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Spin effects in high-energy proton-proton scattering within a diquark model
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We studypp scattering at high energies and moderately large momentum transfer, using a model in which
the proton is viewed as being composed of a quark and a diquark. We show that this model leads to single and
double spin transverse asymmetries which are neither small nor vanish at high energies.
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I. INTRODUCTION of an additional Pomeron-like exchange in the helicity-flip
amplitudes that has—up to eventualslfactors—the same

The adequate theoretical description of spin effects irenergy dependence as the standard Pomeron but is not in
high-energy exclusive processes at moderately large momephase with it. Within QCD the Pomeron is interpreted as the
tum transfer is one of the unsolved problems in QCD. As ig channel exchange of gluons with a total charge conjugation
well known, massless QCD leads to hadronic helicity conof unity (C=+1). Present attempts to understand it theoreti-
servation and, hence, to zero single-spin asymmetries. Magg|ly are based on the simple two-gluon picture for this ob-
and higher order perturbative QCD corrections lead to NONject [6]. It is important to note that in such models the

vanishing single-spin transverse asymmetries: Pomeron couples to quarks and not directly to the hadrons.
According to the model7], the gluons representing the
Ancmag/—t. (1) Pomeron preferentially interact with the same quark within a

given hadron. As a consequence of this property, the
A QCD analysis reveals that the mass parametappearing  Pomeron effectively couples to the hadron like @r + 1
in Eq. (1) is of the order of the hadron makk| and should  isoscalar photori7] and approximately reproduces the sa-
not be interpreted as a current quark mass. So, one maent features of the additive quark model. In the Landshoff-
expect a substantial single-spin asymmetry for momentunNachtmann(LN) nonperturbative modéB], the two gluons
transfer —t of the order of a few Ge¥ Actual estimates representing the Pomeron do not only couple to one and the
within QCD inspired models provide only values of the ordersame constituent. However, neither the LN mop&Jl nor
of a few percent for single-spin asymmetries, indeed muchhat of[7] provides a spin-dependent Pomeron coupling. The
smaller than the experimental results. question of gauge invariance for the modgfs8] has been

Experimentally, there are many observations of large spiinvestigated by Dieh[9].
effects at high energies and moderately large momentum |n several models high energy spin effects have been in-
transfer[2]. Sizable differences between the cross sectiongestigated. Thus, for instance, [10] the spin-dependent
for different spin orientations of the initial state protons asquark-Pomeron coupling was constructed from a gluon-loop
well as large double-spiAyy and single-spirAy transverse  contribution. It was shown that this quark-Pomeron coupling
asymmetries have been observed in the BNL experif8nt leads to fairly large spin asymmetries in diffractive quark-
for beam moment@g less than 28 GeV. The Fermilab ex- antiquark pair production and exhibits only a weak energy
periment[4] finds values forAy of about 10-20% apg dependencéll]. In [12] rotating matter inside the proton
=200 GeV and momentum transfdt$=2 Ge\?. This re- was claimed to be the origin of spin effects. The authors of
sult is of the same order of magnitude as the BNL asymme[13] considered the Pomeron interaction with the light quark-
try at pg=28 GeV and similar values df Combining these antiquark cloud of the proton. While these models provide
observations with corresponding ones made at small momemspin effects at high energies in fair agreement with experi-
tum transfers[5], one is lead to the conclusion that spin ment they suffer from the large number of adjustable param-
effects in high-energy reactions exhibit a weak energy deeters they depend on. Moreover, the applicability of these
pendence. models is restricted to small momentum transfer.

