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ABSTRACT 

Consideration is given to the asymmetries arising from the deep 

inelastic scattering of longitudinally polarized electrons and positrons 

with longitudinally polarized protons at e-P collider energies. 

Information from such measurements will provide means for testing models 

of nucleon spin structure. The Carlitz-Kaur model of spin structure is 

used as a guide for estimating the behavior of these asymmetries, which 

arise from the interference of the electromagnetic and neutral currents. 
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Deeply inelastic lepton-nucleon scattering has provided us with an 

impressive amount of information in support of the quark-parton model Of 

hadronic structure, and has played a key role in establishing QCD as the 

candidate theory of the strong interactions. All the information from 

deeply inelastic electron-nucleon scattering is contained in four 

independent structure functions, of which two are spin dependent, and 

reflect the spin distribution of the quark constituents inside the 

nucleon Cl]. Knowledge of these spin dependent functions is important 

for testing models of nucleon spin structure, as well as testing the 

predictions of perturbative QCD concerned with the scaling behavior of 

the spin dependent structure functions. In addition, knowledge of the 

parton spin distributions will be essential for the interpretation of 

spin dependent high energy phenomena involving hadrons. Examples of 

such phenomena include polarized W or 2 production from polarized 

proton-unpolarized proton collisions, and the polarized Drell-Yan 

process. 

In this paper, we will be concerned with the asymmetries arising 

from the weak-electromagnetic interference in polarized e-polarized p 

scattering at e-p collider energies. The interference effects in the 

neutral current sector are proportional to (q2/q2 + $9 and have the 

promise of becoming of order unity at projected collider energies. 

Consideration regarding the usefulness of polarization experiments at 

future e-p colliders have been presented in a recent report [21. In 

addition to providing important information on the internal spin 

structure of the nucleon, experiments carried out at e-p colliders will 

also supplement the study of the effects of the W and Z propagators [31. 
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Before turning to a discussion of the asymmetries, it iS Useful to 

list the various lepton-proton differential cross sections from which 

they are constructed. Let fi’i:‘, denote the probability of finding, in 

the proton, a quark of flavor i with spin parallel (antiparallel) to the 

proton’s spin and with fraction x of the proton’s momentum. The four 

differential cross sections describing the scattering of polarized 

electrons with polarized protons are: 

&K,P,‘l = 5x- 
dxdy m w i 
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The helicity of the colliding particles is denoted by the subscript 

R (right-handed), or L (left-handed). The factors oi are proportional 

to the cross sections for the scattering of polarized electrons with 

polarized quarks of flavor i, and are given by 
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and 
i 

G9 = I Qt* Qy 
z 2 

f 9ZReQRi , 
8" f'+MI, 

The Qem denote the electromagnetic charges, and the weak charges 

are given by 

Q: = 5,~ CC6 & CGL - QernsIvmJ I 

and QzR = s,b cc, ew C-r& - Qe”bPd a (3bl 

Here, T3L and TUB are the third component of weak isospin for left- and 

right-handed fermions, respectively. In the standard model assignment, 

all fermions are right-handed singlets: T 
3R 

-0. 

The corresponding set of cross sections pertinent to polarized 

e+-polarized p scattering are obtained from Eqs. (1) by replacing eL B + 

+ 
eB L on the left hand side, and making the substitutions 1 c-t (l-y) 2 on 

the right hand side. 

Although we will not be concerned with it here, one can also 

contemplate preparing the lepton beam polarized transverse to the beam 

direction. In this instance, the differential cross section formulae 

contain a different weighting of the spin distribution functions, 

relative to the longitudinal polarization case. 

