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Abstract

Lowest order QCD is applied for the angular distributions of high-mass
dileptons with large transverse momentum produced in reactions, pp,pp —
(v*,29,Z3,...) + X — £t~ + X with longitudinally polarized proton beam(s).
General formulas, which are applicable to any gauge model of the underlying
electroweak interactions, are given. Numerical results are presented for the
angular distributions in pp and pp collisions at {/s = 540 GeV for the CERN pp
collider and /s = 2 TeV for the Fermilab Tevatron within the standard model
and the left-right model, which is also consistent with existing data. Signals which

could distinguish between the different electroweak gauge models are revealed.



1. Introduction

The standard SU(2) x U(1) electroweak model of Glashow, Weinberg and
Salam® has been quite successful in all respects including the predictions for the
gauge bosons, W* and Z°, which have been experimentally found at the CERN
Pp collider.? However, there exist other electroweak models which differ from the
standard one, but in low energy region coincide with it.? Such models, besides
other considerations, emerge also from some grand unified theories and thus have
their own raison d'étre.* Therefore, it is of considerable interest to study such
models on the same footing as the standard one and look for their experimental
verifications. One such method is the detailed study of the angular distributions
of the dileptons produced in the hadron-hadron collisions. To carry out the most
detailed study we start with the polarized proton beams, especially since such
experiments are feasible and are under consideration. The case of unpolarized

hadronic reactions, of course, come out as a special case.

Many authors 7 have studied the polarization effects for the gauge bosons
W= and Z° production and their decay into lepton pairs in polarized hadronic
collisions. The polarization effects in the hadronic decays of W* have been
studied in Ref] 10 ]. On the basis of such studies it has been emphasized that
the experiments with a polarized proton beam would provide a variety of useful
information, supplementing those of unpolarized collisions'' ™* on the underlying
electroweak interactions and the production mechanism of their gauge bosons.
Further, a recent study has indicated that polarized proton beams at intensities

close to the ordinary intensity of unpolarized beams are attainable with the new

technology. 15



In-this pa,perr we calculate and discuss the aﬁgular distributions of high-mass
dileptons produced with large transverse momentum in high energy polarized
and unpolarized hadronic collisions. Because of restriction to such a kinematical
region, we have all the right to utilize the lowest order ,i.e., O(a,) perturbative
QCD which has been proven to describe quite successfully similar processes.16

We consider the reactions
pp.op — (7', 29,29,.) + X =€ (E=¢ or p)+ X, (1.1)

where the proton beam p is (or both pp are) longitudinally polarized. The present
work is the extension of our previous one'! in which the case of unpolarized
beams has been studied within the standard electroweak model. Here we
consider polarized beams and aim at other tests which can distinguish between
the standard Glashow-Weinberg-Salam and the left-right electroweak models.
A short account of this work has previously been reported.17 Kinnunen and
Lindfors’ have also studied the angular distributions for £+ produced in the

reaction with the longitudinally polarized proton beam p; with a helicity A

ppp — ('Ytyzo) + X - £+£— + Xa

in the rest system of Z° at M = Mjz;. We differ from their study in that,
whilst they restrict themselves to the Drell-Yan mechanism and to the standard
model, we consider the first order QCD processes (dilepton production with large
transverse momentum) and also consider the comparisons of the predictions of
the standard and the left-right models. Also unlike in Ref. 6, we will not use the

3-quarks SU(6) wave function model for the spin dependent structure functions.



In ‘Section 2 we present all the basic form;11as for the Vre;ctions (1.1) for
the general electroweak models. Section 3 presents two electroweak models we
have considered, namely the standard and the left-right ones, together with the
parametrization for the polarized parton distributions. Section 4 is devoted to the
numerical results for differential cross-sections and the polarization asymmetries

for the coefficients in the angular distribution. Section 5 contains the conclusion.



2. Basic Formulas

The Lagrangian for the neutral-current interaction reads as:
Lint = elyulA* + " Cilyu(af — biys)e2! + > Cifvulaf —bl%)f2Y, (2.1)
i i

where Ay, ¢, f and Z0 (i = 1,2,...) are the photon, lepton, quark with flavour f,
and i—th neutral gauge boson field, respectively. a; and b; (a{ and b{ ) denote
the vector and axial-vector coupling constants of the lepton (quark f) to the
Z?-boson. These couplings and the parameters C; which depend on the gauge

group under consideration will be specified in the next section.

