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ABSTRACT 

We have calculated the twist-four. spin-two corrections to neutral 

current neutrino scattering on isoscalar targets using the operator product 

expansion, determining the coefficients from perturbative Ouantum 

Chromodynamics and evaluating the nucleon matrix elements of the operators in 

the MIT Bag Model. We find the higher twist effects decrease sin*e, by about 
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One of the fundamental parameters in the standard electrnweak theory1 is 

sidY, and its precise determination is a subject of considerable current 

interest, particularly since its value hears heavily on the issue of grand 

unified theories, such as? Sll(5), in which the standard electroweak theory is 

emhedded. The perturbative radiative electroweak corrections to sin2Sw. as 

extracted from various data. have been calculated3 and typically amount to 

about 5%. In deep inelastic neutrino scattering, which can be used to measure 

sin2Sw, there are also nonperturbative Quantum Chromodynamic effects: namely, 

the higher twist corrections and these are, to some extent, intrinsically 

model dependent and therefore difficult to calculate reliably. Glick and Reya4 

have estimated that they could amount to as much as a 10% correction to sin*e, 

and, in view of their uncertainty, such a large effect would then obscure 

the issue of the precise value of sin*S, at the level of the electroweak 

radiative corrections. 

We have explored this question of higher twist effects in deep inelastic 

lepton scattering following the established systematic procedures: The 

bilocal product of the two quark current operators is expanded into local 

operators using the Wilson operator product expansion 6 (nPE). The coefficient 

functions obey the renormalization group equations and the anomalous 

dimensions of the operators are calculated using perturbative techniques. The 

model dependence of the higher twist effects is then isolated in the nucleon 

matrix elements of the local operators and numerical results can be obtained 

using some quark confinement model for the nucleon wave function. 

In the following we specifically consider the twist-four, spin-two 

effects in neutral current neutrino scattering and show that their effects on 

sin*S,, as extracted from these data, are considerably smaller than estimated 



by G1';c.k and Reya4. They are, however. comparable to the electroweak radiative 

corrections3 and cannot he ignored in certain kinematical regions, hut do 

become negligihle at large #, as expected. 

In our calculations we shall essentially adopt the basic approach of 

Politzer'l, but we shall use the rather convenient local operator hasis 

introduced by Jaffe and Soldate in their analysis of electroproduction and 

also follow some of their techniques, as well as those in the related work of 

Luttrell, Wada and Weber9 and Luttrell and Wadalp in computing the coefficient 

functions. As in these previous analyses, we shall make the approximation 

that the difference between @ and the renormalization scale y* can be 

ignored, which is equivalent to neglecting the anomalous dimensions of the 

local operators; in fact, this is tantamount to computing the coefficient 

functions perturbatively in the quark-parton model using the running OCll 

coupling constant as(#). And, finally, we shall use the MIT Bag Model11 to 

evaluate the nucleon matrix elements of the local operators. 

We begin by briefly reviewing some standard definitions and formulas we 

shall need later5. The inclusive cross section for neutral current 

neutrino-nucleon scattering v(k) + N(p) + v(k') + anything is of the form 

da 
- aUVw G2 

d@dv = 4nME pv 
(1) 

and the standard kinematical variables are q = k - k', ci? = -q2, 

v = pq = M(E-E'), x = @/2v and y = pq/pk = v/ME = (E-E')/E. The leptonic 

tensor is simply 

9. 
!Jv 

= -guvkk’ + kuk; + kyk; - izuYagkakua . (2) 
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The hadronic tensor is defined by 

W = : dz elqx 
uv <PICJu(Z). J"(n!!lP> 

and can he written in terms of the familiar structure functions 

vWL 2 ,b’.O’) = FL,2,3(O% , I 

W 
uv = (g*" - q,q,/q2wJLw? )/2x1 

- cg;” u u + P P q2/v2 - (Puq" + P,qu)/~iC~U2(v,02)/2x~ 

- ic ,".B(PGP~/~)cuW3(v,02)1 

where an average over nucleon spins is understood in Eq. (3). The neutral 

current in the standard model is 

J,, = il v,,[(+ - : sin2ewl(l - Y,) -: sin2ew (1 + u,)]u 

+ a Y,[(- $ + i sin2ew)(1 - y5) + i sin2ew(l + Y5)!d 

(4) 

where we have kept only the light quarks, u and d. The twist-two contributions 

to qv correspond to the free quark-parton model and the structure functions 

Wt,2,3 then depend only on the Rjorken scaling variable x = @/2v and can be 

written in terms of the (valence) quark distribution functions. 

