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Deuteron electroweak disintegration
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We study the deuteron electrodisintegration with inclusion of the neutral currents focusing on the helicity
asymmetry of the exclusive cross section in coplanar geométry. ). We stress that a measurement of
A(J.m) in the quasielastic region is of interest for an experimental determination of the weak form factors of
the nucleon, allowing one to obtain the parity-violating electron neutron asymmetry. Numerically, we consider
the reaction at low-momentum transfer and discuss the sensitivig( ot ) to the strangeness radius and
magnetic moment. The problems coming from the finite angular acceptance of the spectrometers are also
considered[S0556-28187)01006-9

PACS numbes): 24.80+y, 14.20.Dh, 25.10ks , 25.30.Fj

I. INTRODUCTION entangle radiative corrections and strange-quark contribu-
tions. In particular, the PV electron scattering from isoscalar
Parity-violating(PV) electron scattering probes weak neu-and spinless nuclei, such d$e, where only the electric
tral currents and can provide very interesting information onweak current can contribute, could lead to a determination of
the strange-quark contributions to the electrowdalk)  GZ(Q?) [15]. Two experiments of PV electron scattering off
form factors of the nucleon and on the weak-coupling concomplex nuclei have already been carried pi6,17] and
stants at the hadronic level. Since different theoretical modseveral others are in preparation at Bates, CEBAF, and
els give largely different predictions for the strange vectorMAMI. For a review we refer to the paper by Musaif al.
[GE(Q?), Gy (Q%] and axial-vectof G;(Q?)] form factors  [18] who present a very detailed discussion of the
as well as for the radiative corrections to the weak-couplingntermediate-energy semileptonic probes of the hadronic
constants, one has to make recourse to an experimental deeutral current. Different theoretical approaches have been
termination of these quantities. For this, one needs to isolatpursued ranging from the relativistic Fermi gas mddél| to
observables which are selectively sensitive to one or thehe relativistic mean-field theorf20] to the continuum shell

other unknown quantity. It will take a number of measure-model[21]. Also the case of the deuteron has been studied
ments in neutrino scattering, PV atomic experiment, and P\éxtensively[22,23.

electron scattering to determine these form factors and cou- yp to now, only the helicity asymmetry of the elastic

pling constants. The best information 6(Q?) is expected  cross section and of the inclusive inelastic cross section in
from elastic neutrino scattering experiments where theoretipy/ electron scattering has been considdreg-20. In this

cal uncerta_lntles in higher-order processes are small. Thﬁaper we study the helicity asymmetry of the cross section
BNL experiment 734[1] already determined a nonzero for the exclusive PV electron deuteron scattering in the in-
GR)(0) even if with large errorg2]. Results of the spin-  plane kinematics. In general, namely, in the out-of-plane ge-
dependent deep inelastic lepton scatt.ering exper_im(.ants Ofmetry, the helicity asymmetry is not zero even in the parity
protons|3-5] and off neutron$6—9] confirm such a finding,  ;onserving(PC) electrodisintegration where it is given by
again with large theoretical errors because of the apphcanEhe so-called fifth structure function. Instead, the helicity
of SU.(3) flavor symmetry t'(I)I h_ypegsr(;)n decayls. Thde LSND asymmetry of the in-plane kinematics reaction must vanish
experiment on neutrino osci a“ofﬁ (S} presently un EWay ina pPc theory. This can be seen using simple geometrical
at LAMPF should better constrai,”(0). 'Ehesuggeshon considerations. In fact, the image of the reaction given by a
that the strangeness magnetic momegt Gy (0) could be  mirror parallel to the scattering plane is the same as the origi-
determined measuring the PV asymmetry in elagficscat-  nal reaction apart from the change of helicity of the incom-
tering at backward angles was put forward by McKeowning electron. Therefore, if parity is conserved the two pro-
[11] and Beck[12]. A first experimen{13] aiming to place cesses proceed with equal probability leading to a vanishing
limits on w4 is already underway at the Bates Laboratory.asymmetry.

Measurements at forward angles could be used to constrain We expect that the obvious drawback of the reduced
Gz(Q?. The accuracy of such experiments using only acounting rates of the coincidence experiments might be com-
proton target is strongly limited, because of the complicapensated by the enhanced sensitivity to the form factors of
tions from radiative correctiorfd4] to the dominant isovec- the nucleon detected in coincidence with the electron. In fact,
tor axial-vector coupling. Measuring PV asymmetry in elec-this is the case in the PC electron-deuteron scattering at the
tron scattering from nuclei, where different isospin quasielastidQE) peak. It turns out that the deuteron can be
combinations can be realized, seems a promising way to disonfidently used as a quasi-free neutron target in that region.
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Therefore, from measurements & ¢’ p) and (é,e’n) reac- v 2 v a“q”
tions it should be possible to get information on the isoscalar Dy (QY)= 62 +62_ (2.6
form factors which take contributions from the strange
quark. in the Landau gauge, while tt&, propagator
We shall neglect the effects of the PV nuclear interac-
tions. In fact, previous studies have shown these PV effects 9"’ —qtq"IM3
to be small in deuteron photodisintegrati@#] as well as in [Z0 Q%)= Q%+ M% ' 2.7
elastic and inelastic electron deuteron scattef2f] except
for very low-energy electrons. in the limit Q2<M?2, which we are interested in, becomes
In Sec. Il we describe our treatment of the BM inelas-
tic scattering and we give the general expression of the he- 5 g’”’
licity asymmetry of the coincidence cross section [ZO](Q )= : 28