The double asymmetry for the scattering of polarized electrons with 

polarized protons is defined as 

tU%.,pJ - d”Q%.,PR~ + d%(.(ep, fh) - $r(+, pr) 
4(e;p‘5= daV(eL,PLH dk(e,,P~\+ d*r(e,,pK)+d~(eR,pL) ' &) 
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and should be sensitive to the particular forms of the spin 

distributions, f;*(x), that occur in the cross section formulae from 

which A is defined. Thus, one may hope to test various models of 

nucleon spin structure through measurements of this asymmetry in 

different kinematic domains. Indeed, a recent measurement of the e-p 

asymmetry covering the kinematic range 0.18<x<O.70 and 3.5<q2<10.0 

(GeV/c)’ has been carried out, and the data appear to Single out two 

particular models [III. Of these two models, only that of Carlitz and 

Kaur is a parton model, whereas the other is based upon Schwinger’s 

source theory [5,61. References for the other proposed models can be 

found in the review by Hughes and Kuti [7]. For the rest of our 

discussion, we shall focus on the Carlitz-Kaur picture, so we can make 

predictions about the double asymmetries one might expect to observe for 

e-p scattering at colliding beam facilities. 

Our predictions involve the behavior of asymmetries at enormous 

energy scales (s=lO’-lo5 GeV’): one might question the reasonableness of 

using a particular model of spin structure, only known to be valid for 

low energies, as a reliable guide of spin structure at such extreme 

energies. We will in fact demonstrate that this is a reasonable thing 

to do, at least in the context of the Carlitz-Kaur model. In order to 

do SO, it will be convenient to present a brief review of the essential 

features of this model. 

In this model, the interactions between the valence quarks and the 

qq sea and gluons is taken into account by a phenomenological factor 

describing the spin dilution of the valence quarks. One introduces N(x) 
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and M(x) as the spin-weighted density of gluons and qq pairs relative to 

the valence quarks, and HN(x) and HM(x) as the probability of 

interaction between the valence quarks and gluons and the valence quarks 

and q: pairs, respectively. Then, the probability of the transfer of 

spin from the valence quarks to gluons and qi pairs iS 

ptxl = +(H., (XJ nlcx, t H,,w M(x) ) 
’ 

61 
HN(X) NW t iffj(XJ MlXJ t I 

Based on the fact that gluons carry roughly 50% of the proton IIIOmSntUm, 

one expects that HN(x)>>HM(x). In this approximation, 

y(x) = & hl,(xJ Ncxl (61 
H,tx~ Ntx, + / 

A measure of the spin dilution induced by the transfer of spin to the 

gluons is given by the factor 

(//,(X1 N(x) f I)-’ 0 I 

In finding the explicit form for N(x), appeal is made to Regge 

arguments for determining the x+0 behavior, and to dimensional counting 

rules for the x+1 behavior. Putting this information together leads to 

the parametrization N(x) - x-"~(~-x)~. HN is taken to be constant, so 

that HN(x)N(x) = Hox-"2(l-x)2. The crucial observation is to note that 

the factor in (7) is significantly different from unity only for Small 

x--where N(x) is appreciable. 

The final step is to express the nucleon's spin dependent Structure 

function in terms of the spin-averaged distributions and the spin 

dilution factor, (7). In the scaling limit, this StrUCtWe function is 

given by 

3p =+ c et 1 $j?K, -Q?x,j . 
i 
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Since g, measures the difference in the number of quarks with helicity 

parallel and opposite to the nuclear helicity (weighted by the square of 

the parton charge), it is given by the product of a term describing the 

asymmetries of the valence quark spins in the absence of interactions, 

together with the spin dilution factor: 

ax.+) = (H,X-qI-X~=+ fy’i$Ao -+1\ 

ax y@ = (Ho )(-y2(‘-x~t \)-‘I ~(kA4 . 

AI is the contribution from a valence quark term in which the 

noninteracting valence quarks are in a state of isospin I: 

A, = x uocl - +xdtx) 

Al = s xdcx) . 

