk‘ n/ ang Stanfo.rd 2/
gr‘oups of the parity violating leptqn—hadrqn weak inter-
action is one of the most important latest developments.
The Novosibirsk group has measured the angle- of rota-
tion of the plane of polarization of the .phqton beam
passing through 209 Bi vapour. The experimental data
obtained are consistent with the prediction /3//4/0f the
SU(2) x U(1) Salam-Weinberg gauge theory ™. Tl}e
Stanford group has measured the P -odd asymmetry in
deep inelastic scattering of longitudinally polarized elect-
rons on nucleons. For the deuterium target the result
obtained is .

-512-- ~(-9,5+1,6)10 % 1/(GeW)?, 1)
q .
where A is the asymmetry and ¢® the momentum
transfer squared. Within the V}:"einberg-Sa;la\rr}2 theory and
by using the parton model, from (1) it follows’ /4

sin 29 = 0.20 + 0.03. 2

The parameter . sin26 can be a156 determined. from the
neutrino data. So, in rets./5-6/ the follow;ng values

. 20 _ (.99 +0.05,
sin“g =0,22 (3)
sin®g =0.24 +0.02

were obtained.



Note also that the phenomenological analysis of all
neutral current data obtained in neutrino beams allows /7/
an unambiguous determination of all the coefficients of
the hadron neutral current. This umque solution accords
with the Weinberg-Salam theory at sin®9 = 1/4.

The agreement between (2) and (3) is a forcible
argument in favour of the Weinberg-Salam SU(2) x U(1)
gauge theory. It should be mentioned, however, that
data 2/ are in the region of relatively small
0%(<q®> = 1.6 (GeV)d where the breaking of scaling can be
large enough. Further verification of the theory requires
the ‘investigation of deep inelastic scattering of pola-
rized electrons by nucleons in a larger kinematical
region and the study of P-odd effects in other lepton-
nucleon processes.

In this paper we analyze deep inelastic scattering
of polarized leptons on unpolarized nucleons

¢+ N -0 + X (4a)

and of polarized antileptons on nucleons

+ +
fF + N -0 + X, (4b)

At first, we shall derive some general relations
between P -odd asymmetries in processes (4). Then
we consider the lepton scattering on nuclei with zero
isotopic spin. Based on the Weinberg-Salam theory, we
shall deduce without dynamical assumptions certain re-
lations between P-odd asymmetries in processes (4)
and cross sections of the processes

Vﬂ(;l; )+ N o y—(u+) + X. ®)

At last we shall obtain relations between these obser-
vables, and study the behaviour of asymmetries in the
case if the contribution of the isoscalar current to
asymmetry is neglected (this contribution estimated by
the parton model is of an order of 20% of the isovector
contribution).
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The effecnve Hamiltonian of lepton-hadron weak in-
teraction due to the: neutral currents can be written in

Athe form
G . h
H=m2p da - 0 ®
T -
with N
Cig w3 Tpyreyt ©
- T l=egp,n
.the lepton neutral current and
T R ay, (v a ys)q : ' (8)
. % q=u,d,. .-
hadron neutral current. In the Weinberg- Salam theory
the g, 8,5 Vs & e are“equal to | ‘

R LS TR U
gv=—'—2—+251n'0, gA-.——é—,»¢

1
V =

L 9
u 2

il—2(;7 a
3

=
|-

2 1
Vg =— _3_~ 0, a4 =—'?,‘ cee s

1.,
2

To the lowest order in weak and ‘electromagnetic in-
teraction we obtain- the following matrix elements of
processes (4) (see the Figure)

Figure



<f|8li> .=-~:iN-"-E[E’(k') u(k‘)<p“'.[J % p> ~.
¥ q? Ya a ’

‘ —enﬁik Wa @y = 8ayglu(k)< p'IJah[p >v](217)'1= 3(p"-p-q),

where k  and k° are the momenta of initial and final
leptons (antileptons), resp., q=k -k’ p isthe momentum
of the initial proton, p” is the total momentum of final
hadrons, j g™ the hadron electromagnetic current, N the

standard normalization factor due to the lepton lines, and .