Ap(9cm). We also discuss its sensitivity to the weak Z

nucleon form factors. In Sec. lll we present our numerical |t is convenient to rewrite the propagatdg6) and(2.8)

results for the exclusive asymmetry in QE kinematics atjn terms of the three po|arizati0n VeCtOE%\) ()\:O,i ]_)
Q* = 0.1(GeVk) . Finally, in Sec. IV we state our con- with the properties

clusions.
d.€H,=0, (2.9
Il. FORMALISM
y P A RPN
A. Parity-violating exclusive cross section Yur€in ) (=1 (2.10
The invariant amplitude for the parity-violating exclusive q,uq
deuteron electrodisintegration, to lowest order, is the sum of E (- e{‘;*) e(”x = Q2 . (2.1)
the one-photon and the o&-boson exchange process
M= M+ Mz, (2.1 If the momentum transfeq is in thez direction the po-
larization vectors take the form
with
M= —47aj, DF(Q?)JEM 2.2 e ::i(01+i0)
(= ~47aj,Dry(Q9)J, (2.2) N
and L
€(0)= = (10,0010, (212

Q

in the laboratory(lab) frame whereq” = (4,0,0,0/ap) -
Using the completeness relatidd.11), the propagators

whereQ?= —q2>0 is the four momentum transfer squared, ©2" be written as
a is the fine-structure constang is the weak Fermi con-
stant, M, is the Z° mass, andg{, and g§ are the neutral m(QZ) 72 (—1)* G(MG()\ (2.13
vector and axial-vector couplings of the electron which, in
the standard model, are given bygi=1 a“q’
ge=—1+4sirfd,=—0.092, J, being the Weinberg or AN ok Y
W\éak-mixing angle. The conventions of Musdf al. [18] ZO](Q )= M2 2 (=Dt eon ™ Q2 214
for the weak-coupling constants are assumed.

The electron vector and axial-vector currents are given byand the invariant amplitude becomes
the Dirac form

G
M[zo]zz\/z (ngM+9AJM5)D[ZO](Q2)J(VNC)a
(2.3

_ _ WaZ _1)\- * J(em)
j,=u(k',s")y,u(ks), M=="gra (1) €n)

jM5=u_(k',S’)yMy5u(k,S), (24)

whereu(k,s) is the electron spinork(s) and ’,s’) being
the four-momentum and spin of the incoming and outgoing

G o, .
+ﬁ > (—DMav(j- i) T galis €i)]

: G 1
electron, respectively. S (JNO ¢y —0%(ie-q)(JNOA,

As for the hadronic currentg(®™ is the electromagnetic ( ) 2\2Q° 9alls a)( D
(em) current and)N© the neutral current which consists of a 2.15

vector and an axial-vector component

J(NO)— J(NOWV . J(NOA. 2.5 where we have applied the continuity equations

Finally, the photon propagator is given by (j-q)=(QMNOV.q)=0. (2.1
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Clearly expansion$2.13 and (2.14 have allowed us to e AE E. coS (0 /2)
express the scattering amplitude as the sum of products of 2 (J-en)™ - €nr)= e
separately Lorentz invariant ternfes done by Dmitrasinovic S €
and Grosg26] in the purely em procegsin actual calcula- q 2=[A[=I\|
. . . c.m. (VV)
tions we shall evaluate the scalar products involving the elec- X T) NN
tron current in the lab system and those involving the nuclear
current in the center of mags.m) sys_tem of the outgoing L 4E Eo co2( 94 /2)
nucleons. Of course, the transformationedf, from the lab 2 (j-€\) (s - €nr)= Y
frame to the c.m. frame must be taken into account. s’ Me

The next step is to evalual, | M|?, wheres’ is the spin

2= M =N
of the final electron. First of all, we neglect the purely weak % Ge.m. VA
iqi a2 _ Q AN
component terms, completely negligible beings<. More
over, we assume, as usual, the extreme relativistic limit (2.20
(ERL) for the electron fn,<E,). It is straightforward to see
that in this limit It is straightforward to obtain from Eq2.18 the expres-

sion of the parity-violating exclusive deuteron electrodisinte-
gration cross section for the polarized electron beam. In
terms of the transition matrix elements it reads

2 (j-€h)is =0 (217 ;

s d°o _lom S p(VVem plems
dEedQedOF™ 3 Mgt sitamy & M ST\ Ma - smamg

Then, they— Z° interference contribution involving the last
term of Eqg. (2.15 vanishes. This means that the term

(VV) (VA)
- gef‘f(g\e}v)\)\' + giv)\)\r )

~g*q” in the Z° propagator(2.14 does not contribute and X[TEm TNCx 4 T(NC) p(emx
that they and Z° propagators can be expressed through the ST " SMAMg © 7 SMYAM S mg s
completeness relatio2.11) satisfied by the polarization (2.21)
vectorsaé‘)\) . ) ] ]

Therefore we obtain where oy, is the Mott cross section and 4 is the deuteron

mass. The superscriptem and(NC) indicate to which par-
ticular nuclear current th&-matrix element refers to.

4E E, co(Io/2) , The T-matrix elements are related to the hadronic current
> IM|?= > () matrix elements
4m?
s’ e AN
[pemEN Ed
2— |-\ 2 _ PemEcmEcm.
% ( qC.m.) ( 4772“) Tsmam,= 167°
Q Q
(V) x [ dem| M
STUNE (J(em)'e(x))(J(emH'E(M) xX(=1) ( R ) (smy|J- €y mg),
\AY% VA
~Gerl(@Yv 0+ IRVIN) (222
X[ e )INDT-€l1) where J is the hadronic current operator and the nuclear
(NO) (oms states are defined in the usual noncovariant normalization;
+(IT e )3 e )] (218 namely|my) is the deuteron state normalized to one, with
spin projectiormy on the momentum transfer, while the final
np state|sm), characterized by spis and its projection
where mg on the relative momentum, ., , is normalized so that it
becomes
Q2 G |Sms>:eipcm'r)(smsa (2.23
O =7 =5 5 (219 o .
Ta 2.2 in plane wave(PW) approximation. Of course, in order to

calculate the matrix elements in EQ.22), the same quanti-

zation axis has to be taken for both initial and final states.
is the effective weak-coupling constant determining the magThis simply amounts to the rotation leadinginto p ,, or
nitude of the PV effects in the low and mediu@” and  vice versa. FinallyEY,, andE? . are the nucleon and deu-
e is the electron lab scattering angle. teron c.m. energy, respectively. Note that, owing to the fac-

