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Diffractive effects in spin-flip pp amplitudes and predictions for relativistic energies
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We analyze the diffractivéPomeron contribution to thepp spin-flip amplitude and discuss the possible
scenarios for energies available at the Relativistic Heavy-lon ColligefiC). In particular, we show that
RHIC data will be instrumental in assessing the real contribution of diffraction to spin amplitudes.
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[. INTRODUCTION with respect to the spin-non-flip amplitude were analyzed
and reasonable arguments were given concerning the linear

The study of diffraction on high-energy scattering usingdependence onfor ¢, ($,t whent—0) [15], while in the
Regge formalism is a well-known subjddi]. Until the com-  case of¢, the relationg,ot is consequence of angular mo-
ing in operation of Relativistic Heavy-lon CollidgdRHIC), mentum conservation.
the highest energpp data available from accelerators were  So, the general form of the polarizatiéhfor pp scatter-
those of the Intersecting Storage Riif§R) at CERN. Those ing
experiments, however, did not measure the polarization of

the projectiles. Since the differential cross sectider/(dt) at IM[(p1+ Ppot d3— ba) Pt ]
ISR energies is usually assumed to be dominated by the spin- = > 5 2 > > @
non-flip amplitude, many of the models describing the dif- [1a]*+ [l "+ [ bal*+ [ bal*+ 4| 5| 7]

fraction in pp scattering do not take into account the contri- o )

bution from spin-flip amplitudef2—4]. Others dd5-8 but ~ ¢an be simplified assuming thg, and ¢, are small com-
in this case they use data at lower ener§@sHowever, the Pared to the others amplitudes in theegion under interest.
study of diffraction in spin-flip amplitudes began many years!Using the definitions

before that when one of 40] noticed that polarization data

at 7p scattering suggested a diffractive contribution in the _9(sH) :h(s,t) @)
spin-flip p amplitude at high energy which becomes evi- ! 2 ' 7h 2

dent when the kinematical zero is removed. The spin-flip

amplitude without the kinematical zero is named “reduced”where g(s,t) and h(s,t) will be consideredeffectivespin-
and manifests itself as a peak in the forward direction whichon-flip and spin-flip amplitudes, respectively, and assuming
does not appear to vanish as the energy increases. In Ref, = ¢ the polarization can be rewritten as

[10] it was explicitly noticed that, once the kinematical zero

is removed, all partial waves act coherently in the small Im[g(s,t)h* (s,t)]
angle domain as it is typical of diffractive eventkl]. The pP=2 5 > 3
following statement was made lafgir2]: “the residual spin- la(s,1)|*+2[h(s,1)]

flip amplitudes behave very much like spin-non-flip ampli-

tudes at high energies and exhibit a pronounced forward Today, a rather considerable amount of data at higher en-
peak which is largely independent of the particular elasticergies has been gather¢@l] in the relatively small angle
reaction chosen.” The same conclusion was obtained in thdomain and new perspectives are being opened by the com-
analysis ofpp data some years latgt2] but in the case of Ing in operation of the Relativistic Heavy lon Collider
pp scattering the situation is complicated by the existence ofRHIC), the ideal machine to study polarization in high en-
five independent helicity amplitudes, nameg], with j  €rgy collision processed3].

=1,...,5. Ofthose, ¢, and ¢ are spin-non-flip ampli- In addition, our phenomenological information on the
tudes, ¢, and ¢, are double spin-flip amplitudes, amfl is ~ SPin-non-flip amplitude is today much more complete and
a single spin-flip amplitude. this can be used to reduce the uncertainties in the analysis.

