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Abstract

We will try to review different methods based on electroweak interac-
tions which can be used to extract polarized parton distributions. Our basic
knowledge on parton distributions, coming from deep inelastic scattering in
leptoproduction, will be reexamined and we will present a simple construc-
tion for unpolarized and polarized structure functions in terms of Fermi-Dirac
distributions. We will also emphasize the importance of longitudinally and
transversely polarized proton-proton and proton-neutron collisions at high
energies for improving the determination of polarized quark distributions, in
particular by means of gauge bosons and lepton-pair production.
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Abstract. We will try to review different methods based on electroweak in-
teractions which can be used to extract polarized parton distributions. Our
basic knowledge on parton distributions, coming from deep inelastic scattering
in leptoproduction, will be reexamined and we will present a simple construc-
tion for unpolarized and polarized structure functions in terms of Fermi-Dirac
distributions. We will also emphasize the importance of longitudinally and trans-
versely polarized proton-proton and proton-neutron collisions at high energies
for improving the determination of polarized quark distributions, in particular
by means of gauge bosons and lepton-pair production.

1. INTRODUCTION

The spin structure of the nucleon is not yet fully understood and in spite
of some recent measurements in polarized deep inelastic scattering, several
puzzling questions remain unanswered. The spin dependent structure func-
tions for proton and neutron are now more accurately determined in the low
Q? region, but the validity or breakdown of the corresponding first moments
sum rules are still the subject of many theoretical speculations. According to
the standard interpretation of the data, it seems that only one third of the
nucleon spin is carried by the quarks, a small fraction indeed, when compared
to what one would naively expect. The amount of the proton spin carried
by the sea quarks and the antiquarks is not firmly established and we still
don’t know what is the role of the axial anomaly and how much the gluon
participates in the nucleon spin. These are some the reasons why polarized
parton distributions are still so important and the purpose of this lecture is
to review different methods involving electroweak interactions, which allow
to measure these fundamental physical quantities.

The outline of the paper is as follows. In section 2 we will present a con-
struction for the neutron and proton unpolarized structure functions in terms
of Fermi-Dirac distributions by means of a very small number of parameters.
By making some reasonable and simple assumptions, one can relate unpolar-
ized and polarized quark distributions and predict the proton and neutron
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spin dependent structure functions. In section 3 this set of polarized quark
distributions will be used to study various helicity asymmetries for W, Z
and dilepton production in pp and pn collisions with longitudinally polarized
protons at RHIC. Section 4 will be devoted to the case of transversely po-
larized protons, transverse spin asymmetries and in particular, we will stress
the relevance of lepton-pair and Z production to determine quark transversity
distributions.

2. DEEP INELASTIC SCATTERING

We will start by studing deep inelastic scattering and we will make use
of some simple observations and advocate the Pauli exclusion principle, to
construct a reliable set of quark, antiquark and gluon distributions.

Many years ago Feynman and Field made the conjecture!!] that the quark
sea in the proton may not be flavor symmetric, more precisely d > #, as
a consequence of Pauli principle which favors dd pairs with respect to ui
pairs because of the presence of two valence u quarks and only one valence
d quark in the proton. This idea was confirmed by the results of the NMC
experiment(? on the measurement of proton and neutron unpolarized struc-
ture functions, F3(z). It yields a fair evidence for a defect in the Gottfried
sum rulel and one finds

1
Ie = / .‘i_’[pg(x) — Fy(z)] = 0.235 £ 0.026 (1)
o

instead of the value 1/3 predicted with a flavor symmetric sea, since we have
in fact

Ig =1/3u+u—d-d)=1/3+2/3(a - d). &)