The constant H o is fixed by demanding that Bjorken's rum rule be 

satisfied [81: 

(JO) 

~P”/SJ = & q-s:) ==; J; $ ,“;:.;$:,z+, . (I\) 
0 0 
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A knowledge of the spin-averaged valence quark distributions, u and 

d, together with the spin dilution factor (71, leads to a unique set of 

spin dependent distributions. Equating (8) and (9) leads to two 

relations for the four f. ++ 
. two additional equations may be obtained by 1 ’ 

writing out the nucleon’s spin averaged structure function. In the 

scaling limit, this is given by 

F,(X) = x C e;Z )$,7(x) + $A~cX,] . 
i 

The explicit solutions are: 

u 1x1 T 0) = * \I(‘0 ~1,(H,~-~(,-,)'+l~-'~~(x)-~d(~~S 

J$ -, *(I t_~(l-lox-~w xft I)-') J(X) 

In returning to the question of the possible applicability of this 

model to extreme high energy processes, we should first point out that 

up to now in our discussion, we have limited OurSelveS to pure parton 

model concepts. Indeed, since we are especially interested in 

evaluating various asymmetries over a considerably wide range in q2, it 

would be proper to incorporate asymtotic freedom (scale-breaking) 

effects in our treatment. This can be done with the well-known method 

of Altarelli and Parisi [9]. In this context, the remarkable feature of 

the Carlitz-Kaur model is that, to a very good approximation, it allows 

one the option of first QCD-evolving spin-averaged distributions, before 

extracting the explicit spin dependence. The key to this assertion lies 

in the small x behavior of the spin dilution factor (7). Suppose we 

were to q2-evolve u’(x); in the notation of Altarelli and Parisi, we 

would be faced with solving the equation 

03) 
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+U(y)+~ (H,y-+ (,-yf+$@lu, -$d(yil\P($), (1~) 

where t = log(q*/qE), and we used (13) for the form of u’ at some 

2 reference value of q’ = 90. Because x<y<l in the above integral, and due 

to the behavior of the spin dilution factor noted earlier, it is a good 

approximation to factor the dilution term out of the integration. The 

error introduced comes only from the very small x region. It thus 

suffices to q’-evolve the spin averaged distributions before applying 

the Carlitz-Kaur scheme to model the spin dependence. The error is 

controlled by HC, which goes to zero for HO+O. For the distributions we 

have used, Ho is of order 10-1-10-2. The point we would like to 

underscore here is the tremendous amount of effort saved by first 

building in the scale-breaking effects followed by the spin extraction. 

The alternate route would involve grappling with twice the number of 

(coupled) integro-differential evolution equations. 

As we remarked previously, the Carlitz-Kaur model is the only 

parton model compatible with the existing e-p asymmetry data. We have 

also pointed out how their way of modeling spin structure essentially 

“commutes” with the process of evolving the distributions in q*. Thus, 

our estimates of e-p asymmetries at very large values of q2 should 

provide quite reasonable guides to what is happening in this regime. 

Our estimates make use of a recently developed set of q2-dependent 

spin-averaged distributions ClOl. 

To check the compatability of this set, and our method in general, 

we compare our evaluation of the asymmetry parameter to that measured by 

Baum et al., ref C41. The results are given in Fig. 1. The agreement 

is impressive. In the comparison, we fixed the value of q2 = 6.30 
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(GeV/c)‘, which is the average q2 of their data. 

It is instructive to examine the behavior of Ace-,p) in the MZ+c 

limit, i.e., scattering mediated by photon exchange only. This limit is 

depicted in Fig. 2 for q* = 10, 103, and 10’ (GeV/c)‘. The q2-dependence 

in this limit is rather weak, arising solely from the explicit 

q2-dependence of the individual spin distributions. This weak 

dependence should not come as any surprise, since scaling is predicted 

to be broken only logarithmically--a fact in accord with present 

experiments. The slight widening apart of these curves for 0.05<x(o.40 

is a remnant of the fact that, when evolving a particular parton 

distribution to higher q’, the most probable value of x decreases to 

zero. Hence, the only significant q* dependence in this asymmetry can 

come only from the small x region. The sharp drop of the asymmetry to 

zero for x near zero is due to the rapid turn off of the spin dilution 

factor in this range of x. 