In this work we are interested in high energy and not tooUsing an explicit parametrization for thep spin-non-flip
high t so that we can concentrate the analysis on the mai@mplitude [14] whose parameters have been calculated
aspects of the spin-flip amplitude f@p scattering in the against all high energgp andpp data(except polarization
diffractive region. In Ref[7] the magnitudes o, and ¢, Wwe analyze the structure of the reduced spin-flip contribu-

tion, where the kinematical zero is removed with the factor

J—t. The following conclusions are reached in this analysis.
*Electronic address: martini@ifi.unicamp.br (@ The (reduced spin-flip amplitude exhibits the typical
"Electronic address: predazzi@to.infn.it peak in the forward direction which characterizes diffractive
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amplitudes but the reduced spin-flip amplitude is less than TABLE I. Values of the parameters obtained from fitting polar-
10% of the imaginary part of the spin-non-flip amplitude. ization data at/s=13.8, 16.8, and 23.8 GeV with Eq&) and(7).

(b) The data fitting with the same energy dependence irfhe x*/Npg is 1.1.
g(s,t) andh(s,t) seems the best choice; a zero is automati

cally produced in the polarization; this moves with energyi Vi g Bi(GeV?)
towardst=0 as a consequence of the analogous shift of th 1.35¢10°1 2 64x 10~ 1 474
dip in do/dt induced by the zero of the spin-non-flip ampli- 2 2 55¢ 102 5.38x 102 229
tude. ' ' '

(c) The magnitude of the polarization decreases as the
energy increases but the extrapolation to 500 GeV predicts R(s,t)=a%"(s,t)
non-negligible contribution if the same Pomeron trajectory
for both spin-flip and spin-non-flip amplitudes is used. —t~ o
In the next section we present the expressions of the am- = (iy2+d1)-——s" Vet (0.5-t|)
plitudes and explain them. In Sec. Il we show the fit of the P
data and the modifications on the spin-flip amplitudes. We —t o
also consider a similanondiffractive analysis of the data. +(iy+ 5z)m— s* (Nef (|t -0.5), (6)
Although the fit to the lower energy data is essentially the P
same, the two analySiS prediCt a very different behavior aWhere the mass of the protmnp is used to make the param-
increasing energies. As we will stress, RHIC data Shou'%;ters dimensionless. In E(§) 5= (s/s)e” ™2, © is the step
provide a reasonably clear cut answer to the question . 1 '

) . . A _“function and we assums,=1 Ge\? as in Ref.[14]; the
whether or not diffraction contributes to _the spin-flip ampli- superscripssf (for “spin-flip” ) allows us to check if thé’
tude. In Sec. IV we present the conclusions.

trajectory can be different for spin-flip and spin-non-flip am-
plitudes. While the complex phase in H&) is used to take

[I. DEFINITION OF THE AMPLITUDES into account in a phenomenological way the mixingQ®
even and odd contributions cited above, the step function is
used to account in the most economical way for the fact that
the fitting procedure requires a change in the slople(sft)
(similar to what happens ida/dt) to have a good descrip-
tion of the polarization data. The precise point where the
slope changes, however, is rathiénsensitive and could be
taken at almost any value between 0.2 and 0.7 GQ@aV/|t|).

We do not have an explanation for this effect nor for the
insensitivity in the choice of the point where the slope
changes but it proves that our parametrization is quite stable.
To start with, we take the spin-flip Pomeron trajectafi(t)

to be exactly the same as derived for the spin-non-flip am-
plitude

The effective ppspin-non-flip amplitude will be written
as

g(s,t)=a"(s,t)=a,(s,t)—a_(st) (4)
with
a,(s,t)y=ap(s,t)+as(s,t)
and
a_(s,t)=ap(s,t)+a,(st), (5
where ap(s,t) and ag(s,t) are the Pomeron and Odderon a1 ()= ap(t) = ap(0) + ajt, (7)
amplitudes, respectively, arak(s,t) [a,(s,t)] is the even

(odd secondary Reggeofl6]. These different amplitudes wherea;(0) ande; are given in the Appendix.
are taken directly from Refl14] and their explicit forms are