In the lowest order of QCD perturbation theory the angular distributions
of high-mass(M) lepton pairs produced with large transverse momentum Qr
in reactions (1.1) are given by two hard parton processes: quark g-antiquark
g annihilation into ('7‘,Z?,Zg,...) and a gluon G, and gluon-quark Compton
scattering. The relevant Feynman diagrams are shown in Figs. 1a and 1b. We
have calculated the differential cross-sections of the lepton pair from the decay
of (v*,2?,2)...) produced in polarized annihilation and Compton subprocesses
at fixed M2, { and a solid angle N, = (8, ¢) of one of leptons in the dilepton rest-
frame. The final formulas for these partonic differential cross-sections, assuming

massless leptons and quarks, are presented below.

For the annihilation subprocess (denoted by A)

g(h1) +q(ha) = (v*, 20, 23,..) + G = 7L + G (2.2)
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(hy is the helicity of the quark and hg is that of the anT.'iqua.fk),_we obtain

doa(h1,hs) _  déy
dM?didQ;  dM2di

3
(unpol.)(1 — hihz) Ton

hiN . o -
[(1 - = f){1+c0520+A0(1 - §coszo) + A;sin20cos ¢ + A, - 1sinzﬂcos2q$}
K; 2 2 2

+2(Ly — thf)/Kf{A3sin0cos¢+ ﬁ4cosﬂ}].

(2.3)
For the Compton scattering (denoted by C)
G(A) +q(h1) = (v, 21, 25,..) + ¢ = 7€ +gq (2-4)
(A is the helicity of the gluon), we have
déc(A, hy) _ do 4 (unpol )__3_
dM?did;  dM2di 716w
hyN A - ~ .1 3
[(1 - = f){(l + h1ABgo)(1 + cos? 8) + (Ao + h1ABo) (= — = cos? 8)
Ky 2 2 (2.5)

+ (131 + h1A1§1) sin 20 cos ¢ + (Az + hy AI§2) % sin? 0 cos 2¢}
+2(Ly — haMy)/K;{(As — hyABs)sinfcos ¢ + (A4 — h1ABy) cos a}] :

where caret denotes quantities at the parton level. The coefficients A; (which
take the same form in both annihilation and Compton subprocesses), Byo and
ﬁ;(i = 0,1,2,3,4) are functions of parton momenta p; and p; in the dilepton

rest-system and read as:

fio — Ao — sz + sz /il _ P1zP1z + P22P22
3 9
IP1[? + [p2f? [p1]? + [p2[?




s IP1lp1z — |P2|P22 A ___|P1|P1z"" |P2‘|P2:

[Pl + Ipal? YT TP+ e
B P2l — i ”
Ip1/? + |p2|*’
N " pz — p? n —_
By=B, = _25___111:_’ B, = P2zP2z Plzplz’
[p1? + |p2f? P12 + [p2[?

A |P1lP1z + |P2|P22 A IP11p12z + |P2|P22
B; = s 4= . 2.6

T NETL (26)

All informations about the underlying electroweak interactions are contained in

K¢, Ly,My, and Ny:

ReD;
= —zz: H(Syasal S 4

1<y

(aia; + bibj) (afa! + b{b!)Re(D; D)

+ Y02 ad + (D + DDA,

Cs ReD; CiCj
=—2Z (S0 = +23_(=72)
1<J

(asbj + b; a.,)(afbf bf f)Re(D ;D;)

+4 Z(—) asbial ]| Dy 2,

ReD;
=—-2Zef( bt{Mz

i<j

(asb; + by a.J)(afaf + bfbf)Re(D,-D;-)

+2 3 (Fytabd(e ) + GDHIDI,



' C; ReD; < CiCi g
N,:—ZZef(?')za,b{ M2' +2Z(_;2_‘1)2
i i<j

(asa; + b:b;) (a]b] + b]a!)Re(D; D) (2.7)

C;
+2)_(=)*(af + 8})afb]|DP%,
t

where D; is the propagator of the Z?-boson with its mass Mz, and the width

D; = (M* - M3 +iMzTz)7". (2.8)

. . . . . 14
The differential cross-sections in the unpolarized case are

do 4 200, (f— M?)?+ (a—M2)?2_,
= l)=—--— - M*K;,
arg Y =5 3w fa !
déc 1 2a’e, (8- M?*)?+ (2 —M?2)?
m(“ﬂp(d. = 6 . § §2 -§a M Kf. (2.9)

with the standard notations.