A crucial role of Pauli principle may also be advocated to understand the well
known dominance of u over d quarks at high z,/) which explains the rapid
decrease of the ratio FJ'(z)/F}(z) in this region. Let us denote by ¢'(¢!),
u or d quarks with helicity parallel (antiparallel) to the proton helicity. The
double helicity asymmetry measured in polarized muon (electron) - polar-
ized proton deep inelastic scattering allows the determination of the quantity
A} (z) which increases towards one for high z,/%8 suggesting that in this re-
gion u! dominates over u!, a fortiori dominates over d' and d!, and we will
see now, how it is possible to make these considerations more quantitative.
Indeed at @* = 0 the first moments of the valence quarks are related to the
values of the axial couplings

uId=l+F3 ufrd:l—Fy dzal=1+F2—D1 d\lral=1_F2+D1 (3)



so by taking F = 1/2 and D = 3/4 (rather near to the quoted values!”
0.461 + 0.014 and 0.798 % 0.013) one has u!; = 3/2 and ul,, = 1/2 which
is at the center of the rather narrow range (dld,d‘l,u) = (3/8,5/8). The
abundance of each of these four valence quark species, denoted by pya, is
given by eq. (3) and we assume that the distributions at high Q2 “keep a
memory” of the properties of the valence quarks, which is reasonable since for
z > 0.2 the sea is rather small. So we may write for the parton distributions

p(z) = F(z,pval) 4)

where F is an increasing function of pya. The fact that the dominant distri-
bution at high z is just the one corresponding to the highest value of pyy,
gives the correlation ebundance - shape suggested by Pauli principle, so we
expect broader shapes for more abundant partons. If F(z,pya) is a smooth
function of pval, its value at the center of a narrow range is given, to a good
approximation, by half the sum of the values at the extrema, which then
implies!®

uly(z) = 1/2da(2). (5)
This leads to

Auya(z) = uly(2) — uly(2) = vya(z) — dva(z) (6)

and, in order to generalize this relation to the whole u quark distribution, we
assume that eq. (6) should also hold for quark sea and antiquark distributions,
so we have

Atyeq(z) = Ati(z) = (z) - d(z) . (M
Moreover as a natural consequence of eq. (3), we will assume
Adya(z) = (F — D)dva(z) . (8)

Finally we will suppose that the d sea quarks (and antiquarks) and the strange
quarks (and antiquarks) are not polarized i.e.

Adyea(z) = Ad(z) = As(z) = A3(z) =0 . (9)

Clearly the above simple relations (6)-(9) are enough for fixing the de-
termination of the spin dependent structure functions z¢?""(z, @?), in terms
of the spin average quark parton distributions. We now proceed to present
our approach for constructing the nucleon structure functions F}'"(x,Q?),
zFYN(z,Q?), etc... in terms of Fermi-Dirac distributions which is motivated

3 .

by the importance of the Pauli exclusion principle, as we stressed above. Let
us consider u quarks and antiquarks only, and let us assume that at fixed
Q2,ul&|(z), uid(x), i'(z) and !(z) are expressed in terms of Fermi-Dirac
distributions, in the scaling variable z, of the form

zp(z) = apa® /(exp((z — #(p))/7) +1) - (10)

Here &(p) plays the role of the "thermodynamical potential” for the fermionic
parton p and % is the “temperature” which is a universal constant. Since va-
lence quarks and sea quarks have very different z dependences, we expect
0 < b, <1 for uli}(z) and b, < 0 for @'!(z). Moreover (p) is a con-
stant for ul:}(z), whereas for al"}(z), it has a smooth = dependence. This
might reflects, the fact that parton distributions contain two phases, a gas
contributing to the non singlet part with a constant potential and a liquid,
which prevails at low z, contributing only to the singlet part with a potential
slowly varying in z, that we take linear in \/z. In addition, in a statistical
model of the nucleon!®!, we expect quarks and antiquarks to have opposite
potentials, consequently the gluon, which produces ¢§ pairs, will have a zero
potential. Moreover, since in the process G — ggea + §, ¢sea and § have op-
posite helicities, we expect the potentials for ul,, (or @') and @! (or ul,) to
be opposite. So we take

#al)y= i@ )y =z0 +21V7 . (11)

The d quarks and antiquarks are obtained by using egs. (5) and (7) and
concerning the strange quarks, we take in accordance with the datal'® s(z) =
8(z) = (@(z) + d(z))/4 . Finally for the gluon distribution, for the sake of
consistency, we take a Bose-Einstein expression given by