Elastic scattering at high energies and fixed momentum Here, in this work, we are interested in spin effects at high
transfer (t|/s smal)) is customarily believed to be under the energies and moderately large momentum transfer (3°GeV
control of thet-channel color-singlet Pomergand, eventu-  <|t|<s). In view of the polarization physics programs pro-
ally odderon exchange that has a dominant nonflip coupling.posed for the future proton acceleratptd] this kinematical
The observed spin effects thus seem to require the existencegion is of topical interest. Our approach is based on the

diquark picture[15] where the proton is viewed as being

composed of a quark and a diquark in the dominant valence
*Email address: goloskkv@thsunl.jinr.dubna.su Fock state instead of three quarks. The diquarks represent an
TEmail address: kroll@theorie.physik.uni-wuppertal.de effective description of nonperturbative effects; their com-
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posite nature is taken into account by diquark form factorstude approximately. These properties hold in most of models
The diquark picture of the proton simplifies our calculations(see, for instancg12,13) and we will assume that they also
drastically due to the reduced number of constituents. Théold in our approach. In this situation we can, for conve-
combination of the quark-diquark picture of the proton andnience and without loss of generality, fix the helicities of the
the hard scattering approach developed by Brodsky and Legrotons 1 and 3 at-1/2. Therefore, we have to model a
age[16] leads to successful descriptions of electromagneticonflip, F ., , and a flip amplitudeF . _, only. F ., repre-
form factors and other exclusive reactidig,18 at a fairly  sents the average of the two nonflip amplitudes. There is no
large momentum transfer. Spin effects are generated fromeed for antisymmetrization of the amplitudes since the
spin 1(vectoy diquarks in that model. The model also pro- p;«p, interchanged contribution is suppressed by inverse
vides phase differences between different helicity amplitudepowers ofs in the kinematical region of interest«:u=s).

in some cases and can therefore account for single-spin In terms of the amplitudeB , . andF , _ the differential
asymmetries in principle. Note, that these corrections areross section is given by

non-Pomeron-like because of the phase shift between the flip

and nonflip contributions. However, even within the diquark do 1
model which is much simpler to handle than the three-quark ar 64ms?
picture of the proton, a full hard scattering analysis of elastic
proton-proton scattering is beyond feasibility at pregeae,

for instance,[19]). Therefore, in order to simplify and in

[F . 2+2|F, |2, (4)

The single-spin asymmetry reads

regard to the fact that we are not interested in the real hard Im[F. ,F* ]
scattering region for which the diquark model was originally Ay=—2 R e (5)
designed, we use that model in combination with the two- |FiL]?+2|F, _|?

gluon exchange picture as a representative of the Pomeron. ) o

We calculate the helicity-fip amplitude explicitly in that While the double spin transverse asymmetry is given by
framework while, at the end, the nonflip amplitudes are de- 5
scribed by a standard phenomenological Pomeron exchange. A =2 |F |

We note that Ramsey and Sived0] also proposed a hard R P 2lF L )P
scattering model that produces substantial spin effects. This

model is based on quark-exchange and the Landshoff pinch The Ayy asymmetry is related to the differential cross

(6)

contribution[21] to the pp helicity amplitudes. sections in parallel and anti-parallel spin states by
In Sec. Il we begin with a few kinematical preliminaries.
A brief description of the diquark model is presented in Sec. do(T7T)/dt  1+Ann
[ll. The general structure of the various diquark contributions do(1])/dt - 1-Ann @

to elasticpp scattering is discussed in Sec. IV. In Sec. V we
present our numerical results for spin asymmetries in elastic In the following we are going to calculate the leading
pp scattering and compare them to experimental data. Coreontribution to the helicity-flip amplitude within the diquark

cluding remarks are given in Sec. VI. model, omitting corrections liken?/t. The nonflip ampli-
tude, on the other hand, is modeled by a phenomenological
Il. PROTON-PROTON SCATTERING ansatz. As a crossing-even exchange grewsthe Pomeron
AT HIGH ENERGIES contribution is dominantly imaginary with only a very small

) _real part suppressed byslas follows from analyticity22].
The momenta and the Mandelstam variables of elastigye will make use of two alternative parametrizations valid
proton-proton scattering are defined by for |t| larger then 3 Ge¥ (after the dip region of the differ-
ential cross sectign Following, for instance, the authors of
P(P2) +P(P2)—P(P3) +P(P4) @) [13], we parametrizé, . as an exponential