The electron tensorzssx\,/), vi\@) which depend on elec- torization of (o /My) in Eq. (2.21), the T matrix is dimen-

tron kinematic variables only, correspond to the products ofionless as that introduced in RE27].
vector current-vector current and vector current—axial-vector Further, we remark that the spherical componestO of
current. More precisely, they are defined by the nuclear current, given in the c.m. frame by
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@enm. n=tarf(¥/2). Note that the definition§2.28 of the v's
Q (2249 include the appropriate factors ¢ (qap/dc.m) Which are
necessary because we calculate the nuclear matrix elements
can be conveniently written in the case of the em current andh the c.m. frame.
of the vector component of the neutral current by means of The cross sectiofi2.21) is the sum of a purely electro-

Ge.m.
3'6(0):%P(q

the charge density as magnetic term due to the one-photon exchange process and
9 of the y—Z° interference term
Jf(OF(E)P(Q). (2.29 BB B
(dEe/dQe,dQﬁ-m-) a ( dEe/dQe/dQK,'m')[ ,

by using the continuity equation to expresisq) in terms of
(). d’s
In the ERL the electron beam may only have longitudinal + m -

polarization of degre@. Therefore, both the electron tensors

(VV,VA) (VV,VA) __ (VV,VA)0

N consist of two terms, vy, '=v,,/, (2.29
+hoYVYA" which correspond to unpolarized and polarized

AN/
electrons, respectively. The dependence of these two terms on the agigletween

. the reaction plane and the scattering plane can be easily sepa-
It is easy to show that(h\;ﬁ,\) are related to the'"" in the P gp y sep

) _ AN rated out observing that thE-transition matrices depend on
following way: ¢ through the phase

(VA0 (VV)h

T U T =gl (M rmady

smamy mAmy- (2.30

U(VA)h:U(VV)O (2.26 ) )
AN A ' The reduced matrices so defined depend only on the polar

. . . . . nucleon emission anglé. ,, and on the relative momentum
Of course, the kinematic functlons(h\f\\,/) coincide with } 9%cm.
Cm

those ¢,,) appearing in parity conserving electron scatter- - “7he two cross sections defined in H8.29 can be writ-

ing [27,28. From now on we shall omit any superscript in tan in the form

writing these kinematical functions. We recall that they are

symmetric and satisfy the relations d3o o
( —S(F+hFM),

77 ) -
Dyt =y s dE. 0 dOg )m Mg

0 )\+)\’ 0 3
v ’ ’ 2.2 d
=) U (2.27) —Ucm ZG_M(g+hg(h)), (2.31
dE. dQe dQg™ o Mg
h —(_\\+A'+1 b [vy=2%]
vy =(7) Unar s
induced by parity conservation. Because of E@s26 and where
(2.27) all the possible components of,,, can be simply _ ec 1 g8
derived from the following six components: G= Qe 9vG1 T Ga%).
00= 2282, 0" =gen(9R01+0552). (2.32
. 1 The functionsF, 7" ,G, ,G, are given by
vr=n+ 35§,
F=vPf{*" + 0 ™ + cos2pu 31T + cospv? 177,
1
TL="={EVntéE, F=singpl fEM0,
V2
(2.29 Gy= 21 V)09 V09, (cospTET™ Y (5 5
b= %g, +5singfE™ M) + 9 (cos2p i)
+5in2¢ e M),
=Vn(n+é),
Go=v ™ MM+ u ] (cospf ™A+ sing fE™ Y,
1
TL:EZ&/_ , in terms of the structure functions
. . 1+5 7’1
wher/e the indicesL, T, TL, and TT corrgspé)nd to flem=2 %) Re(w®™), (2.34
(\A)=(0,0), (1,1), (1,0), and (£1); £=Q% g, and T o0
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1+ 6,01
1+6,0

(emh _
fmu -2

)Im(wg\i"?)),

(em-V) _
fiy =2

1+ 5)\_',)\!’1 W(EWV))
1+ 6\ M

3119

drop to zero and the surviving five exclusive structure func-
tions transform into the inclusive response functions.

B. Nucleon electromagnetic and weak form factors

The general expressions of the matrix elements of the
single-nucleon ewk currents consistent with Lorentz covari-

emwh_ [ 1t va (em—V) ance and with parity and time-reversal invariance are
iy =2 —=——=—|Im(w,,, ),
1+ 6, L
I = —————u(p")[Ge(p+p’
(em-A) 1+ 5)\_'_)\,,1 (em-A) 2 2M(l+7‘) (p )[ E(p p )p,
f)\)\’ 2 1+ 6 Im(W)\)\r ):
».0 +GM(2MTYM+IU;quD)]u(p)! (241)
f(eWA)h: B 1+ 5)\+)\' l) (em—A)) 1
AN/ AN/ ' — = ,
1+ 6,0 J(MNC)VZWU@ )GEe(P+P)
where -
+GM(2MT‘Y,U.+IO-/.LVqV)]u(p)1 (242
wiem — E D glem t(emx op — _
M Bsingng SOOI Mg It =u(p")[Gay,+i(GpIM)Q,]ysu(p), (243
wiemV)_ E 2 (tlem t(NOVx 4 ((NOV ((em ) whereM is the nucleon mass;= Q%/14M?, p apdp' are the
AN 3simmy SMAMy“SMA'my ~ “SMAMGsm\ ' my/ ! four-momentum of the incoming and outgoing nucleon, re-
(2.35 spectively.
In the following, we do not need to care about the induced
(em-a)_ 1 (em  (NOA% | .(NCJA ,(emx pseudoscalar current because it does not contribute to ob-
Wi T §5”§“d (tsmamgtsmmy T tsmoamytsma my)- servables in PV electron scattering to leading order in ewk

coupling. We have chosen the Sachs form J™ and
JINOV pecause the study of the PC deuteron electrodisinte-
gration has revealed that, unlike the Dirac formJ&™, it