ilue to the Ouantum Chromodynamic (PCD) interactions of the quarks there are 

two kinds of #--dependent corrections to the scaling limit: logarithmic scaling 

violations, which can be calculated in flCn using perturbation theory, and 

"higher twist" or nonperturbative PCTI corrections, which decrease as powers 

of nz. Phenomenologically, these are difficult to disentangle in the present 
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dataI?, thus hampering precise tests of perturbative ND. 

To estimate the higher twist effects we consider the Wilson nperator 

product expansion6 (OPE) of 

T =i; 
"" 

dz eiqz T [J 
11 

(z) ,1,(n)! , (6) 

where the connected part is understood. T,,v can be decomposed into scalar 

structure functions TL,2,3 completely analogously to Wu,, and in the physical 

region they are related by 

wi= l 5 IWITi Iv (7) 

where, again, an average over nucleon spins is understood. In the OPE of T,,,, 

we shall use the very convenient basis of local operators r$l'.+ due to 

Jaffe and SoldateR, which is completely symmetric and traceless, as well as 

free of contracted, convariant derivatives: 

T 
uv = J1, [(g,, - quyJ42h~14,2c:J$ 3 92) 

- (9,p1gvu2q2 - guul%qpp - gvp2ququ1 + guvqp1qP2)c:,n($ ' +) 

- ic 
YV af23 aulqgqu2C:,n($ 9 92n-lu3 “.4,, $.J” ~y--“n . 

In Eq. (8) n is the spin (dimension-twist) of the operators in the basis, 

while i = 1.2,... simply enumerates them. The coefficient functions 

C:,n($ , g2) (j = L.2.3) obey the renormalization group equation and their 

values at 02 = u2 can be determined using perturbation theory, which is 

sufficient since we shall neglect their anomalous dimensions, T! 
J.n' 

As noted 

above, the twist-two terms in Eq. (8) correspond to the free quark-parton model. 
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We shall be concerned here with the twist-four, spin-two corrections to 

T,,, (or Wuv ) and there are contributions conin from both diagonal diaoralns 

like Fi9. 1 and nondiagonal diagrams like Fig 2. It is convenient to consider 

the combination of products of the V - A and '1 + A currents 'I? and AA in the 

OPE. (The VA and AV interference terms do not contribute to twist-four, 

spin-two). The VV and AA contributions coming from diagonal diagrams like 

Fig. 1 are the same: viz., 

TL;"(VV) = T';'(AA) 

= $ CT;‘lu2t+ $l”2(w + ; fJ!y2vN (9) 

where 

+ I (qUqY- 

T”” = 6’ 6v q2 
"lU2 !Jl u12 

- (EP1qV + 6y " lq' )q* 2 + #"q rl 
Ul “2. 

Similarly, the corresponding twist-four, spin-two contributions coming from 

nondiagonal diagrams like Fig. 2 are 

Ty(VV + AA) = * 
q6 

$~u2(n;lp2(n) + #61u2 wt 

and 

TL;"(vv - AA) = -16 $- $~u2n~1p2 (0). (121 

We have checked that Eq. (9) and the sum of Eqs. (11) and (12) agree with the 

results for electroproductior?. 
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Next we turn to the evaluation of the matrix elements of the local 

operators flF1u7 , which must be of the form 

cpln~lu2(n)lp> = A~(P~~P~:! -i tGgg'lTu2). (13) 

The coefficients Ak can be evaluated in the nucleon rest frame using Some quark 

confinement model wave function for the nucleon. Since we are considering 

only transverse components, using rotational invariance, one finds 

Ak =; <Nlo;O(n) +; np(o)(N> il4) 

where <N(...(N> represents the isoscalar nucleon matrix element; that is, the 

average of the proton and neutron matrix elements. 