2G(z) = agz®® [(ezp(z/z) — 1) (12)

with the same temperature 7 and a vanishing potential, as we discussed above.
Since it is reasonable to assume that for very small z, 2G(z) has the same
dependence as z§(z), we will take bg = 1+ b, where b is b, for the antiquarks.
So, except fo the overall normalization ag, 2G(z) has no free parameter. All
the distributions considered so far depend upon eight free parameters! which
have been determined by using the most recent NMC datal?l on Ff(z) and
FP(z) at Q® = 4GeV? together with the most accurate neutrino data from
CCFRI%1% on 2 F¥N(z) and the antiquark distribution zg(z) ['%.

As an example of the results of our fit, zFy"(z) is presented in Fig. 1.
As shown in ref.[11] the description of the data is very satisfactory, taking

! To identify them, see ref.[11] where their values are also given.
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into account the fact that we only have eight free parameters and this cer-

tainly speaks for Fermi-Dirac distributions. Note that we find I = 0.228 in

beautiful agreement with eq. (1). The steady rise of z§(z) at small z leads

to a rise of Ff which is consistent!'!] with the first results from Hera.
1 ey —

Q* = 4Gev*

Fig.1 - The structure fune-
tion zF¥N(z) versus z.
Data are from ref.[12] at

Q? = 3GeV? and the solid
line is the result of our fit
from ref.[11].

xFy"(x)

Fig.2 - zg¥(z) at < Q% >=
3GeV? versus z. Data are
from ref.[6] and solid line is
our prediction.

xg|’(x)

Let us now turn to the polarized structure functions zg{'"(z, @?) which
will allow to test our simple relations (6)-(9). We show in Fig. 2 our prediction
together with the recent proton data from SLACI® at Q? = 3GeV? and we
find

1
I, =/0 gt (z)dz = 0.138 (13)

which is consistent with the evaluation of ref.[6], I, = 0.127 + 0.004 (stat.)
40.010 (syst.). It is well below the Ellis-Jaffe sum rulel*4] prediction of 0.160+
0.006 and we interpret it as being due to a large negative contribution of Au,.,
and A# in the small z region (see eq. (7)).

Concerning the neutron polarized structure function zg}(z) we show in
Fig. 3 a comparison of the SLAC datal'¥ at Q% = 2GeV? with our theoretical
calculations. The dashed line corresponds to the case where d quarks are
assumed to be unpolarized and it clearly disagrees with the data. However
by including the d valence quark polarization according to eq. (8), we obtain
the solid line in perfect agreement with the data and we find for Q% = 2GeV?

1
I, =/ g1 (z)dz = -0.020 . (14)
0
—
0.04 | -
41 Q® = 2GeV® ]
0.02
X
c—‘ o
up
H]
-0.02
-0.04 | .
tasal i it 1 aaaal ' Lk
107% 107!
X

Fig.3 - zg}(z) at < Q% >= 2GeV? versus z. Data are from ref.[13]
together with our predictions at Q% = 2GeV? from ref.[11] (Dashed line is
the contribution of Au(z) and A#(z) only and solid line contains, in addition,
the contribution of Ad,qy(z)).



Finally our results for the parton polarizations Ag(z)/q(z) at Q* =
4GeV? are shown in Fig. 4 and we will now discuss how polarized pp and
pn collisions at high energies can provide an independent determination of
these polarized distributions.

-

| S

-1 . s 1
107 107
X
Fig.4 - Parton polarizations Ag(z)/q(z) versus z at Q2 = 4GeV? ob-
tained from eqs.(6)-(9).

3. HELICITY ASYMMETRIES AT RHIC

A Relativistic Heavy Ion Collider (RHIC) is now under construction at
Brookhaven National Laboratory and, already more than three years ago, it
was realized that one should propose a very exciting physics programmel!®]
provided this machine could be ever used as a polarized pp collider. Of course
all these considerations relie on the foreseen key parameters of this new facil-
ity, i.e. a luminosity up to 2.1032¢cm™2sec™! and an energy of 50 — 250 GeV
per beam with a polarization of about 70%. Since then, the RHIC Spin
Collaboration (RSC) has produced a letter of intent!’s! and has undertaken
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several serious studies in various areas which have led to a proposal(*”] which
has now been fully approved.