In order to calculate the cross-sections do4c/dM 2dde§~ (where y is the
rapidity of the dilepton) and the coefficients A;(¢+ = 0,1,2,3,4) in the angular
distributions for the polarized hadronic collisions, one has to convolute the
corresponding quantities for the subprocesses (i.e. the ones with caret) with
the parton spin distribution functions inside the hadrons f;g;, Gi(z), etc. (eg.,
f}’gg and G’I (z) denote the spin distribution functions of the va.lence' quark f

and the gluon G with the helicity +1 inside a proton with A = +1.) Then

the differential cross-section for processes (1.1) can be expanded in terms of the

9



0}(6,9) as: ’ ’ -

3

do(hiha) o +cos® 0 + Ao(hlth)(% B Ecosz 9

dM?dydQ%.dQ,

+ A1 (h1, hs) sin 20 cos ¢ + Az(hi, h2) % sin? 0 cos 2¢ (2.10)

+ As(hl, h2) sinfcos¢ + A4(h1, hz) cos .

[The formula for the angular distribution at the one-loop order have been derived
in Ref.'® ] The total coefficients of the angular distributions can be obtained in
an analogous way as in the unpolarized case, by summing over the annihilation

and the Compton contributions, i.e.,

for ppp — collision with the helicity h = +1

Aidos(2) + Aidoc(£)
do() ’

A() = (:=0,1,2,3,4), (2.11)

where

do(+) = doa(+) + dog(+),
doac(+) = dosc(+)/dM*dydQ}.

for pppp — collision with the helicity A = +1

Aido4(£1) + Ajdoc (L)

Ay(+%) = do(23) ;

(1 =0,1,2,3,4), (2.12)

where
do(+1) = doa(£t) + doc(£2),

10



dosc(2+) = doac(++)/dM3dydQ:.

In the following we present the formulas derived assuming that the valence
quark f and the gluon G are polarized, but the sea-quark component remains

unpolarized in the proton.

for ppy — collision

One can define the asymmetry of the (1 + cos? §) term of the cross-section

(See Eq.(2.10)) due to the longitudinal beam polarization as

do(-) — do(+) _ X {AF™(A) + AFS(C)}Ny
do(-) +do(+) X {FP(A)+ FP(C)}K; ’

Asymmetry = (2.13)

where

AFPP(A) = Aff(21) f5(z2)doa,
AFB(C) = {~AG(z1) f}(z2) Boo + Af}(21)G(22) b,
FPP(4) = f}(21)f}(22)dB,
- FP(C) = {G(z1) f}(z2) + £}(21)G(z2) }dbc,
déac = déac/dM?dt,
AfH(m) = £ () - 755 (@),
£3(m) = £ (@) + £ @)- (2-140)
(The similar formulas hold for A f;(zz) etc.)

AG(z1) = GL(z1) — Gt(z),

11



G(z1) =Gi(z) + Gt (z). = (2.14b)

From Eq. (2.13) it is clear that the sign of this asymmetry is related through N;

to that of the axial couplings b{ and this is the only way to determine it.

Also one can define the polarization (spin) asymmetries for the coefficients

in the angular distributions:

(1 =0,1,2,3,4). (2.15a)

Writing in an explicit form we have for 1 =0,1,2

_ X{AFPP(4) + AFPP(C)}N;

A= T TP T FP(O)E,

(: =0,1,2), (2.15b)
where
AF'.pp_(A) = Af;’(zl)f;(zz)/i{d&A, ('. =0, 1a2s3a4)a
AFPP(C) = {~—AG($1)f§($2)1§i + Af}’(l‘l)G(M)Ai}d&C’ (¢=0,1,2),

FPP(4) = fi(@) fi(z2) Adon,  (i=10,1,2,3,4),

F‘pﬁ(C) = {G(Zl)fg(xz) + f;(zl)G(z2)}Aid&Ca (t =0,1,2,3, 4)’

Note that relations Ag = A; and A4y = AA; hold on account of a P1 < P2
symmetry, reflecting the vector nature of the gl{xon19 (however, Ao # Az and

AAg # AA,, if the gluon would appear to be a scalar particle).