F++(s,t)=isbexp(—a\/m). (8)

s=(p1+p2)?% t=(p1—p3)? _ _ _ _
(Pt P2) (P1=Ps) This ansatz is understood as being a consequence of multiple
Elasticpp scattering can be described in terms of helicity Pomeron exchang@PE). Alternatively, we use the param-
amplitudes etrization

and

T>\4>\3;>\2>\1:U(p4:M)U(paahs)f(sat)u(pz17\2)U(p1,7\1)(,3) F++(s,t)=is%, (9)

of which only five are independent. In E(R) u denotes the which may be viewed as a phenomenological version of the
spinor of a proton with momentuy and helicity\;. Inthe  Landshoff pinch contributionLP) [21] to pp scattering.
kinematical region of interest the double helicity-flip ampli- Note, that the model resulf43,21] confirm the imaginary of
tudes are believed to be much smaller than the helicity nonthe amplitudeg8,9). In our numerical estimations we shall
flip ones and the two nonflip amplitudes are of equal magniuse the MPE fit fob=45.967 GeV2,a=3.745 GeV?, and
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FIG. 1. Structure of the spin-nonflip proton vertex. a b c
FIG. 3. Feynman graphs containing the 3-point diquark function

the LP fit for c=6.284 Ge\. Both the parametrizations, (With 3-gluon coupling.
Egs.(8) and(9), describe rather well thep differential cross
section data at CERN Intersecting Storage Rifi§R) ener- 1
gies [23]. An eventual residual energy dependence of the fo dx1¢s,(v)(X1) =1. (12
experimental datgperhaps of Irs type) will be ignored here.
It is irrelevant for our purpose of investigating spin effects.
The constantfgy, acts as the value of the configuration
space wave function at the origin.
'll. THE DIQUARK MODEL The amplitude=, _ will be calculated in the spirit of the

As we said in the introduction we will make use of the hard scattering approa¢h6] where the quarks and diquarks
diquark model of the proton advocated[ib5,17,18. Here  are connected by the minimal number of gluons, i.e., by
we give a brief description of that model. In the hard scat-three. Disconnected Feynman graphs are suppressed in the
tering approach proposed by Brodsky and Lepftf] the  kinematical region of intere$L6]. We also will employ sev-
processpp—pp is expressed by a convolution of distribu- eral kinematical simplifications since we only consider the
tion amplitudes(DA) with hard-scattering amplitudes calcu- region m?<|t|<s. Color neutralization requires the
lated in collinear approximation within perturbative QCD. In t-channel exchange of two gluons. The third one is ex-
a collinear situation in which intrinsic transverse momentachanged within one of the proton-proton vertices. Insofar our
are neglected and all constituents of a hadron have momentaodel for the flip amplitude bears resemblance to the
parallel to each other and parallel to the momentum of the.andshoff-Nachtmanf8] two-gluon model of the Pomeron.
parent hadron, one may write the valence Fock state of then contrast to[7] which refers to the standard nonflip
proton in a covariant fashiofomitting color indices for con- Pomeron at smal--t, in our approach the two gluons ex-

venience: changed between the two proton-proton vertices do not only
couple to one and the same constituent. This is not a contra-

Ip.A:qS gV, a)=fses(X1)Bsu(p,\) + fyey(Xy) diction since we are interested in a helicity flip amplitude at
high energies and moderately large momentum transfer. The

X By(y*+ p“/m)ysu(p,)\)/\/§. helicity flip amplitude can be expressed as a product of a

(10) helicity nonflip(HNF) vertex and flip(HF) vertex. The struc-
ture of the HNF vertex is shown in Fig. 1. For this vertex we
only consider scalar diquarks in order to keep the model
simple. The graphs contributing to the product of the HNF
vertex and the HF vertex are shown in Figs. 2-5. To the HF
Qertex only vector diquarks contribute since, obviously, from
scalar diquarks a helicity flip cannot be generated. The
graphs shown in Figs. 2 and 3 contain 3-point diquark vertex
functions while those shown in Figs.(three-gluon interac-
tions) and 5 (without three-gluon interactiohscontain
Bs=USuq, Bv=[UuVyaq— \/Ed Viu,ul/ \/§ (17 4-point functions. In principle there is also a graph with a
quartic gluon coupling. However, its contribution is sup-
where the subscripts indicate the flavor content of the diPressed at large It has been shown ifl9)] that this set of
quarks G,V) in either antisymmetric or symmetric combina- 9raphs leads to gauge-invariant scattering amplitudes. The
tions. The DAggy)(X1), Wherex; is the momentum fraction n-point functions, indicated by blobs in Flgs._2—_5, are given
carried by the quark, represents the light-cone wave functioRY @ product of the relevant graphs for pointlike diquarks

integrated over transverse momentum and is defined in sud§€e for instance, Fig.)@nd appropriate phenomenological
way that diguark form factors. These form factors take into account