A very copious production of W¥ and Z bosons!'® is expected at RHIC,
because in three months running, the integrated luminosity at /s = 500GeV
will be 800pb=!. In a recent articlel!¥, it was shown that unpolarized cross
section in pp and pn collisions allow an independent test of the flavor asym-
metry of the light sea quarks mentioned above i.e. d(z) > @(z), but here we
will only recall some of the results obtained for the various spin-dependent
observables.

3.1 Parity-violating asymmetries A;, Af} and ALY

Since RHIC is planned to be used as a polarized pp collider, let us now
investigate what we can learn from the measurement of the helicity asymme-
tries and in particular from parity-violating asymmetries which involve the
electroweak Standard Model couplings. In principle one can consider three
parity-violating asymmetries defined as

- —04 PV _O—— =044 —PV Oy — Oy
Ap=——— , Alj=—7 , A =— (15)
0’_+0'+ a__+a++ 0_++O+-

where 0,4, is the cross section where the initial protons have helicities &, and
h, and o}, is the case where only one of the proton beam is polarized. Clearly
if parity is conserved o4,4, = 0—p,~1n;, Oh = 04 so all these asymmetries
vanish. Because of the axial vector couplings this is not the case in the
Standard Model and these helicity asymmetries will be expressed in terms of
the parton helicity asymmetries Af(z,@?) which are known at Q% = 4GeV?
from the above analysis. In the Standard Model the W is a purely left handed
current and Ar, in W production, reads simply

Au (:ca,Mﬁy)(—i(xb,Mgv) -(ue d)

- 16
u(xa,Alfv)R(m;,,Ma,)-}-(u - d) (16)

ALly) =

assuming the proton a is polarized, and a similar expression can be written
for the case of pn collisions!9].

Turning to the double helicity asymmetries AL} and ALY, for pp colli-
sions they are explicitely given in ref.[20] and one finds that AL} is symmetric

in y whereas A;; is antisymmetric, so we have
—PV —PV
ALLW) = ALL(-y) » ApL(y)= AL (-y) (17)

A priori these helicity asymmetries are three independent observables,
but if one makes the reasonable assumption AuAd << ud for all z, one gets
the two following relations

ALY (v) = AL(y) + AL(-v) (18)
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AL, (v) = AL(y) - AL(-y). (19)

So within this approximation, the double spin asymmetries A} and
ZZ{ do not contain any additional information than that contained in the
single spin asymmetry Az(y) and in particular at y = 0, where the cross
section is maximum, A7} = 24, and A;; = 0. In order to calculate these

asymmetries we have used the above model for the various parton helicity
asymmetries Au,, Au,, AT, Ad,, Ad,, Ad evaluated at Q* = M},.

1 U — S—
Vs = 800 GaV
08+ 4
0.4 pp——)V’ 7
<

0.2+ .
0pF .
-0.2 pp-->W b
|-y P | i PYN DO SRR YT R |

-1 ~-0.5 0 0.5 1

y

Fig.5 Parity-violating helicity asymmetry Ay versus y for W+ and W~
production in pp collisions at /s = 500 GeV.

The results of our calculations for W# production are presented in Fig.5
for AL with this choice of polarized parton distributions. The general trend

of AL can be understood as follows: from eq.(16) and a similar expression for
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W~ production by permuting u and d, one sees that for y =0

wt_1(Au Ad -_1(Ad Aw
=3 (T-F) w7 =3(7-F) @

&

evaluated at z = Mw/\/s, for y = —1 one has

-  Ag
A{V"~-%d and AV ~ -2 (21)

evaluated at 2 = 0.059 and for y = +1 one has

A{V‘%% and AY ~ =5 (22)

evaluated at = = 0.435.