The hadronic tensomw, ,, satisfy the symmetry relations

w;‘)\,=wm\, (2.36 leads to nonrelativistiéNR) results close to the full theory
results, minimizing the effect of the relativistic corrections.
W(—efj)—w:(_ 1)A+A’W§i@, (2.37)  From the same analysis we also know that the cross section
is almost insensitive to meson exchange and isobar excita-
WET V)= (L )r ey em V) (2.39 tion currents in the QE region. In conclusion we shall not
AN AT ' consider relativistic corrections and interaction currents in
our calculations.
(em—A) _ 1+N+0,,(eEM=A)
wo v =(=1) Win (2.39 From the structure of the em and weak-vector current op-

erators in terms of the S8)-singlet and -octet currents it
_ _ g follows that the nucleon weak-vector form factors are given
(2.27 to write Eq.(2.33 in terms of A=0,1;—A<\'<\

b
only. y
The property(2.36 is an immediate consequence of defi- _ 1 V3
nitions (2.39. The other_ properties{2.37)—(2.39) _derive GE,M(Qz):E \T/ZlG\E/,M(Qz)Ta%JF7§\T/ZOGE,M(Q2)
from the symmetry relations induced on thenatrix ele-
ments by the parity conservation

which have already been used together with Eg*6 and

+EPGEW(QY), (2.44

t(em),(NC)V

(1 \1+s+Fmc+A+ (em),(NC)V
N = (= 1)brstms A mat

STy with 73=+1, -1 for the proton and neutron, respectively.
G} is the isoscalarisovectoy combination of the em
Sachs form factorsLE(Ef)M is the strange-quark contribution,
and the couplings are appropriate linear combinations of
quark weak-vector charges. In the standard model they have
the values

t(NOA

— (_ 1\Stmg+A+mgt(NC)A
s—ms—)\—md_( 1) s at

sms)\md :

(2.40

The structure functiorf®™ are the usual structure func-
tions of the PCe-d inelastic scattering. The functions
f(em=V) £(émA) are the additional structure functions arising
in ewk inelastic scattering from the interference between the
em current and the weak vector, axial-vector currents.

Integrating Eq.(2.31) over the outgoing nucleon solid
angle, we recover the well-known expression of the inclusive
cross section, first given by Walecka9] on the basis of
symmetry considerations and covariance requirement. In According to[18], we take the strangeness weak vector
such an integration, all th&L and TT interference terms form factors in the form

VTl=2(1-2sifdy), V3&) %= —4sirtdy,

P=—1. (2.45
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GE(Q?) =psrGY(QY)(1+ AT 7)Y, possibly, of theQ? dependence of the strangeness form fac-
(249  tors, can only come from the experiments.
GIP(Q%)=uGL(Q)(1+ AP~ Analogously to Eq.(2.44), the axial-vector form factor

can be decomposed in terms of the third and eightii3sU
which is an extension of the Galster parametrizatidd]  octet components and of the possible strange component
commonly used for the nucleon em form factors

~ 1 1
GE(Q*)=Gp(Q?), GA(Q) =56 GR(Q) s+ 5647 "G(QY)
GE(Q%) =~ un7Gp(Q?)(1+5.67) 1, (2.47 +E9G9(Q2), (2.51)
GR(QY)=wupGH(Q?),  Gl(QY)=puaGY(Q?), with coupling constants dictated at the tree level by the quark

axial charges
whereG}(Q?) = (1+Q?/M2)~2, with a cutoff mass squared X d

M2=0.71 (GeVt)>.
Expression2.46 of G&) implements the only theoretical

constraint about the strangeness form factors. The nucleon

behavior of G& is characterized by the dimensionless comes from the strange quark contribution. Information on
strangeness raEdius the Q?=0 value of the S(B) octet form factors derives from

charged current weak interactions. From neutrgh
decay and strong isospin symmetry it follows
(2.48 G®(0)=(D+F)=ga=1.26010.0025 [35], while from
=0 hyperon 8 decays and flavor S38) symmetry it follows
g;Sf’(O):(1/@)(3F—D)=0.334r 0.014[36], D andF be-
ing the associated SB) reduced matrix elements. TH@?
dependence of these form factors can be adequately param-
etrized with a dipole form

A =2, £7°%=0, &=1. (252

dG&(Q?)

Ps= dr

Also commonly used in the literature is the Dirac strangenes
radius

2
rS

{dF(f)(Qz)
-6 sz

(2.49
Q*=0 GH(QH)=(1+Q%M3) 2, (2.53
Because of the well-known relations between the Sachs

and the Dirac form factorspsl U, and ré are |inear|y re- with a cutoff masM A=1.032 GeVt. The same dlpole form
lated by is suggested if18] for the strange axial-vector form factor

p = M2 (250 GR(Q)=79aGBQAI(L+ATT) L (259
M=, .