TTT BE

The Lorentz indexx represents the polarization state of the
vector diquark. The two terms in E(LO) represent configu-
rations consisting of a quark and either a spin-isospin zer
(9 or a spin-isospin oné&V) diquark, respectively. The cou-
plings of the diquark with the quarks in a proton lead to the
flavor functions

a b c a b
FIG. 2. Feynman graphs containing the 3-point diquark function FIG. 4. Feynman graphs containing the 4-point diquark function
(without 3-gluon coupling (with 3-gluon coupling.
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B (4m)? , . ds(ay) ps(B1)
m m— S T e

—_—wa @= X ag(— a1 Bt) as( — axBot) FE(— a5t

a b
FIG. 5. Feynman graphs containing the 4-point diquark function > J X X A 1
(without 3-glaon coupling dxdyidy(x) du(y) 2 CA,  (17)

the composite nature of the diquarks. Since the 5-point funce; and 8, denote the fractions of the baryon momentum
tions provide only small corrections to the final results wecarried by the quarks in the initial and final baryons entering

omit them in our analysis. the HNF vertex, respectivelye,=1—a, and B,=1-;
The perturbative part of the diquark model, i.e., the cou-are the momentum fractions the diquarks carry.
pling of gluons to diquarks follows standard prescriptionsx, ,(x,),y;(y,) are the analogue quantities for the HF vertex.
(for notations refer t418]) C; is the color factor. To facilitate the discussion we split
F._ into contributions from various groups of Feynman

graphs. The&i are written as a contraction of the two tensors
representing the HNF and HF vertices,

SgSigstf(p1t+p2),

VgV:—igsti{gap(P1t P2) u— Gual (14 K)P1— kP2l
~ 0,6l (1+ k)P kP1lal, (13) A=HJ HEY (18

wheregs= V4mas is the QCD coupling constank is the ~ The HNF vertex tensor has the simple form
anomalous magnetic moment of the vector diquark &hd _

=\?/2 the Gell-Mann color matrix. The couplingsgD are H2'£'=U(p3+)[yy(p1+ P3) .t Yu(P1tP3), Ju(py, +).
supplemented by appropriate contact terms required by (19

gauge invariance, e.g.,
The HF vertex tensors are to be calculated from the Feynman

gSgS—igg{tatb}ing. (14)  graphs shown in Figs. 2—6. They contain a factowgfvith
’ an appropriate argumeritepresenting the virtuality of the
The phenomenological diquark form factors are takerinternal gluon and the vector diquark form factor besides the
from [15,17] characteristics of the relevant Feynman graphs. We refrain
from quoting theH#, explicitly but discuss the functions the

functionsA, directly.

Figure 2a includes a propagatémarked by a cross
whose denominator contains a term proportionak.tiNe-
)3 glecting in this denominator terms proportionalttand m?

;. (19

Q7
Q+Q?

in accordance with the conditiam?,|t|<s, we have

FPQH)=aFP(Q?); FPQH=a,

(16)

A(Za):é(Za)(alrﬁl)

: syi(a;—B1)t+ie
The constantsg anday, are strength parameters introduced

in order to take care of diquark excitation and breakup. 1
These parametrizations are constrained by the requirement + —sy,(a,— By Fie
that asymptotically the diquark models evolves into the stan-
dard Brodsky-Lepage hard scattering mofded]. 2im.
:_S_yla(Za)(alaal)a(al_Bl)’ (20)

IV. THE STRUCTURE OF THE MODEL AMPLITUDE

According to our discussion in Sec. Il the helicity flip where the regular functioazs(ay, ay) is given in Table 1.