So the region y ~ +1 is controled by valence quark polarizations while
y =~ —1 is very sensitive to the sea quark polarizations. Similar calculations
have been done for pn collisions!!® and also for Z production.

Finally by using eqs.(18) and (19), one obtains from Fig.5 the following
rather good estimatesi.e. 0.40 < APY < 0.60 for W+ production and AT} ~
0 for W~ production in pp collisions.

3.2 Parity-conserving asymmetries Ay,

In pp collisions where both proton beams are polarized, there is an-
other observable which is very sensitive to antiquark polarizations, that is
the parity-conserving double helicity asymmetry A, defined as

= T4+ +0.—04 ~0y (23)
Opg + O + 04 + 04

AL

This asymmetry, in W+ production, reads simply

Au(ze, MYy) A < d(ay, MYy) +(u e d)

(24)
w(xq, ME) < d(xs, MY)+ (u o d)

ApLt(y) = -

For W~ production quark flavors are interchanged. It is clear that AL (y) =
ALL(—vy) and that Ayp = 0 if the antiquarks are not polarized, i.e. A <
u(z) = Ad(z) = 0. Similarly for Z production we find

> (a? +02) [Agi (za, M3) AGi (5, M3) + (20 = 25)]

i=u,d
Arily) = ——< (25)
> (@ +87) [gi (zar ME) G (25, M3) + (20 & 23)]
1=u,d
10



which will vanish for unpolarized antiquarks. We show in Fig. 6 our predic-
tions for the three cases at \/3 = 500GeV. Clearly as a consequence of eq. (9)
App = 0for W+ production but if Ad(z) # 0, it would be non-zero and of
opposite sign to Ad(z). For W™ production for y = 0 we get Ay, = -84 4L
evaluated at * = My //s which gives around —10% and from the trend of
the d and # polarizations similar to that shown in Fig. 4, we also expect Ay
to be almost constant for -1 < y < +1. For Z production as a consequence
of eq. (9) Az ~ +10% and does not depend on the d quark polarization.

3
Vi = 600 GeV

J

o
pp——>z°

F o} .
Pp-->W

o S et - -
pp-->V¥

-0.2 4 1 L 1 L

-1 -0.6 0 0.6 1

y

Fig.6 - Parity-conserving double helicity asymmetry Ap; versus y for
W# and Z production in pp collisions at /5 = 500 GeV'.

Finally let us consider lepton-pair production and in this case the expres-
sion for App(y) follows from eq.(25) where g; is replaced by e;, the electric
charge of ¢, and b = 0. We have calculated Ap; at /s = 100GeV which
seems more appropriate to the acceptance of the detectors at RHIC and the
results are shown in Fig.7. We observe that Ay, increases for an increasing
lepton-pair mass M and of course for Ai = 0 we would have Ay = 0.

11

v v T ' '
pp--> u'u X
Vi = 100 GeV
0.15 ]
M = 18 GeV
Foaf ]
M = 10 GeV
M = 8 GaV
0_06 M.._.m....,.v“.M.‘w...m-.....-........, Arereseareconmens N
1 1 . .
0 o2 04 08 08 !

Fig.7 - Parity-conserving double helicity asymmetry App versus y fcrr
dilepton production at /3 = 100GeV and different values of the lepton-pair

mass.

4. DOUBLE SPIN TRANSVERSE ASYMMETRIES Arr

So far we have considered collisions involving only longitudinally polari-
zed proton beams, but of course at RHIC, transversely polarized protons will
be available as welll!”], This new possibility is extremely appealing because
of recent progress in understanding transverse spin effects in QCD, both at
leading twist!?!] and higher twist levelsl*3. For the case of the nucleon’s helic-
ity, its distribution among the various quarks and antiquarks can be obtained
in polarized deep inelastic scattering from the measurement of the structure
function g,(z) mentioned above. However this is not possible for the transver-
sity distribution h;(z) which describes the state of a quark (antiquark) in a
transversely polarized nucleon. The reason is that h;(z), which measures
the correlation between right-handed and left-handed quarks, decouples from
deep inelastic scattering. Indeed like g(z), hi(z) is leading - twist and it
can be measured in Drell-Yan lepton-pair production with both initial proton