Here again, lacking theoretical constraints Gﬁf)(O) and

Very little |s_known about the values gis andrs even if because of the model dependence of the theoretical esti-
many calculations of the strangeness vector form factors

=g
nave b carie ot uein dlferentspproadtmace cal 1% Y88 O G0} v o e s o
culations, effective Lagrangian, dispersion relations, had: ', &P : — ; ’
ndications came from the BNkp/vp experiment and from

ronic model$. The predictions of the strangeness momentfShe EMC data.

are quite different in different approaches and can als . .
largely vary within a given approach because of the need of As for the weak-coupling constants we emphasize that the

additional assumptions and approximations. In particuIarvalues(z‘43 and(2.52) are those predicted by the ewk stan-

r§ is predicted to be positive in the dispersion theory analysisdard model at the tree level. In a realistic evaluation of the

of the nucleon isoscalar form factof81.40, of the same amplitude of any electron-hadron process one has to consider
. . e ..__the radiative corrections to these values. Such corrections
order of magnitude but negative by the chiral quark-sohtonR(a) amounting to a factof1+R®,) in all the couplin
model[32] and negative but two orders of magnitude smaller VA’ tnfing - T=0 \vhich b v.A) IS/§RT=O Hpin
by the kaon-loop calculatiorf83]. A negative value of 2 is constants except i, ~ which become A, arevery

also preferred by the analysig] of the vp/vp elastic scat- difficult to calculate because they receive contributions from

tering data[1] which, however, has been criticized for the a varie.ty of p.rocesseéﬁigher—order terms in ew_k theory,
use of a unique cutoff mass for the three(SUaxial-vector hadromc physics effects. ; ). They have been estlr_na'ged by
form factors. various authorgfor a review see Ref[18], and citations

The different existing models widely disagree also aboutthereir) .using Qiﬁgrent approaches and approxin)wations with
sign and magnitude q&s which is predicted to range from rgsults in qualltatlve agreement. More premséﬁﬁ are es-
1.=0.4+03 uy [41] in the chiral hyperbag model to timated to be of the order of a few percent &R’ of the
ue=—0.75+0.30 uy [34] using QCD equalities among the order of some tenth of a percent. Therefore, wiR{®) can
octet baryon magnetic moments. Clearly, a modelbe neglected, the radiative correctioﬁg) must, in prin-
independent determination of the strangeness moments aralple, be taken into account.



55 DEUTERON ELECTROWEAK DISINTEGRATION 3121

C. Asymmetry To get an idea of how the exclusive asymmetry depends
As said in the Introduction we are interested in the helic-On the weak form factors of the nucleon it is convenient to

ity asymmetry of the coincidence cross section, which is de¢onsider the simplified form o(9.,=0°) obtained in the
PWIA model, which consists of taking into account only the

fined as
dominant contribution arising from the knocked-out nucleon
oh=+1)—a(h=-1) in the plane wavgPW) approximation for the final states
A(Yem, b)) = o(h=+1)+o(h=—1)’ (259  and in theS-wave deuteron state. In that approximation,

which accurately reproduces the full theory results for nucle-

wherea(h=*1) is the exclusive cross section for electronsOns detected in forward direction¥{ ,=0°), onefinds
polarized parallel f=+1) and antiparallel f=—1) to .
their momenta. From Ed2.31) we have A(Vem=0°)

Fypgh 7y g
F+¢  F

ngv'?\/;GMaA+gZ(UEGE6E+2U$TGME’M)

v GE+2v37Gy,

A(Oem.b)= (2.5 = —20eff

because is negligible with respect t¢F. The termF" is (259

the purely em contribution to the helicity-dependent part of Therefore, a measurement of the asymmetry for neutrons
the cross sectiofproportional to the fifth structure function emitted atd? ., =0° or, equivalently, for protons outgoing at
£45™") which vanishes in coplanar geomefsge Eq(2.33]. 9, ,,=180°, ailows one to determine the neutron weak form
Thus, considering the in-plane kinematics and to leading oractors. The difference with the asymmetry in e inclu-

der inG, the helicity asymmetry is given by the interference gjye reaction can be easily appreciated recalling the approxi-

of weak and em amplitudes and reads mate form of the inclusive asymmetiihe so-called static
_ _ approximatior{ 18]) which is similar to expressio(2.58 but
— e  he(em—A)h h ¢(em—A)h - . _ .
FA(Iem) = Ger Gv(vfT For fr ) depends on the incoherent sum of the contributions coming
+g8(pOf(em V)4 O lemV) 1 0 gem-V) from the proton and neutron. Thus, while the inclusive asym-
AVLTL T TOTHTL metry is sensitive to the average of the nucleon form factors,
L (G (257  the exclusive asymmetry feels the influence of the individual