amplitude can be expressed as a product of the helicity nonth€ contribution from Fig. 2b is given b 22)(%1,Y1)
flip vertex to which only scalar diquarks contribute and the= A(Zb)(yl,xl) There is a group of graphs in which the large
flip vertex that, in our model, is controlled by vector di- variable s appears in two propagators denominatois (
quarks: =2c¢,3a,3b,4a,4b):

SR

FIG. 6. Structure of the 4-point diquark function.
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TABLE I. Color factors and of the functiorg; , f;; andéi at 8, = a4 for sample graph#or definitions see text The contribution from

graphs 4 and 5 is actually given for subgraphab

Figure Ci
8 - 2%y o — Yoyt 206+ Y,) — k(3 —2Y))]
2a > Q)= = FO(—xy5)
-~ _252a (_Xzyzt)az
3a l a(m)zw (20X +Y2)(2y5— Y15 —2XpY1 + 2%+ 0 — 1) — k(5XG+Ay3— 10y T+ 10y 1 — 5X3y ;1 + 3X1y7
3
—4-3xyy; +4ad—5xia; — 2X af+ 2y a + By T oy — 2y 05— Ay ag + Xyy1a1) [FP(— Xoy5t)
d(3a)1= (@1 = X2) (@1 = Yo) t+ (Xp— y5) ?m?
d(3a)2= —(al_Y2)azt+yim21 fa1=X2—Y2, fEa2=Y1
i - Stag— Xyt apk(ar—Y1)(Y1—Xq)
4a _ By = [2y204+ A%+ k(Y104 — Y1 — B2+ 8ay + 5%y — 4—5%) [FS(—Xoyt)
3 Mgy,
d(aa)1= (@1 —Xq) (@1 —y1)t+ (X, —y;)?m?
d(aay2=—(ay—y) azt+ y%mz, fuai=X1—Y1, faa2=Y2
8 - 25" —XpYot) g ank(yo— )
5a > Asa)= : [Ya0ta+ 2Xp0— K( 01 +Yo0— 3Xpas +402) IF (= Xoy5t)
mng,
d(sa)1= (a1—Y2) gt +y5m?, d(sayz= (a1—X2) (a1 = Yo)t+ (Xp—y,)°m?
disay2=(Y2— ap)ast+ yfmzl fea1=—Y2, fa2=Y1, feas=X—VY2
o Representative examples of the functiahsandf;; as well
Ai=ai(a1,B1) as of thea; are quoted in Table I.

S(a;— B +diitie
1
X . ’
S(a1—B)fi+ditie

(21)

where f;; andd;; are functions of the momentum fractions
@1,B1,X1,Y1- Moreover, thed;; depend ont and m? too.
Obviously, these terms in tha;; have to be kept now, oth-
erwise the integrals in E417) would not existA,; can easily
be integrated ovepB; by using partial fractioning and the
standard formula

:73; —imd(2), (22)

Z+ie
whereP denotes the principal value integral. In the kinemati-
cal region of interest, namely?,|t|<s, the principal value
part can be shown to be suppressed ky/ad compared to
the 6 function part. Thes function provides the condition
B1= a1+ O(1/s) in this case. Hence, to leading ordersn
we approximate Eq(21) by

7.
Aj=— ?ai(a’l!al) o(B1— aq)

signuntf;;)
diofia—diifi+iesignunif;,)

X

signuntf;y)
diofia—diifio—iesignunfi,) |’

(23

The other integrations appearing in E4.7) have to be
done numerically using Eq(22) again. Since in general
signum(;,) is not equal to signunf(,) theA; have both real
and imaginary parts. An exception is Fig. 2c whéfg;);
=Xy andf,¢,=Y;. In this case the two principal value in-
tegrals cancel and the leading contributiorAtg therefore it
simplifies to

~ 772A
A(Zc)z_ Ta(2c)(a1,a1)5(a1_,31)
X 8(d(2¢)2f (2001~ d(2¢)1f (2¢)2) - (24
With the help of this news function a second integration in
Eqg. (17) can be immediately carried out.
Figures 5a and 5b, comprising 4-point diquark vertex

functions, haves in three propagators. The contribution of
these graphs can be written in the form

. 3 1
Ai=ai<a1,ﬁl>j[[1 (e BT, Tie (25)