?Eii\rlsgtei?sthe Appendix together with the values of their pa- |, &1 To THE EXISTING pp POLARIZATION DATA
To write the effective spin-flip amplitudie(s,t): (i) first, The differential cross sectiodo/dt for pp scattering is

we neglect the spin contribution of secondary Reggeons tavailable at energies up to 63 GeV in the c.m. system but
check whether diffraction could be the dominant phenom-olarization data are available only at lower energies. We
enon for the spin-flip amplitude at smét| at the available utilized the data at/s=13.8, 16.8, and 23.8 Gel4 total of
energiesj(ii) second, we notice that the combination of the64 points in the fit and we checked the quality of the result
exchange of two and three gluon ladders ind@i-even  describing the polarization at 19.4 GeV. The parameters ob-
(and -odd contributions to the spin-flip amplitude that af- tained in the fit are shown in Table | with the begt per
fects Pomeron exchange. We have, therefore, to anticipattegree of freedom. In principl@nd in practicg the inclu-
that the diffractive(Pomeron contribution to the spin-flip sion of the spin-flip amplitude in the game would require
amplitude may have a slightly modified structure from therefitting all the parameters to reproduce the angular distribu-
usual one. Differently stated, to take into account three gluoions as well. We will check, however, that the fit of the
ladders, we do not take a strict Regge pole parametrizatiopolarization datavithoutperforming a new fit to the angular
for the Pomeron spin-flip term and we allow a real part con-distribution does not modify the quality of the fit to the latter
tribution to be present. Thus, in the very sm#lldomain, we  while making much more direct the analysis of the polariza-
write tion data.
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FIG. 2. The prediction for the polarization at 19.4 Génot
0.40 : : used in the fit compared with the experimental data at that energy
(b) (parameters from Tablg.l
» -]— Figure 1 presents the set of polarization data used in the
020 T fit together with our reconstruction. Figure 2 shows the po-
larization atys=19.4 GeV with the prediction of our model
S since this set was not used in the fit. In Fig. 3 we show
2 000 1 do/dt at various energies as described by adding the
§ (squared spin-flip amplitudg see Eq(A9) in the Appendix]
+ to the(squared spin non flip term. As anticipated, the quality
of the fit has not been altered
020 1 1 Several comments are in order.
(&) The P contribution to the spin-flip amplitude(s,t) is
considerably smaller than to the spin-non-flip tegts,t)
-0.40 ) L (about 5%, roughly, a{/§: 20 GeV and changing little until
0.0 1.0 il (Gev) 20 30 500 Ge\j. This value is compatible with the analysis per-
0.40 T .
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FIG. 3. The differential cross section obtained in this work tak-
ing into account the spin-flip amplitude, E@). The highest set of
o o data corresponds to 23.5 and 27.4 GeV grouped together. The other
FIG. 1. Results from fitting polarization data(aj 13.8 GeV,(b) sets(multiplied by powers of 102) are 30.5, 44.6, 52.8, and 62
16.8 GeV, andc) 23.8 GeV(see Table)l GeV.
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formed in[7] where use was made of the relative amplitude
rs=mos/(y—time.). In our case, Inrs=—0.054 at\/s
=500 GeV. We should mention that we findtural that the
spin-flip part of the amplitude should be a small fraction of
the spin-non-flip but, again, we have no real reason for this.

(b) Contrary to the discussion made in R¢l2], the
(small |t|) slope of the spin-flip amplitude 8,
=4.74 GeV 2 appears to be not very much different from
the effective slope of the Pomeron in spin-non-flip amplitude
(see the Appendix The present parametrization, however, is
considerably more elaborate and the set of data corresponc
to higher energies so the results of these papers may not b
directly comparable.

(c) Our resultfi.e., h(s,t)] cannot be extended {¢| val-
ues much higher than few Gé&\because the spin-non-flip
amplitude utilized is valid at the Born levé¢ll4] and its
description in the region after the dift|>>1.5 Ge\#) is not
very good. To extend our considerations to highir it
would be necessary to adopt the more sophisticated eikonal
ized version. Anyway, théregion of interest for RHIC is up
to 1.5 GeVf [13] so we can confine our analysis to the not
too high [t|-region. This point may have to be reconsidered
in the future along with more detailed analysis.