form factors. This enhanced sensitivity might make it inter-

where the signt corresponds te»=0°,180°. Note that the esting to measure the exclusive asymmetry not withstanding
z axis is alongq and they axis is normal to the reaction the reduced rate of the coincidence cross section.
plane in the directiorkeX k.. Apart from minor dlfferenceséderlvmg from the not com-
In an experiment, the finite angular acceptance of thepletely covariant treatment of theml inelastic scattering, ex-
spectrometers makes it unavoidable to also collect nucleorgession(2.58 coincides with the PV electron-free nucleon
emitted out-of-plane and thus, apparently, to include in theasymmetry.
measured asymmetry the effect of the PC contributiéf Thus, the limiting cases well known from the analysis of
which could mask the PV asymmetry. Actually, the experi-the Pvép scattering apply in the P¥d exclusive disinte-
mental results correspond to an average of the theoreticgration, namely, the magnetic interactions dominate for elec-
expression2.56 over the spectrometer solid angle. In suchtrons backwardly scattered, while the electric interactions
an average the influence of the fifth structure function shoulglay a major role for electrons forwardly scattered. The ef-
vanish becauséﬁre[“)h enters the cross section multiplied by a fect of the axial form factor is suppressed because of the
factor sinp, if the spectrometer is exactly centered and sym-small value of the electron weak vector charge, as is already
metrical. Since this is not the case in a real experiment, onelear in the general expressi¢2.57).
has to consider the PC asymmetry in the out-of-plane kine-
matics close to the electron scattering plane. In the next sec- IIl. RESULTS
tion we shall give a quantitative estimate of how symmetrical
the hadron spectrometer must be in order to make possible to In this paper we limit our considerations to the low-
extract the PV asymmetry from the measured asymmetry. momentum transfer regiopQ?=0.1 (GeVk)? as in the
The PV exclusive asymmetr{2.57 shows a very rich SAMPLE experimentin order to minimize the impact of the
structure. In fact, it depends on six structure functions whictuncertainties in th&€? dependence of the strange form fac-
probe different components of the weak vector and axial curtors. To be explicit, in the calculations we take the values
rents. In principle, the effects of a particular component\®=5.6, \{{=0, A{=0 of the parameters which de-
could be singled out. For example, the longitudinal parts otermine theQ? fall off in the expressioné2.46) and(2.54) of
the weak currents appearing in longitudinal-transverse strucghe strange form factors. Because of the 9% considered,
ture functionsf{&™ A" and f{*™V) could be derived from these assumptions should not be crucial.
the difference ofA(Jd.,,) measured at the sami¥, ,, in the Furthermore, as reference values for the axial radiative
half-plane ¢=0° and ¢=180°. Other structure functions corrections we adop, °=—0.62 andR;~ ‘= —0.34 given
could be isolated by some generalized Rosenbluth decompby Musolf and Holsteir{14] using for the hadronic contri-
sition. However, it does not seem to us sensible to furthebutions the so-called best estimates for the weak meson-
elaborate on this point since such a program is, at the maaucleon vertices of Ref[37]. Finally, we use the value
ment, completely beyond experimental feasibility. ns=—0.12, deduced from the neutrino scattering experi-
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FIG. 1. Angular distribution of the proton asymmetd(3% ) FIG. 2. Dependence of the proton asymmettgd? ) on the

in the quasielastic region &%=0.1 (GeVk)?, 9,=160°, with  strange magnetic momeni, in the case ofd.=160°. The solid

ws=—0.31uy, r2=0.16 fm? [31]. Calculations are with the Paris line is the same as in Fig. 1. The other curves are for

potential(full line) and the OBEPF potentidtlashed ling ms=—0.75uy [34] (dashed ling ws=0.40uy [41] (dotted ling,
and u=0 (dot-dashed ling

ment, of the strangeness axial charge and, lacking a reliable

estimate of the radiative correction to the strangeness axial n R . .

coupling constant, we takB{’’=0. Because all the con- Of Ay at ¥, =0°. When combined with the results of the

stants entering the calculations, except the strangeness rad@R aSymmetry they can lead to an accurate determination of
and magnetic moment, have been fixed, we can concentratés- The comparison ofd, at ., =0° with the asymmetry

on the effect ofrg and ug on the exclusive asymmetry. in the ep scattering should serve as a check of the exclusive
In the following we report the proton asymmetry as aexpenrpent. _ _
function of the proton polar angles. ,, . To distinguish the Intuitively, the exclusive cross sectior,e’N) at the QE

half-plane ¢=0° and ¢=180°, we assign the positive peak ©Y =0°), where the detected nucleon is ejected in
(negative sign to 9, for protons emitted in the half-plane the direction ofg, should be very close to the cross section
¢=0° (¢=180°). The same figures can be used to deducéor electron scattering on the free nucleon. This is confirmed
the neutron asymmetryd,,, i.e., the PV asymmetry in the by actual calculations which givel,= —0.096< 10 * and
(6,e'n) reaction. Obviously, the value ofl, for neutrons ~“n=—0.140<10"* with the same choice of form factors
outgoing at (. ,¢) corresponds to the value of the proton @nd in the same kinematical conditions as in Fig. 1. For
asymmetry at f— 3¢, T+ @). comparison, the corresponding values in # exclusive
Let us start considering the angular distribution ofasymmetry are—0.097x 104 and —0.140x 104, respec-
Ay(9¢m) in the QE region for backward scattering electrontively. This fact will be exploited later on in the discussion of
(9.=160°), where the role dB(ES) is strongly suppressed. In the precision reachable in the determinationugt
Fig. 1 we plot the c.m. angular distribution of,(¥m) The knowledge ofA, can be exploited directly and
calculated with Jaffe’s valud81] of the strangeness radius through the ratio4, /A, , where the systematic uncertainties
(r2=0.16 fm?) and magnetic momentus=—0.31xy). In cancel to a very large extent sincg, an_d A, have b_e_en
order to study the dependence of the asymmetry orNtNe njez_isured under_ exactly the same experimental conditions. A
potential models, we have used the deuteron wave functiomdmilar cancellation of the sy;tematic errors has been envis-
as well asnp continuum wave functions calculated with the @9ed by the SAMPLE experiment which intends to use the
Paris potentia[38] and with the one boson exchange foldedatio Ap/Aq, where Ay is the asymmetry in the inclusive
diagram potential OBEPIE39] which gives predictions of ed inelastic scattering.
the NN data in close agreement with the full Bonn potential.  To show the effect on the asymmetry of variations in the
Actually, the final state interactions are taken into account irstrangeness magnetic moment we report in Fig. 2 our results
the multipole amplitudes up to= 6, while all the other mul-  for the Paris potential and for a selected set of predictions of
tipole amplitudes are evaluated in free-wave approximationjts. Among the values given by the different models we
as described in Ref[27]. The angular distribution of have chosen those defining the theoretical rangefi.e.,
Ap(9cm) is characterized by two minimgdnote that us=—0.75 uy [34] and us=0.4 uy [41]. Also reported
Ap(Fcm) is negative in all the range af. ,,] almost sym-  are the curves corresponding to Jaffe’s valugwef31] and
metric with respect t@ and by a maximum at 180°, where to us=0. Note that the Dirac strangeness radius has been
the asymmetry is a factor 1.5 higher thandt,,=0°. Ob-  held fixed atr?=0.16 fm? as deduced by Jaffe. This com-
viously such a maximum at backward proton angles correparison makes evident the strong sensitivity @g of the
sponds to the emission of neutrons at forward angles. asymmetry for electrons scattered in the backward direction.
The very weak dependence on &l potential model in To be more quantitative on the precision reachable in a
all the angular ranges suggests some reason beyond the falgttermination ofug, let us consider again the PW expres-
that the asymmetry is defined as a ratio of cross sectionsjon (2.58 of the proton and neutron asymmetry at
which could be the dominance of the transitions from theg}, =0° (N=p,n) and write it in the form
S-wave deuteron state. The advantage of the exclusive deu-
teron ewk disintegration which we already have alluded to
lies in the possibility of performing simultaneous measure- ANEAR,(1+aNpS+ byust cNR,TflJr dNRX:°+ enTs),
ments ofA, at &.,=0° and atd. ,=180° or equivalently (3.9
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TABLE I. Values of the constants entering the expres$s) of the proton and neutron asymmetries for
Q?=0.1 (GeVk)? and 9,=160°.