G j 2 _4 q° ‘

= e 2T 154007 2 (11)
NE 2na- . 7

With the longitudinal polarization of initial leptons (anti- .

leptons), >f’ from (10) we easily obtain the following

cross sections of deep inelastic scattering of leptons

(antileptons) on unpolarized nucleons 78,9/

do ¥ ) dg ™ { n '
dqzdv )\_ dqde 1"'71[ _gvaV; gAaA) *
.(12)
. * MgvaA * gAa'vm
with
kK’ I , I
—eaBpo kp awaﬁ Laﬁ(k'k ).waﬁ
aA - ‘ em ” av=’ . ] ) K (13)
L ’ R ]
a8 (k.k )WaB . LaB .k )waﬁ

where LaB (k, k) =_kak'/3"'5a/3 kk” + k’ kﬁ' - The tensor

Po ... em h
- 2fi<p’|I, |p><p|JB|p >+

v B ‘
+<p*|3, Ip><p |7 g [p">18(p ~p ~ el a4

I oy

(w1 ~and W, are structure functions).

defines the interference of contributions of electromag-
netic and neutral currents to the matrix element. As is
clear from (13), ayla,) is given by the contribution
of the vector (axial) part of the neutral hadron current

to WgB .

dO’ em
dq2 dy
inelastic scattering of unpolariz_ed leptons on unpolarized

The in (12) is the cross section of deep

" nucleons (contribution of the diagram of the Figure (a)).

This cross section reads
o :
dc®®  2m® M? (15)

. em :
: : LagWaB -
d®dr ¢t @p? Alaf

where the tensor W, is of the following standard form

WaeBm ='(8dB il

(16)

The first term in square brackets of (12) is due to
the contribution to the cross section from the P -even
part of the weak interaction Hamiltonian, whereas the
second one from the P -odd part. The information about
the latter can be obtained from the measurement of the
asymmetry which is determined as follows

G 4F
) dqg®dy A dq2dy A
N _ B amn
+ A T de¥
e
dq2dy dg®dy )
Inserting (12) into (17) we get
- . (18)
A_ =mEga, * B2y
7



~ (throughout only the terms linear in G are kept) We also
consmer the following asymmetry /10/;

do” do*
(=),
da%as N CagPa, A - |
B(A) = —— e : — o - (19)
( da'_ d0’+ ' ’
+

do®dv A agfay A

The - B(A) is a ”natural” observable in ;¥ - -meson ex-
periments. From 19) and (12) we obtain *

B0 =nle, ey ' (20)

Now, using (18) and (20) we derive some relatlons
between A B and other measurables

1. Combmmg (18) and (20) we get the following re-
lation between A _ and B **
o ‘
B ) ~Bg) = 5A (~ANA _+A ). (21)

Further it can be_easilyyeriﬁed that 712/.

aalyoo o0 @

(v = %-, E is the 'lab. »energyv'of initial leptons).

Indeed, WIaB has the following general form 78/

*In asymmetry B(A) the interference of the one-
photon diagram of the Figure (a)and two-photon diagram

also give contribution. We will not discuss it. Note only
that it can be calculated within the parton approach

*+ Relation (21) does not contain the contribution from
the interference of the one- and two-photon diagrams.

8

11/,

1 i - I
g - (5, ;-:——‘(‘l—zé)w +M i ~—~qu)(p3~ qB)W +

el _ 23
feeBes WM @

where WI are functions of variables ¢®and v. From
(23) and (13) it follows (independent variables are q2
v and y)

C ee
(1~ (1~ p)F W]

MV . oo g
% - — @

" a?
[2(1~y Wy + _Ly 2.2mw1 1
| 2My

From thxs relatxon xt is easy to see (22) Usmg (18)
we get from (22).the following relation «

(25)

A-'[y—»o =—:A+ly—»0 .
From (20) and (22) we also get
B|, . ,=0 ' (26)

y~0 \
The relations (21), (25) and (26) are based on the only

assumption of the V,A structure of the lepton-hadron
weak interaction Hamiltonian. .

2. In the Weinberg-Salam theory the hadron neutral
current reads :

j: - va3 +'a2 -~23in26jaem I )
where ‘

v +aaa=ﬁ—12— 2 (1+y5 —~d—-—y (1+y.)d (28)
is the :isovector (dots in (27) mean the contribution
to the neutral current form s,c and other heavier

' 9



" quarks). From the neutrino data it follows /14/  that the

amount of s, ¢ . and other heavier quarks in the nucleon
is few per cent of that of u and d quarks. In what
follows we shall neglect the contribution of these quarks
into the neutral current. The hadron neutral current
can be rewritten in the following form

=(1 -2 sinze)j:“‘+‘a3—=31— : ' (29)

where

5 -1 =1 =
Vg =“‘é‘}’a“ + d—2-yad (30)
is the isoscalar.