12



For + = 3,4 we have

S {AFI(4) + AFP(C)}M;

A= T FP () FP(O) L

,  (1=3,4), (2.15¢)
where
AFFP(C) = {AG(z:1) fF(22) B; + Af}(21)G(z2) Ai}doe, (i =3,4).

prpn — collision

Similarly one can define various experimentally accessible polarization asym-

metries when both of the proton beams are longitudinally polarized:

do(~=) — do(++)

A try = : 2.16
symmetry do(—0) T do(+ ) (2.16a)
which can be rewritten as
AFPP(A) + AFP(C)}IN
Asymmetry = 241 (4) o (C)}Ny (2.16b)

Yo {Frr(A) + FG(C)}Ky
where-

AF™(A) = {Af}(z1) f(z2) + f3(z1) A S} (22)}dd g,
AFE(C) = {G(z1) Af¥(z2) + AG(z1) f}(22) Boo }dbc,
FP*(A4) = {f}(z1)f}(z2) + [7(z1) f}(22) }dba,

FE(C) = {G(z1) f4(z2) + AG(z1) Af}(z2) Boo}ddc.

For the polarization asymmetries of the coefficients in the angular distribution

13



we have

A=) - A(+t)

AA; = , 1 =0,1,2,3,4). 2.17
v e v e L ) (217)
Explicitly for : = 0,1,2 we have
AFPP(A) + AFPP(C)}N
AA; = 2 AR (4) i (C)INy (i=0,1,2), (2.17b)

S AF(A) + FP(C)} K,

where
AFPP(4) = {AfY(21) foz2) + fo(m) ASf(22)}Asdsa,  (6=0,1,2),
AFPP(C) = {G(z1) Af%(22) A; + AG(21) f(z2) BiYdoe,  (§=0,1,2),

FP(4) = {f}(@1) f}(z2) + f}(z1) [} (22) }Asdoa,  (i=0,1,2),

FP?(C) = {G(z1) f(z2) Ai + AG(z1) Af}(z2) Bi}doo, (i =0,1,2).

One has also 4p = A; and AAy = AA;z, because of p; « p2 symmetry and the

vector nature of the gluon.

For 1 = 3,4 we have

T {AFPP(A) + AFP(C)}M;

Mi= =s P PONL, 0 oo (2:17¢)

where
AFPP(A) = {Aff(21)f5(z2) — fi(z1) DS} (22)}Asdba, (5 =3,4),

AFPP(C) = {G(z1) Af}(z2) A; — AG(z1)f}(z2) Bi}doe, (= 3,4),

14



CEP(4) = {220 2 e) - Plen) en)YAdoa, (i =3,4),

FPP(C) = {G(z1) f(22) Ai — AG(z1)Af}(=2) Bi}doe, (i =3,4).

15



3. Electroweak Models and the Parametrizations

There is a nontrivial class of left-right models in which the lowest-mass gauge
boson Z7 is indistinguishable in mass and fermion couplings from the standard
Z°, but which allows a second gauge boson Z as low as 200 GeV [see Ref. 3].
In such a left-right model the vector and axial-coupling constants of the lepton
£ (quark f) to the Z2-boson (i = 1,2), af and b (a{ and b{ ) are expressed as

follows:

For ¢ = 1 ( the lighter gauge boson Z?), one has the standard model values:

1
t —_— —
a; =L 4’
. (2.184q)
bfz—z, for £=e,u, and 7,
and
1
a.{ =§Ig —efzyp,
(2.18b)
71
bf =21,

where I:{ is the third component of the left-handed weak isospin of the quark, e;
is the charge of the quark f divided by the electric charge e, and zj = €?/ g% =

sin? 6w with Oy being the Weinberg angle.
For i = 2 (the heavier gauge boson Z7), one has
L _ /204 _ ~1j2p 1.
a; =(zr/zRr)"/*(1 — zf — zgp)™/¥{ Z(l zr + zRr) + R},

(2.19a)
bg -_—;(zL/zR)l/z(l —zr — :z:R)l/z, for £=e,u, and 7.