12

<



beams transversely polarized!?!]. Other possibilities have been suggested!??]

but in the framework of this lecture, we will envisage also a practical way
to determine h;(z), by using gauge boson production in pp collisions with
protons transversely polarized. Let us consider the double spin transverse
asymmetry defined as

_%nn—oun (26)

Arr =
arp+oqy

where o11(0)) denotes the cross section with the two initial protons trans-
versely polarized in the same (opposite) direction. Assuming that the under-
lying parton subprocess is quark-antiquark annihilation, we easily find for Z
production

3 (8 - @) [ (za)hE (1) + (24 o 24)]

A = i=u,d . 97
” D (a? +82) [gil7a)di(3s) + (20 > 7)) 27)

i=u,d

This result generalizes the case of lepton-pair production(?!] through an off
shell photon v* and corresponding to b; = 0 and a; = e;, as mentioned above.
For W production, which is pure left-handed and therefore does not allow
right-left interference, we expect Ar = 0, since in this case a? = b?. This
result is worth checking experimentally.

So far there is no experimental data on these distributions A{(z) (or
h{(z)), but there are some attempts to calculate them either in the framework
of the MIT bag modell?!] or by means of QCD sum rules(?!. However the
use of positivity yields to derive a model-independent constraint on hi(z)
which restricts substantially the domain of allowed values(?®]. Indeed one has

obtained
9(z) + Bg(z) 2 2|h{(z)]. (28)

which is much less trivial than

g(z) 2 |h{(z)], (29)

as proposed earlier in ref.[21].
In the MIT bag model, let us recall that these distributions read(?1l

¢=f+g", Ag=f"~-1/3¢" and hf=f*+1/3¢° (30)
and they saturate (28). In this case, we observe that h{(z) > Ag(z) but this
situation cannot be very general because of €q.(28). As an example let us

assume hi(z) = 2A¢(z). Such a relation cannot hold for all z and we see that
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€q.(28), in particular if Ag(x) > 0, implies g(z) > 3A¢(z). This is certainly
not satisfied for all # by the present determination of the u quark helicity
distribution, in particular for large z where A%(z) is large!>l. The simplifying
assumption h{(z) = Ag(z), based on the non-relativistic quark model, which
has been used in some recent calculations!!®?% is also not acceptable for all
z values if Ag(z) < 0 because of eq.(28). To illustrate the practical use of
€q.(28), let us consider eqs.(6) and (7). It is then possible to obtain the
allowed range of values for h¥(z), namely

u(2) ~ 3d(2) 2 1h3(a)| (31)

which is shown in Fig.8. In this case, we have checked that for z > 0.5, both
the results of the MIT bag modell?"] and the QCD sum rulel®¥] violate this
positivity bound, combined with low Q? data. A similar calculation can be
done for the d quarks to get the allowed region for hf(z) (2%

— bl fd Lo

0.2 0.4 0.6 0.8 1
x

Fig.8 The striped area represents the domain allowed for :¥(x) using
eq.(31).

Finally we show in Fig.9 the results of our calculation for Apy in the
case of Z production by assumning the equality sign in eq.(28) and h¥(z) > 0,

14



h¥(z) < 0. Clearly this prediction is only a guide for a future experiment at
RHIC which will lead to the actual determination of h;(z).

0.12 — Trr—r—r— T T
PP > 2
b
LR ST ]
rd \\ ” \\
! \‘\ I” ’
\\ ’,’
\\.~ -
& Vs = 380 Gev
0.08 | 4
0.08 | Vs = 600 GeV -
004 S Lrnedmreds i i " } TP W |
-1 -0.5 0 0.5 1
y

Fig.9 Double spin transverse asymmetry Arr versus y for Z production
in pp collisions at /s = 350 and 500 GeV.