As an example we quote the functioas, for Fig. 5a to-
gether with thed s,); andf s,; in the table. To leading order

in sthese contributions are also dominated by the imaginary
parts of the propagator poles atd;; /(sf;;). Up to correc-
tions of order 1¢ this again implies8;= «;. Thus, we find

for i=>5a,5b
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0.005

0.000

-0.005

-0.010 ¢}

(F+-(t}/s) (GeV—2)

~-0.015

-0.020 . : . . . :
3.0 4.0 5.0 6.0 7.0 8.0 9.0
-t(GeV?)
FIG. 7. t dependence of thE__ amplitude ats=100 Ge\/,
solid line-imaginary part; dot-dashed line-real part.

10.0

i 7T
Aj=— ?ai(alral) o(ay—B1)

y signunif;q)
diofip—disfio+i signunif;;) e,
1 .
X +(1,2,3 cyclic|.

digfiy—di fiz+i signunifi;) e;
(26)

How to proceed from here should be obvious.

Finally let us discuss Fig. 3c. A pole only appears in the

s-channel propagator an&i(gc) is of the form

1
S(a1—B1)(Y1—X1)+dzgtie’

(27)

Aoy =a(3c)

PHYSICAL REVIEW D60 014019

12 112 1
I(s)~ J du

do—————+0(1s
—1/2 —1/2 SUU+d(3C)+|€ ( )

2
s

dilog

-s ) il ( s ” 2i ™
— | —dllo ~———INS.
4d(3c) 9 4d(3c) S

(30)

Note, that é(gc)ocsz as the contributions from the other
graphs(see the table Thus, the dominant contribution from
Fig. 3c is

(F+)ao=isIn(s)f(1). (3Y)

We calculate numerically in Eq28) not only the leading
slns term but also the nonlogarithmic contribution which
behave likes.

V. NUMERICAL RESULTS FOR SPIN-DEPENDENT
pp SCATTERING

In our numerical studies of proton-proton scattering we
use the following form of the scalar and vector diquark DA:

@s(X1) = Ngx1X3 exl — b?(ma/x; + mg/x,)],

@v(Xy) =Nyxx3(1+ 5.8, — 12.5¢)

X exd —bA(m3/x;+md/x,)] (32)
and the set of parameters
fs=73.85 MeV, Q%=3.22 GeV, ag=0.15,
(33
fy=127.7 MeV, Q3=1.50 Ge\, ay=0.05,

k=1.39

as proposed ifi17,18. The values of the masses in the ex-
ponentials are taken as 330 Melfor the quarky and

It can be shown that the leading log contribution from thisgg MeV (for the diquarks The transverse size parameber

graph to the integral over;,3; in Eq. (17) is dominated by
the region near;= B, andy;=X;:

1 1 F(st,B1.Y,...)
fo dylfo dﬂls(al_Bl)(yl_xl)+d(3c)+i6

~F(s,t,B1=a1,y1=X1 .. .)I(9),

(28)

whereF absorbs all terms appearing in Ed.7) including
5(30) and

1

1 1
'(8)= fo dylfo d'BlS(al_Bl)(Y1_X1)+d(3c)+ e
(29)

Approximately this integral is given by

is taken to be 0.498 Ge\t. The normalization constaniés
andN,, have the values 25.97 and 22.29, respectively. As we
mentioned in the preceding section tify integration is
trivial. The other three integrations over the hard amplitude
and the proton DAs are carried out numerically. Since we
neglect 1¢ corrections throughout we find an energy inde-
pendent ratio of the helicity flip and nonflip amplitudes.