(d) The spin-non-flip amplitude in Refl4] fits do/dt
without the spin contribution and that description is not
spoiled by the presence bfs,t) on this work since it is very
smaller tharg(s,t).

arization

Polarization

A. The kinematical zero of the spin-flip amplitude

The original work about diffraction and polarization data
at p scattering calculated the reduced spin-flip amplitude
removing the kinematical zero by means of a&instead of
J—t [10]. Since the energies available at that time were
much lower, it would be difficult to see differences between
the two approaches. But the data presently available and th
coming in operation of RHIC at even higher energies raises
the question of what would happen if the factor giwas
used. In principle, the use of relativistically invariant vari-
ables used earlier seems more appropriate but we feel the
the answer can only come from experiments.

To answer this question we adopt in this section the spin-
flip amplitude

h(s,t)=a%'(s,t)

=(iy,+ &,)sin 652" Vef1t@ (0.5-|t|)

Polarization

+ (i yp+ 8,)sin 652" Web2@ (|t] — 0.5). 8)

We use the same procedure of the fit with £, that is, we
fit the data aty/s=13.8, 16.8, and 23.8 GeV assuming
a(t)=ap(t). Then we check the quality of the fit with the
description of the polarization data at 19.4 GeV. The values
of the parameters obtained with E&) are shown in Table
I.

Following the same procedure of the previous section, we
present in Fig. 4 the result of the fitting while Fig. 5 shows
the polarization at/s=19.4 GeV and Fig. 6 presents-/dt.
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FIG. 4. Results from fitting polarization data(aj 13.8 GeV,(b)
Two differences in the present results and in those of thd6.8 GeV, andc) 23.8 GeV(see Table .
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FIG. 5. The prediction for the polarization at 19.4 Géhot FIG. 7. The polarization predictions fofs=50 and 500 GeV

used in the fit compared with the experimental data at that energyw'th the parameters of Table I.
(parameters from Table)ll

Egs.(6) and(8) goes to the root of the problem of whether or
previous analysis are worth being emphasized. First, the ratigot diffraction contributed to spin flip. This difference will
of the reduced spin-flipH(s,t)/sin6) to the spin-non-fip have relevant consequences at higher energies and the
amplitude is much biggeabove 90%and this big ratio was PP2pp experiment at RHIC13] will be able to discriminate
noticed at lower energies tofd2]. Second, the slopg, DPetween these two scenarios.
=6.25 GeV is higher than the previous resifable ) so
the reduced spin-flip amplitude is steeper on this case.

Although Eqgs(6) and(8) present very different values for ) _ o _
the parameters; , 8,, and y,, Figs. 1-6 show that the de- Thepp2p_p e.xpe.rlment at RI—_|IC will prowae information
scriptions of the data are similar and the fits have a compa@P0ut polarization irpp scattering at energies between 50
rable y2. To understand the consequences of using one p&nd 500 GeM13]. That means a big increase in the amount
rametrization or the other it is necessary to remember that! information about the spin content of the proton so it is
sin 6=\~ t/s. So, to all effects, Eq(8) does not have the important to see what we can say aboup the polarlzatlon in
dependence of the Pomeron. Differently stated, the para hat energy range pased on the mformqﬂon we hgve .derlved
etrization (8), ultimately, is not diffractive. The comparison rom the data ava|.labl-e at lower energies. To th's, aim, we
between the two parametrizations usedH¢s,t), therefore, ~calculate the polarization afs=50 and 500 GeV with Eq.
(6) plotting the result in Fig. 7. We can see that the polariza-
tion decreases in magnitude with increasing energy but it is
still sizeable at 500 GeV. Ed6) produces a peak of about
10% of positive polarization aroune-t=1.25 Ge\* and
Js=500 GeV as compared with (@ositive) polarization of
over 15% aty/s=50 GeV.

Now we compare this result with the prediction using Eqg.
(8) (see Fig. 8 The polarization calculated with the factor
sing is much smaller(about 5% aty/s=50 GeV) but be-
comes essentially zero afs=500 GeV. As already men-
tioned the factor /s hidden inside the sine function is im-
portant to separate the predictions at high energies.