ACKNOWLEDGMENTS

I am glad to thank the organizers of this Symposium, in particular Profs.
K.J. Heller and J.M. Cameron, for such a pleasant and stimulating atmo-
sphere. I also thank C. Bourrely for useful discussions during the preparation
of this lecture.

REFERENCES
1. R.D. Field and R.P. Feynman, Phys. Rev. D15 (1977) 2590.
2. M. Arneodo et al.,, (New Muon Collaboration), Phys. Rev. D50 (1994)
R1 and references therein.
3. K. Gottfried, Phys. Rev. Lett. 18 (1967) 1174.
4. T. Sloan, G. Smadja and R. Voss, Phys. Rev. 162 (1988) 45.

15

5.

10.

11

12

13.

14.
15.

16.
17.

18.
19.
20.
21.

23.

24.

25.

J. Ashman et al., (European Muon Collaboration), Phys. Lett. B206
(1988) 364; Nucl. Phys. B328 (1989) 1; D. Adams et al,, (Spin Muon
Collaboration), Phys. Lett. B329 (1994) 399.

K. Abe et al, (E143 Collaboration) preprint SLAC-PUB 6508 (august
1994). See also D. Day, these proceedings.

Z. Dziembowski and J. Franklin, J. Phys. G: Nucl. Part. Phys. 17
(1991) 213.

F. Buccella and J. Soffer, Mod. Phys. Lett. A 8 (1993) 225.

See for example J. Cleymans, I. Dadic and J. Joubert, preprint BI-TP
92-45 (july 1993) and references therein.

C. Foudas et al, Phys. Rev. Lett. 64 (1990) 1207; S.R. Mishra et al,,
Phys. Rev. Lett. 68 (1992) 3499; S.A. Rabinowitz et al, Phys. Rev.
Lett. 70 (1993) 134.

C. Bourrely and J. Soffer, preprint CPT-94/P.3032.

P.Z. Quintas et ol., (CCFR Collaboration) Phys. Rev. Lett. 71 (1993)
1307; W.C. Leung et al, (CCFR Collaboration) Phys. Lett. B317
(1993) 655.

P.L. Anthony et al., (E142 Collaboration), Phys. Rev. Lett. 71 (1993)
959.

J. Ellis and R.L. Jaffe, Phys. Rev. D9 (1974) 1444.

C. Bouwrrely, J.Ph. Guillet and J. Soffer, Nucl. Phys. B 361 (1991)
72. Proceeding of the Polarized Collider Workshop, University Park PA
(1990), Eds J. Collins, S. Heppelmann and R.W. Robinett, AIP Conf.
Proc. N° 223 AIP, New York (1991).

G. Bunce et al. Particle World, vol. 3 (1992) 1.

Proposal on Spin Physics using the RHIC Polarized Collider, R5 (14
august 1992), approved october 1993. See also Y. Makdisi, these pro-
ceedings.

V.L. Rykov, these proceedings.

C. Bourrely and J. Soffer, Nucl. Phys. B314 (1993) 132.

C. Bourrely and J. Soffer, Phys. Lett. B423 (1994) 329.

J. Ralston and D.E. Soper, Nucl. Phys. B152 (1979) 109 ; J.L. Cortes,
B. Pire and J.P. Ralston, Z. Phys. C55 (1992) 409 ; R. Jaffe and X. Ji,
Phys. Rev. Lett. 67 (1991) 552 ; R. Jaffe and X. Ji, Nucl. Phys. B375
(1992) 527 ; X. Ji, Nucl. Phys. B402 (1993) 217.

J. Qiu and G. Sterman, Nucl. Phys. B 378 (1992) 52 ; R.L. Jaffe and
X. Ji, Phys. Rev. D 43 (1991) 724.

X. Ji, Phys. Lett. B234 (1992) 137 ; R.L. Jaffe and X. Ji, Phys. Rev.
Lett. 71 (1993) 2547.

B.L. Ioffe and A. Khodjamarian, Preprint University of Miinchen LMU-
01-94.

J. Soffer, Preprint CPT-94/P.3059.

16