Let us discuss the role of the contributions from the indi-
vidual graphs briefly. The contributions from Figs. 2a and 2b
to F, _ are purely imaginary. Thus, although these contribu-
tions lead to helicity flips they do not produce a phase dif-
ference between the, _ andF ., and, hence, do not con-
tribute to the single spin asymmetry. Figure 2c yields a real
contribution that is quite small, about a few percent of Im
F,_ at|t|<10 Ge\?. The contributions to the real part of
F._ provided by Figs. 3a and 3b though substantial are
compensated by the contribution from Fig. 3c to a large ex-
tent. The contributions of Figs. 4a, 4b, 5a and 5b, to the real
part of F, _ are very small as the numerical evaluation re-
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40.0 50.0
s+ BNLdata (Ref.3)
o FNAL data (Ref.4)
40.0
30.0
30.0
¥ 20.0 Lt
5 z.
%20.0
10.0
10.0
0.0 { } : : : : : 0.0 S : : : :
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
~t(GeV?) —t(GeVv2)
FIG. 8. Model predictions for single-spin asymmetry st FIG. 9. Model predictions for double-spin asymmetry at
=100 Ge\? [solid line for the MPE mode(8); dashed line for the s=100 Ge\’ [solid line for the MPE mode(8); dashed line for LP
LP model(9)]. model (9)].

veals. Theirimaginary parts, however, are not small as is thafjiiyde a phenomenological parametrization is used. It de-
from Fig. 3c. These imaginary contributions play an impor-gcripes qualitatively the differential cross section of the elas-
tant role for the double spin asymmetry parameXgy . _ tic pp scattering. Thé . _ amplitude is calculated under the
The results of our galcylatlons for the helicity flips ampli- assumption that thechannel gluons couple to one constitu-
tudeF , _ are shown in Fig. 7 fos=100 GeV. As can be  ent quark or diquark, each in the helicity nonflip vertex. In
seen from that figure the imaginary part Bf. _ is much  {he pelicity flip amplitude we include the perturbative
larger than its real part. The real partfof _ changes sign at  cqrrection. Hence, we consider minimally connected graphs
|t|~3.5 Ge\£. The absolute value of the ratio of helicity flip \which allow us to keep all constituents collinear. In our
and nonflip amplitudes is fairly largeF . _|/|F,_[~0.2  model the helicity flips are generated by vector diquarks. It
—0.3 at|t|>3 Ge\* indicating the substantial amount of yrns out that the flip amplitudg , _ is of substantial mag-
helicity flips generated through the vector diquarks in ouryjtude and not in phase with the nonflip contribution.
model. . Our model, therefore, provides a single-spin asymmetry
~ The interference of the real part &f, _ with the purely  that is rather large for momentum transfge3 Ge\. The
imaginary ansatz for the amplitude, , yields the single-  gouble spin transverse asymmetry in this kinematical region
spin asymmetryAy (5). Our prediction for Ay at s are rather large in our model. The important feature of the
=100 GeV and for [t|=3 Ge\? is shown in Fig. 8 and gpin effects obtained in our model is their weak energy de-
compared to the only available experimental data in that rependence. On the other hand, they decrease with increasing
gion (ats=370 GeV) [4]. The quality of the present data is momentum transfer. Our results are valid at lassgad mod-
poor and prevents any severe test of our predictions. Thérately large momentum transferfew Ge\?). This kine-
prgdgtig ?':Sfymfmtitry amounés tOf abOUt_t2§—30(Vr:l |t¢l; matical region can be investigated for instance in the pro-
>6 Ge\?; it is of the same order of magnitude as has bee i -
observed in the low-energy BNL experimef8]. The de- 'bosed DESY HERAN experimen(2s).
crease of the asymmetry at smaller momentum transfer i§h
connected with the smallness of Re _ near|t|=3 Ge\~.
The predictions for the double spin asymme#ky are
shown in Fig. 9 Ay turns out to be of the order of 10—20 %.
Our results for the spin asymmetries are rather close to tho

obtained in[13,24 aIFhough éhe latter ar(ilzvalid in the MO~ would not necessarily imply a failure of the diquark model in
mentum transfer region 2 Gé¥ |t|<4 Ge\f. The spin ob- general but would rather indicate that the phase differences
servables obtained within the model are essentially indepens.« ot well under control and/or that the diquark model is
dent on the parametrization&8,9) used for the nonflip applied beyond its range of applicability.

amplitudeF, .

Finally we want to stress that our predictions fag

ould not be taken literally since phase differences are hard
to calculate; they depend on many subtle details which are
not well under control in a model. The diquark model on
which our model is based was designed for a different kine-
Shatical region. In so far, a failure of our prediction fag
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