We will consider the lepton and antllepton scattering
on nuclei with equal number of protons and neutrons.
Throughout in what follows dos Wwill mean the cross
section averaged over p and n, In this case the cross

_section does not contain the terms, which are products

of matrix elements of isoscalar and isovector currents
So, we obtain ~

e k k’ W .
aA _ aﬁpa p o aﬁ , (31)
L W ’
af”af
’_‘ _ .2 _.2 s >32
av—2(1 :28in” 6) 5%V - (32)
Here
V:A s Po s Ay 3ip> A3p
Weg =—(2m e fl<p’lV, Ip><plAglp™>+
(33)

+<p’|Ad Ip><p|VEIp">16(@ - P —dl

and a3y = characterizes the-contribution to ay from the
isoscalar current: :

10

<

s Ld wf .
oS - 8B af S (39)

L W em
with ap”af

aﬁ-—-(2n) L3 f<p|V) |p><p|VBS Ip*>6(p’~-p~-g)drl. (35)
‘ By using the isotopic invariance of strong interac-
Flons, one can easily verify that the numerator of (31)
is_proportional to the difference of the cross sections
of the processes

L2
m +N»dﬁ+x, ) (3®
T 4N sptex : | 317
! g | @37

The_denominator of (31) is proportional to the cross
section of deep inelastic scattering of unpolarized lep-
tons on unpolarized nucleons (see (15)). Therefore we get

dg cc ' do cc
_27%% dg%dy ¥ dg2dy ¥ o
aA - G2q4 | do Gm‘ ' K : (38)
dq dv

So, provided the Weinberg-Salam theory is valid, the
a, is determined by the measurables.

Next, based on (9), (18) and (32), the A

easuy be related to ag:

.and ¢ A can

na [A_a -1)--A+(aA+'1)]+1='—2—a3. S @9)
S

From this relation one can find the parameter « v

Since

) |
v >0 : | (40)

a

from (39) it follows that the observables in question should
obey the inequality

1M



[A_(a,-D~A, @y+ DI+1>0. , (41)

7](2

The check of (41) would testify, without usmg the dy-
namical assumptions, to the validity of the Weinberg-
Salam theory. T

3. The summation of A _ and A + gives

A."'__+'A+’ = 27]\5va:ﬂA, o L - (42)
whence
A + A, 1 0
~—+ == 2sin®4. : (43)
Zna 2 - .

The left-hand side of the latter relation contams the
~measurables, therefore the sin"  .can be determined
straightforward from experimental data, without assump-
tions. This method of determining sm20 _ is analogous
to the one 715/ yused to obtain sin®6 from the neut-
rino cross sectlon data. The latter allows the determina-
tion of sin®g’ entering into the hadron neutral current,
whereas (43) entering into the lepton neutral current.
Note that in the so-called alternative Bjorken theory /18/
the parameters defined by these methods have different
physical meaning and can differ as well.

4. Based on the parton model, one can estimate the
contribution to Aa v. from the isoscalar current vg
1
T (f (X)+f (%))

q=u,
= s Co “44)
3z Q (f (x)+ f.-(x))
g=u.d S
where f,(X(f-(X) is the number of q-quarks (q-
antiquarks) in the nucleon; Q,, the quark charge. For
the scattering on the isoscalar target under consideration
the relation (44) gives

s
¢y

2 s _ 1.
TR - (45)

12
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The first term in the (32) - I(sin® = -l). Therefore,
in the parton model the contribution from ‘the isoscalar
ay is small as compared to that from the isovector.

Omitting £a$  in (32) we obtain the following appro-

xim/allgc/e (within ~20%) relation between A_, A, _ and

Ev (A, @+ D-A (@a,- D=1 - (8)
ol

Note that neglecting the isoscalar contribution into the

;one can get 1%/ another, different from (38), rela-
tion. Indeed, since the contributions from vector and
axial current to the processes (36) and (37) comc1de
(chiral symmetry, neutrino data/18/), one has

dU cc do ceC
dg2dy )V —:(dq2dv ) v
“a” 2( dg ¢ ') +(dac° e | “n
“defdy ¥ dqPdy ¥

5. As is well-known, all the presently available data
on neutral currents are described by the Weinberg-

Salam theory (with sin? = 1—). If sin® = Zl then g =0
(see (9)) and from (18) it follows that

A_=-a, = Loy (48)

Neglecting the small isoscalar contribution (20%, cf.
p. 4), we obtain from (48)):

A_Z-A +’:._.9. 10° q¥% (GeV)2 . (49)

13



Therefore, if our assumptions are valid, it should

A A - _
be expected that the ——> and ~ — depend weakly on the

q2 q
kinematical "variables and their numerical value is close
to -0.9-10 5 1 As is seen from (1), the asymmetry -

measured at SLAC agrees with this value.
Finally, from (20) for sin% = -}I we get .

- 1 :
BR) T Fnay - | (60

As is seen from this expression, the asymmetry B does
not depend on polarization A and its value can be fully
predicted if the cross sections of (36) and (37) are known.

The measurement of asymmetries A_ and B seems
to be the most ”natural” problem for*experiments on
¢~ and Il+ meson beams *. Note in conclusion that the
muon experiment under preparation by the CERN-Dubna
collaboration 20/ is planned to cover such measure-
ments. ; :

I would like to express my deep gratitude to B.M.Pon-
tecorvo for useful discussions of the problems, consi-
dered here.
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