16



of =(z1/zR)"/*(1 — 2 — zR)-llz{EI:{ (1 - 21 + zR) — e;zR},
(2.19b)
1
bf =~ (sr/zr)/*(1 ~ =1~ =p)"/* - 21,

where zp = €?/g% [gr being the SU(2)g coupling constant] is the parameter
which characterizes the properties (mass, width, fermion coupling...) of the Z3.
A gauge-group-dependent parameter C; within the left-right model we consider

is given as:
Ci=Cy = ex;'*(1 — z) 12 (2.19¢)
In our numerical calculations we employ the standard model as well as the left-

right model with the following parameters which reproduce the standard values

at Z = Z7, with three fermion generations, i.e., Ny = 6:

z, =0.233, zp = 0.5,
Mz =93 GeV, Mz, =200 GeV, (2.20)

'z, =2.87 GeV, Tz, =3.77 GeV.

As the parton spin distribution functions in the longitudinally polarized proton
we employ the ones of Carlitz- Kaur(plus gluon) model, according to which the

(spin) distributions of the v and d quarks read as: %

fg(z) =Uy + "—‘s
(2.21q)
fdp(z) =dy + d_a

where

a(z) = d(z) = 27 - (1 - 2)",

17



Afi(z) =f,f((:))($) - fp((t))(z) = (uy — ;dv) cos 24,

(2.21b)
1
Af:(:z:) =f:((_':)) (z) — f:((j))(z) = _§d" cos 20,
with a spin dilution factor
cos 20 = {1 +0.052z"Y/2(1 — z)?} 1. (2.21¢)
The sea-quark component is assumed to be unpolarized, i.e.,
Af§(z) = Aff(z) = 0. (2.22)

The spin distribution of the gluon inside the proton has been estimated as
follows,21 assuming that the sea quarks are unpolarized and that the polar-

ized gluons are emitted from the polarized valence quarks due to the QCD

bremsstrahlung: 2

G(z) = (1= 201 + (1~ 2)?),

(2.23)
) AG(z) = Gi(z) — GX(z) = 0.43(2 - z)(1 — z)°.

For the (scale-violating) distributions of the valence quarks inside the proton23
Uy = uy(z,Q?) and dy = dy(z,Q?), we employ the ones by Glick, Hoffmann,
and Reya,”* taking as the scale of QCD evolution, Q2 = M? =invariant mass

squared of the lepton pair. For the QCD coupling constant a, we use

. 127 1
- 24
(@) = 338, morar - (2

with Ny = 6 and A = 0.4 GeV which has been used in the fits of Ref. 24.

18



4. Numerical Results

As an application of the formulas discussed in Sections 2 and 3, we present
in this Section the numerical results for the dileptons produced in ppj-collision
at /s = 540 GeV as well as in pppp-collision at /s = 2 TeV. In order to get as
large as possible cross-section, we carry out the integration over the rapidity y

of the dilepton in the range —In2/Zr < y < In2/Zr which is obtained from the

kinematical condition 14
1, 1,
(z1 — SIre ) (z2 — e )=— (3.1)

where Zr = \/z%4 + 47, zr = 2Qr//5, and 7 = M?/s. In the calculation Qr
of the dilepton is fixed at @Qr = 5 GeV. In some cases, we also present the
results obtained by integrating over Qr in the range 2 < Q7 < 12 GeV (thereby
introducing a cut-off in Q7). Among various experimentally accessible coefficients
in the angular distribution we will confine ourselves only to the parity-violating

parameter a; which appears in the polar angle distribution *

_ dN 2
Teosd = C(1+ oy cosf + azcos*8), (3.2)
where
3 Ap
C =- —
(3.3)
Ay 1- %Ao
ay =

= e— az = e—eet—

1+ 340 1+ 340’
and present the results for the polarization asymmetry A A4 given in Egs.(2.15¢)
and (2.17c). Note that the curves for a;, both in the standard and the left-right

models change their sign in the Gottfried-Jackson (GJ-) frame as a function of

19



M near M = M. z; on account of the Ly term, the interference between the ~*
and the Z{-boson contributions.'* One can take the advantage of this feature in
determining Z?-boson mass thereby testing the electroweak models. We present
the numerical results for pp-collision at /s = 540 GeV in Figs. 2-9 and for
pp-collision at /s = 2 TeV in Figs. 10-13.

pp — collision at +/s=540 GeV

We show in Figs.2-4 the following curves for the differential cross-section:

Fig. 2: do/dMdQr as a function of M in unpolarized pp-collision at Qr = 5

GeV within the framework of both the standard and the left-right models.