We shall consider quark confinement models for which the four-component 

ground state quark wave function is of the form 

f(r) q(r) = 
( ) 

X 

g-F g(r) (15) 

where x is a two-component spinor. Roth the diagonal and nondiagonal matrix 

elements of the four-quark operators can be expressed in terms of only two, 

model dependent, integrals over the space coordinates: 

II= f d3r[lf(r)12 + ls(r)1212 (16) 

and 

12= I d3rlf(r)/21g(r))2 . (17) 

In addition, one needs the matrix elements of nine different spin, color 

and flavor dependent four-quark operators in evaluating the complete matrix 



elements of the operations n . 
k 

For isoscalar targets these are the 

following: 

011 (n2ia2) - (X3!?! (:1> = -1n,fa (19) 

+ 
<H/ (cl a :\a/? ) - (0 ; la/?) (N> = -Id/q (10) 

<Nl (@ ‘: La/?) - (; Aa/2) /N> = lo/3 (7fi) 

<NJ (I3 ia/ * (I~ Aa/?) IN> = l/3 (71) 

<N( (13 ‘, ha/z) . (I3 G xa/z) IN> = -5/3 (22) 

<NI (I3* “, ia/2) . (: ka/7) IN> = -I (23) 

<N( (I3 0 Aa/2) - (Xa/2) IN> = -1 (24) 

<Nl (13 0 ‘, ia/2) . (: Xa/2) IN> = 1 (25) 

<N( (I3 : Xa!2) - (0 Z iaj2) IFI> = -513 (76) 

Here. of course, fl and 13 denote the quark charge and weak isospin while ", 

and Xa are the usual quark spin and color matrices. The matrix elements of 

gluon operators will he neglected since they enter with a coefficient snaller 

by an order of magnitude and the gluon content of the nucleon (at rest) is 

negligible. 

Combining our results above, one finds the neutrino neutral current cross 

section, including twist-four, spin-two effects to he 

parton = 1 
'NC"CC T'+ (- g I,/!4 + $$ 12/M) 

as(*o) 

% 

Ii/M + F 12,M)“s;~’ !sin23 w (77) +[-I + (- Lg 

+ [$ + (7$ as(“?,) 
I1!M - F IT/M) n2 

~-0 
ysin48w 



where, solely for convenience, we have normalized ob,C to the quark-partnn 

Imodel value of the chari;ed current reutrino cross section for isoscalar 

targets 
-parton 

acc 
= GrME,'?7 = n.70 x IY3a(&) cm'! (78) 

and have integrated over the entire range of y and vallles of @ ) ti. nf 
0 

course, in analyzing any specific experimenal data one should take into 

account the appropriate kinematical cuts as well as the experimental 

sensitivity. 

To numerically illustrate the effect of the twist-four, spin-two correc- 

tions on sin'0 w* we shall that assume all other corrections have already heen 

included in oNC. That is, we shall equate uflC/acc 
parton 

to the naive result 

l/2 - sin*aw 4 $! sin'+aw evaluated at sin'8 = 0.22Q ?: 0.0117, the world w 

average13. One then finds o NC,/O~;rto"Z n.31l-l. Using the MIT Rag Model values' 

for integrals II = 20.36 x ln" GeV3 and I2 = 3.21 x ill* GeV3 one finds then 

from Eq. (77) that sin20w = 0.226 for as(@) = Il.27 and r? = 2 GeV*, which 
0 0 

corresponds to present neutral current neutrino scattering data in the regime 

where the twist-four effects might he expected to be the most significant. 

At higher values of # these effects are yet smaller. 
a 

We conclude that the effect of twist-four, spin-two corrections to the 

neutral current neutrino cross section on isoscalar targets is to decrease 

sinZ8w by about 1::. Clearly, this is certainly much smaller than previously 

estimated'; indeed, quite small compared to the present experimental 

uncertainties. Nevertheless, these higher-twist effects will have to be taken 

into account when sin2e, can he determined to the precision of the electroweak 

radiative corrections3, which also decrease sin2sw by a few percent. 
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FIMIRE CAPTII'~IS 

Fig. 1. Typical 9iqhrr-twist diagonal ;li~~r,ms. 

Fiq. 7. Yyplcal higher-twist nondiagonal i.i,lgrams. 
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