A° a b c d e
proton —0.88x10°° —0.16x107°2 —0.342 0.256 -0.072 —0.256
neutron -0.17x10°* —0.85x10°* 0.270 0.202 0.057 0.202

which exibits the dependence on the unknown strangenesgits onA, (full lines), on A, (dashed lines and for the
radius, magnetic moment, and axial chat@eunits ofga)  ratio.4,/A4, (dotted lines. The figure clearly shows that the
and on the radiative corrections to the axial-vector couplingatio is almost independent &¥,~* and this happens be-
constant. Actually, the possible modification due to radiativecayse it enters in the proton and neutron asymmetry with the
correctionsRY of the strange-quark axial coupling constantsame sign and almost the same value. Clearly, such an ex-

is understood in the last term in E@.1). periment allows one to tightly limit the value gfs and of
The values ofAQ and of the other constants are given in Ri° L.
Table 1. Note, first of all, the smallness af; which fully Conversely, once one has determinegand Ry~ 1, the

justifies our pr(e)vious statement about the sTubostantiaI indexatio A,/ A, could be exploited for getting information on
S ; =0 ; ~T_ .

pendence ofGg”. Second, the influence dR,™" is also  the isoscalar paG}~°(Q?) of the axial-vector form factor.

greatly reduced. Finally, we note thef; and ey have the fact, contrary to the isovector parélzl(Qz)

same value and the same sign in the case of the neutron &:O(QZ) contributes with opposite sign to the proton and

opposite sign in the case of the proton, as a consequence . ) ; :
neutron asymmetries. Further, if the isoscalar coupling con-

our choice \{¥=0. In fact, in this case we have Lo . :
_ A . : stant§1*° is assumed to vanish as predicted by the standard
ey=— 73Cy- In conclusion, if we further assume that the

axial-vector strangeness form factor is known from neutring0del at the tree level so thad,~°(Q?) reduces to the
scattering experimenfd0], the precisionsu, which can be ~ Strangeness contributidd$?(Q?), the effect of the radiative
reached in the determination of, depends on the experi- corrections to the strangeness axial-vector coupling constant
mental accuracy in the measurements and on the uncertaingpuld be studied.
on the isovector axial coupling constant. The exclusive asymmetiyl,(J. ) is plotted in Fig. 4 in
Then, from Eq.(3.1) we have that the uncertainty jp; ~ the same kinematical conditions as before, except for the
together with the error iRy~ * induce a fractional change in €lectron scattering anglé.=15°. In this kinematics, while
the backward-angle asymmetry given by the effehcts of the axial current are strongly suppressed be-
causev1—0, those of the electric weak vector current are
enhanced (?/20%—1). The asymmetry is calculated with
Jaffe’s values ofug and rg [31]. Because of its substantial
independence of thEN potential models, as seen in Fig. 1,
The Rlzl_,us correlation is displayed in Fig. 3, where we only the results obtained with the Paris potential are drawn.
have assumed an experimental et/ A= +7% as in the The sensitivity to the strangeness radius can be appreci-
SAMPLE experiment. The three error bands are for the reated from Fig. 5, where we compare our results of
Ap(9cm) for a restricted selection of predicte@, all other
1 — : parameters being the same. Besides that given by Jaffe and
0.75 3 ;' ; r§=0, we have used the two almost opposite values
: N ' r§=0.21 fm?, deduced by Hammeet al. [40] in their re-
SR 0 Ny vised dispersion analysis an§=—0.32 fm? obtained by
A 025 Kim et al. [32] (chiral-quark soliton modgl At first sight, a
N measurement ofl,( 9. ) in the forward direction or, better,
at 9. ,~70°—80° where the asymmetry has a maximum,

O6Apn
Apn

=(bpnSustCpndRA ). (3.2

of
-0.25 ‘
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FIG. 3. G?,Tfl—,us) correlation assuming an experimental error
Al A==*7%. The three error bands are for the resultsAn(full FIG. 4. The same as in Fig. 1 except fdg=15°. Calculations
lines), A, (dashed lings and the ratiad, /A, (dotted lineg. are with the Paris potential.
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the same as in Fig. 4. The other curves arerﬁor —0.32 f? [32]
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FIG. 6. Angular distribution of the PC proton asymmetry
Apd 9P ,,) at Q2=0.1 (GeVk)?, §,=160°, for p=2° (full line)
and ¢=4° (dashed ling Calculations are with the Paris potential.

Fig. 6 are for the case of backward emitted electrons and for
¢=2° and 4°. In the calculations oflp(9E ) we have

could lead one to discriminate between the different modelsalso included meson exchange currents of the pionic range
There is no such sensitivity in the asymmetry for neutronsand the main relativistic correctioi®arwin-Foldy and spin-
detected atd; ,,=0°, where the asymmetry is a factor 5 orbit terms as well as the wave function relativistic modifi-

higher. The reason is thaBR=0.09G2-GE-GY® and
G? is so large that variations i) cannot be of any im-
portance at lonQ?.