The interesting behavior comes about when we restore the coupling 

to the Z boson. The q2-stability displayed in Fig. 2 breaks down due to 

the weak and electromagnetic interference effects, as shown in Fig. 3. 

The neutral current couplings tend to enhance the e-p asymmetry, and the 

relative increase in Ace-,p) from one momentum scale to the next should 

follow the basic pattern shown. This particular q2 behavior of A(e-,p) 

is independent of the particular q2 dependence of the structure 

functions and originates from the interference term, (q2/q2 + Mz). Of 

course, the x-dependence of A for a given q 2 will indeed depend on the 

explicit form of the structure functions. 



-ll- FERMILAB-Pub-84172-T 

As indicated by the cross section formulae, (I), the asymmetry A 

also has an explicit dependence on y, the relative energy loss of the 

lepton. We averaged over this variable in presenting Figs. 2 and 3. To 

see the dependence on y, we plot the asymmetry for y = .25, .50, and .75 

for a fixed q2 = 10’ (GeV/cj2 in Fig. 4. 

Additional information can be obtained from polarized e+-polarized 

p scattering. Actually, this assertion is only true for y&O, otherwise 

we have A(e+,p) = -Ace-,p), as shown for q2 = 104 (GeV/cj2 in Fig. 5. 

If one takes MZ+m as well, these asymmetries vanish identically. If we 

average over y. we get the cwves in Fig. 6., showing A(e+,p) for q2 = 

10,103, and 10’ (GeV/cj2. The dependence on y for q2 = 104(GeV/c) 2 is 

shown in Fig. 7. The marked contrast in the behavior of A(e+,p) 

compared to that of Ace-,p) reflects the different weightings of the 

weak couplings at the lepton-quark vertex that are probed by using a 

positron versus electron beam. 

For the sake of completeness, we should mention that the single 

asymmetry measurements (polarized lepton beam and unpolarized target) 

which have been carried out, do not provide any constraints bearing on 

the x-dependence of the quark distributions [ill. This is because these 

experiments have been performed using isoscalar targets, for which u(x) 

= d(x), and the x-dependence drops out of the single asymmetry. 

In this paper-, we have tried to emphasize the wealth of information 

contained in the double asymmetry measurements carried out at collider 

energies. We have presented what we believe to be reasonable estimates 

of the asymmetries one might expect to observe. A direct calculation of 

the quark spin distribution inside the nucleon, starting from the 

equations of QCD is a difficult nonperturbative calculation, not 
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presently amenable to a rigorous treatment. Thus, further insight to 

the nucleon’s spin dependent structure functions can only come with 

additional testing of the phenomenological models. In addition to 

adding to ow general knowledge of the nucleon structure, these 

asymmetry measurements, carried out with positrons as well as with 

electrons, will yield important information on the neutral current 

couplings of the standard model. 
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FIGURE CAPTIONS 

Fig. 1: Our estimate for the double asymmetry parameter A/D in 

polarized electron-polarized proton scattering. The data is 

taken from reference [4]. 

Fig. 2: The double asymmetry A(e-,p) in the limit of an infinitely 

heavy Z boson. The dependence on y has been integrated out. 

Fig. 3: The double asymmetry A(e-,p) with the coupling to the 2 

restored. The dependence on y has been integrated out. 

Fig. 4: The double asymmetry A(e-,p) for q2 = lo4 (GeV/cj2 at three 

different values of y. 

Fig. 5: The double asymmetries Ace-,p) and A(e+,p) at y=O and q2 = lo4 

(GeV/cj2. 

Fig. 6: The double asymmetry A(e+,p) averaged over y for three 

different values of q2. 

Fig. 7: The double asymmetry A(e+,p) for q2 = lo4 (GeV/cj2 at three 

different values of y. 
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