We have also checked the possibility of a different inter-
cept for the trajectoryS(t). In this case Eq(7) is modified

B. Predictions to higher energies

do/dt (mb/GeV?)

TABLE II. Results from fitting polarization data afs=13.8,
16.8, and 23.8 GeV with Eq$7) and(8). The x%/Npg is 1.1.

It| (GeV?) .
[ Yi Si Bi(GeV ?)
FIG. 6. The differential cross section obtained in this work tak-
L S ) 1 2.55 4.80 6.25
ing into account the spin-flip amplitude through E8). About the
data see Fig. 3. 2 0.18 0.45 2.30

034029-5



A. F. MARTINI AND E. PREDAZZI PHYSICAL REVIEW D 66, 034029 (2002

e 50GeV energies ofys=500 GeV if the Pomerofdiffraction) con-
005 | 500 GeV —-— 500GeV | tributes to the spin-flip amplitude as lower energy data tend
S N to suggest. A vanishing contribution is otherwise expected.

003 I‘. flip amplitudes (by eikonalizing them, for example, Ref.

[14], by introducing subasymptotic effects in the spin-flip
\ part by secondary Reggeons and s¢ bat we expect that

Polarization

-0.001 L L L
00 05 10 15 20

[t (GeV) ' in the region of smalk (where the Born amplitudes work

0.01 - \ ] well) and high energie$where the Pomeron dominaje#é

’ gratifying from the theoretical point of view as well as a
-0.01 L s

1.0
It (GeV®)

FIG. 8. The polarization predictions for 50 and 500 GeV with a ACKNOWLEDGMENTS
detailed view of the data at 500 GeV in the in§garameters from

15 20 points will, hopefully, be reconsidered in the future.

It would be possible to improve the description of the data
with more elaborated forms for both spin-non-flip and spin-

! the main conclusions of our analysis would remain the same

. . more detailed analysis to separate the contributions of the
Pt TR T -0 T - exchanges of two and three gluon ladders would be more

: better study of the break in the diffractive slopes. All these
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small that it would be essentially impossible to detect those

values experimentally. Since there is no improvement of the APPENDIX: THE SPIN-NON-FLIP AMPLITUDE
fit with the increased number of parameters we discard this

solution. The spin-non-flip amplitude utilized in this work is

a"f(s;t)y=a_(s,t)—a_(s,t), (A1)
IV. CONCLUSIONS

We analyzed the spin-flip amplitude and removed its ki_where

nematical zero to stu_dy the Pomeron contribution to the spin a.(s,)=ap(s,1)+a(s,1) (A2)
as suggested long time ag®0,12. We made use of two

hypothesis to remove the zerﬁ/ m, and sing, where the  and

first is more convenient at high energies since it is relativistic

invariant while the second was used in the original work a_(s,t)y=ag(s,t)+a,(st). (A3)
about diffraction inpp spin-flip amplitudeg§12]. The differ-

ences resulting from the application of Ed6) or (8) are The expressions for the two Reggeons used in Ref|
quite large although the descriptions of the data betwee@'®

Js=13 and 24 GeV are very similar. The fraction fufs, t) ~ () bt

to g(s,t) is small if —t/m, is used(around 5% but it aR(s,t) =ags*RVer (A4)
becomes big when sifis utilized (more than 90% Al- d

though, as already mentioned, we do not have a strict reasGi'

to prefer one over the other, the first solution is much more in _ / _

line with the traditional analyses. Also, the slope at srftall ar()=ar(0)+agt (R=1 and w) (AS)
changes wher/—t/mj is substituted by sif, showing that ith a,(a,) real (imaginary.