Actually, the precision on the extraction Di from such

cations which have been show27] to be sizeable in both
the longitudinal-transverse interference structure functions
™ and ™" The slight asymmetry afip( 9% ,,) in the

two half-planes fully comes from the small term proportional

experiment is strongly limited by the error induced by thet0 €osp in F. SinceAp(9¢,,) is antisymmetric around the

uncertainty in the other quantities determiniogy(9¢ ),

electron scattering plane the resultstf( 9% ,,) in the half-

and, particularly, inus. In fact, the same considerations of planes 360% ¢ and 180 ¢ follow from those in Fig. 6 by

Ref.[42] valid for theép cross-section asymmetry apply to
the exclusiveed cross-section asymmetry. This can be see

looking at the values of the parametexg,by reported in
Table Il. Clearly, the impact of the uncertainfy.s on Sp; is

weighted by a large factor, in fadb,/a,~3.36, and even
worse in the neutron case whebg/a,~—49.2. Also the

uncertainty inGy, and G can introduce sizeable errors in
GE(Q?). As pointed out in[23], the asymmetry of the in-

a simple change of sign. We can see that, apart from the very
forward and backward angles, the sizetf( 9" ,) is some

n .

units of 10°3, i.e., two orders of magnitude higher than the
PV asymmetry, thus requiring an extremely high level of
symmetry in the spectrometers in order to make negligible
the PC contributions to the measured asymmetry.

Actually, all our considerations of the coincidence PV
asymmetry are for the strict QE peak, i.e., for the region
aroundd? ;,=0° where the situation is much more favorable

clusive ed cross section seems more promising for a deterpecause the fifth structure function vanishestt,=0°, as
mination ofrg because the influence pf; is suppressed due can be seen in Fig. 7. Here, for typical values {3¢°) of
to the coherent sum of the proton and of the neutron contrithe horizontal angular acceptance of the spectrometers, the

butions.

PC asymmetry drops to some units of 20Therefore, if the

Finally, we address the issue of the finite acceptance ofpectrometers are symmetrical to five parts iff, e PC
the hadron spectrometers, which necessarily leads us to COgsymmetry should be cancelled at the §Gevel, thus allow-
sider the influence of the fifth structure function in the mea-ing one to determine the PV asymmetry to a few percent.

sured asymmetry. Since the typical values of the vertical

The situation is quite similar in the other case considered,

angular acceptance atep=*60 mrad, we have to consider je_ for forward emitted electrons. Here the PC asymmetry is

the PC helicity asymmetrydp(9% ) in the out-of-plane

one order of magnitude smaller than in the previous kine-

kinematics, just a few degrees above and below the electromatical case but the PV asymmetry is some units 610

scattering plane.

aroundd® ,=0°.

Similarly to the case of the in-plane kinematics, we report

in the same figure the results db( 9% ,) corresponding to

a full reaction plane, characterizing with positive values of

9%, the half-planesp and with negative values a#® ., the
half-plane 180% ¢. The results ofdp( 9% ) reported in

IV. CONCLUSIONS

The aim of this paper was to extend the possible PV ob-
servables which could be used for an experimental determi-

TABLE Il. The same as in Table | foff,=15°.

A° a b c d e
proton —0.17x10°° —-0.102 —0.343 0.067 —-0.019 —0.067
neutron -0.11x10°% —0.87x107°2 0.428 0.084 0.024 0.084
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0.15 ] is that the asymmetry of thed exclusive cross section in the
~ 01 QE region allows one to determine the PV asymmetries of
gj’ 0.05 both the electron-proton and electron-neutron scattering un-
e o der the same experimental conditions. Numerically, we have
o oos studied such PV asymmetry in the 10@7 limit in order to
pd o minimize the impact of the uncertainty on ti@@* depen-

' L dence of the form factors.
—015 g T T 6 s 10

We have shown that an experiment with electrons scat-
tered at backward angles could allow one to tightly constrain
the value of the strangeness magnetic moment. We have also

FIG. 7. The same as in Fig. 6 but for the restricted range of theshown that the asymmetry in the case of forward detected
proton emission angle 829 <10°. electrons is very sensitive to the strangeness radius. How-
. . ever, the precision in the extraction pf is rather small
nation of the weak form factors of the nucleon;To this endbecause the uncertainties in other quantities, and in particular
we have considered the helicity asymmetry of gaeexclu-  gn us, lead to large errors.
sive cross section in the coplanar geometry which, vanishing Finally, we have considered the problem connected with
in the PC theory, directly probes the weak neutral currents.the finite angular acceptance of the spectrometers and with

First of all, we have derived the general expression of theheir possible asymmetry in the vertical angles, which could
exclusive cross section in the electroweak the@argesult not  |ead to the inclusion in the measured helicity asymmetry of
yet reported in the literature to our knowledgerom this we  some contributions from the PC helicity asymmetry. We
have deduced the in-plane helicity asymmetry which dehave shown that at the QE peaft{,=0°) the PV asym-
pends on six structure functions, four of which were derivedmetry can be determined to a few percent if the spectrom-
from the interference of the em current and the weak vectogters are symmetrical to several parts if.10
current and two from the interference of the em current and
the weak axial current. We have also given an approximate
expression of4,(d. ) valid at ¥, =0°, which allows one
to discuss in simple terms the importance of the various
weak form factors. We thank J. Heidenbauer for providing us with the wave

Our expectation that the PV exclusive asymmetry shouldunctions corresponding to the OBEPF potential. This work
be of interest for the determination of the strangeness formnwas partly supported by Ministero della Universiadella
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