Fig. 3: do/dMdQr for unpolarized pp-collision as a function of Q7 in the
left-right model at M = Mz, =93 GeV and M = Mz, = 200 GeV.

Fig. 4: do/dM for unpolarized pp-collison as a function of M, calculated in
the Drell-Yan model and the left-right model.

In Figs. 5-6 we present the curves for the asymmetry defined in Eq.(2.13).

Fig. 5: {do(—) — do(+)}/{do(—) + do(+)} as a function of M, for pp,-
collision at Qr = 5 GeV within the framework of the standard and the left-right
models, where do(+) = do(+)/dMdQr.

Fig. 6: {do(—) — do(+)}/{do(—) + do(+)} as a function of M, for pps-
collision within the framework of the standard and the left-right models, where
do(+) = [;”dQrdo(+)/dMdQr. This quantity has been calculated also in

Ref.[”® | using the Drell-Yan model within the framework of the standard model.

The curves for the polarization asymmetry of the coefficient A A4 under

different conditions are shown in Figs. 7-9:

20



Fig. 7: AA, as a function of M , for ﬁph-coliision at Qr = 5—GeV, calculated

in the GJ-frame within the framework of the standard and the left-right models.

Fig. 8: AA4 as a function of M, for pp,-collision, integrated over Qr in the
range 2 < @7 < 12 GeV and calculated in the GJ-frame within the framework

of the standard and the left-right models.

Fig. 9: AA4 as a function of Qr, for pp,-collision at M = Mz, = 93 GeV
and M = Mz, = 200 GeV, calculated in the GJ-frame within the framework of
the left-right model.

pp —collision at /s=2 TeV

In Figs. 10-12 we display the curves for the differential and the integrated

cross-sections:

Fig. 10: do/dMdQr as a function of M for unpolarized pp-collision at Qr = 5
QeV within the framework of both the standard model and the left-right models.

Fig. 11: do/dMdQr for unpolarized pp-collision as a function of Qr in the
left-right model at M = Mz, = 93 GeV and M = Mz, = 200 GeV.

Fig. 12: f;z dQrdo/dMdQr as a function of M, calculated within the

framework of the left-right model, for unpolarized pp-collision.

The polarization asymmetry of the cross-section defined in Eq.(2.16a):
{do(——) — do(++)}/{do(——) + do(++)} is shown in Fig. 13 as a function
of M, for doubly polarized p,p-collision, calculated within the framework of the

standard and the left-right models, where do(++) = [, * dQrdo(++)/dMdQr.
Before concluding this section let us make a few remarks.

1. The predictions by the standard model cannot be discriminated from the

ones by the left-right model near to M ~ Mz . The difference between

21



the two models starts to appear only in M R 150 GeV,a.;d becomes most

prominent in the region M ~ Mz, .

2. The shapes of the curves in Figs. 5, 7 with fixed Qr(= 5 GeV) are very
similar to the ones of the curves in Figs. 6, 8 correspondingly in which Qr
is integrated over in the region 2 < Qr < 12 GeV, but the absolute values
differ slightly.

3. The asymmetry of the coefficient AA4 ( shown in Figs. 7, 8, and 9),
calculated in the GJ-frame, almost coincides with the one calculated in
the Collins-Soper (CS-) frame.?® The AA4 in the helicity frame differs

somewhat from the one in the GJ-frame, taking smaller absolute values.

4. The asymmetries for the other coefficients AA;(i = 0 — 3) appear to be

rather small in all the three (helicity, GJ-, and CS-) reference frames.

5. Although we have ignored the sea-quark polarization, it can be shown that
these effects are rather small.?” This is not the case for the effects of gluon
radiation which are important 2 , but which were not considered here for
sake of simplicity.

6. "When the beam energy increases the polarization effects seem to decrease.
Existing calculations also indicate such tendency.7 which was also observe
in the case of W production.27 This fact suggests that polarized beam

experiments at uitra high energies, say, at /s = 100 TeV are not very

encouraging.

22



5. Conclusion

As one can see from the figures presented in the previous Section the measure-
ments of polarization asymmetries of the coefficients in the angular distribution
using the polarized proton beams, which would constitute a “complete” exper-
iment, would provide us with a variety of detailed information about different
underlying electroweak gauge models, their couplings and thereby would allow
to distinguish and verify such models. In particular the sign of the asymmetries
is related to the structure of the underlying gauge theory. Besides, the polarized
beam reactions could shed light on the production mechanism, such as reconfir-
mation of the vector nature of a gluon, and the spin distributions of the partons

inside hadrons as well.

We conclude this paper by stressing that experimentation with the high-
energy polarized proton beams with a sufficiently high luminosity accessible at
tﬂe CERN pp collider and the Fermilab Tevatron would provide a powerful tool of
investigation, complementing the ones obtainable in the unpolarized experiments,

and might exploit new rich realm of “spin” physics.
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Figure Captions;

. (a) The quark-antiquark annihilation diagrams.
(b) The quark-gluon Compton diagrams.

. The differential cross-section do/dMdQr vs M for unpolarized pp-collision
at /s = 540 GeV and Q7 = 5 GeV. The dashed (solid) curve corresponds
to the standard (left-right) model.

. The differential cross-section do/dMdQr vs Qr, calculated in the left-right
model, for unpolarized pp-collision at /s = 540 GeV, M = Mz, = 93 GeV
and M = Mz, = 200 GeV. The curve shown for M = Mz, = 200 GeV is
multiplied by 102 to the actual values.

. The differential cross-section do/dM vs M for unpolarized pp-collision at
/8 = 540 GeV, calculated within the framework of the Drell-Yan model
assuming the left-right model.

. The asymmetry, {do(—) — do(+)}/{do(-) + do(+)} vs M for ppp-collision
at /s = 540 GeV and Q7 = 5 GeV, where do(+) = do(+)/dMdQr. The
dashed (solid) curve corresponds to the one calculated within the framework
of the standard (left-right) model.

. The asymmetry, {do(—) — do(+)}/{do(—) + do(+)} vs M for pp,-collision
at /s = 540 GeV, where do(+) = [, dQrdo(+)/dMdQr. The dashed

(solid) curve is the prediction by the standard (left-right) model.

. The asymmetry of the coefficient AA4 vs M for pp,-collision at /s = 540
GeV and Q7 = 5 GeV, calculated in the GJ-frame. The dashed (solid)

curve is the prediction by the standard (left-right) model.
. The asymmetry of the coefficient A A4, integrated over @Qr in the range
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10.

11.

12.

13.

2<@Qr< 12 GeV, for pp,-collision at \/§»= 540 GeV, shown as a function
of M in the GJ-frame. The dashed (solid) curve is the prediction by the
standard (left-right) model.

The asymmetry of the coefficient A A4 vs Qrfor pp,-collision at /s = 540
GeV, M = Mz = 93 GeV and M = Mz, = 200 GeV, calculated in the
GJ-frame using the left-right model.

The differential cross-section do/dMdQr vs M for unpolarized pp-collision
at /s =2 TeV and Qr = 5 GeV. The dashed (solid) curve is the prediction
by the standard (left-right) model.

The differential cross-section do/dMdQr vs Qr, for unpolarized pp-
collision at /s = 2 TeV, M = Mz = 93 GeV and M = Mz, = 200

GeV, calculated in the left-right model.

212 dQrdo/dMdQr as a function of M, calculated within the framework
of the left-right model, for unpolarized pp-collision.
The asymmetry, {do(——)—do(++)}/{do(——)+do(++)} vs M for doubly
polarized pj,pp-collision at /38 = 2 TeV, calculated within the framework of
both the standard (dashed curve) and the left-right (solid curve) models,
where do(++) = [, dQrdo(++)/dMdQr.
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