h(s,t) becomes steeper with the second option. At the same For the Pomeron, the spin-non-flip amplitude is
time, the slopeg3, is practically the same in both cases show-

ing that there is a modification om(s,t) around —t alP)(s,t)=a s O[ebrler®=1(p +In's)+dp In's]
=0.5 GeV?, which confirms the necessity of two slopes in (A6)
the spin-flip amplitude as it was assumed. The extrapolations

shown in Figs. 7 and 8 suggest that the data from RHIC willwhile for the Odderon we use

be crucial to understand and choose the best form to describe

the spin-flip amplitude. ap(s,t)=[1—exp yt)]ao”éao(t)[ebo(ao(t)—1)(bo+|n’§)
In summary, the prediction is very straightforward: a posi- _
tive polarization of the order of 10% is predicted at RHIC +dg Ins], (A7)
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where againap(ag) real (imaginary and we have utilized TABLE [ll. Parameters of the dipole model at the Born level
@i(t)=a;(0)+ a/t, wherei=P,0. [14] with i=P,0,f,w.
Our definition for the amplitude followgl4] so that

Pomeron Odderon f Reggeon « Reggeon

o= 4—7Tlm{a”f(s,t=0)}, (A8) ;(0) 1.071 1.0 0.72 0.46
S a (Gev'?)  0.28 0.12 0.50 0.50
do a; —-0.066  0.100 —-14.0 9.0 )
=2 [|a"(s,t)|2+2|as(s,t)|2]. gi 1046576 zg.ég 1.64 GeV¥ 0.38 GeV'
(A9) ) (Gev?) 1.56

In this work we retain the same parameters for the spin-
non-flip amplitude as in Ref.14] and we keep them fixed
while fitting the parameters of the spin-flip amplitude. We
utilize the dipole model at the Born level since most of the

To calculate the polarization we utilized the form

Im{a"(s,t)[a%'(s,1)]*}

polarization data is contained in the&lomain corresponding p=2 (A10)

to the region before the dip ido/dt (well described without |a™(s,t)]2+2|a%(s,1)]?

eikonalization. The values of the parameters of the spin-

non-flip amplitude{ 14] are shown in Table III. where the star on the numerator means complex conjugate.

[1] E. Predazzi, ifProceedings of the International Workshop on Phys. A14, 253(1999.
Hadron Physics 98edited by E. Ferreira, F.F. de Souza Cruz, [9] R.V. Kline et al, Phys. Rev. D22, 553 (1980; G. Fidecaro

and S.S. Avancin{World Scientific, Singapore, 1999p. 80; et al, Nucl. PhysB173 513(1980; G. Fidecarcet al, Phys.
see also V. Barone and E. Predaztigh Energy Particle Dif- Lett. B 105 309(1981); J. Snyderet al, Phys. Rev. Lett41,
fraction (Springer-Verlag, Berlin, 2002 781(1978.

[2] P. Desgrolard, M. Giffon, and E. Martynov, Eur. Phys. L& [10] E. Predazzi and G. Soliani, Nuovo Cimentda, 427 (1967.
359(2000. [11] M.L. Good and W.D. Walker, Phys. Re%20, 1857 (1960).

[3] P. Desgrolard, M. Giffon, and E. Predazzi, Z. Phy$5%241 1] K. Hinotani, H.A. Neal, E. Predazzi, and G. Walters, Nuovo
(1994, Cimento A52, 363(1979.

[4] A. Donnachie and P.V. Landshoff, Nucl. Phy8231, 189 [13] W. Guryn, Nucl. Phys. BProc. Supp). 99, 299 (2001).

(19849. [ . .
. 14] P. Desgrolard, M. Giffon, E. Martynov, and E. Predazzi, Eur.
[5] (Cl.gE;cg;urrely, J. Soffer, and Tai Tsun Wu, Phys. Revl® 3249 Phys. J. C16, 499(2000.

[15] A similar dependence was also utilized in another work where
the impact parameter space was uged
[16] Actually, a; embodies botli andp contributions(anda,, both

[6] S.V. Goloskokov, S.P. Kuleshov, and O.V. Selyugin, Z. Phys. C
50, 455(1991).

[7] N.H. Buttimoreet al,, Phys. Rev. D69, 114010(1999.

[8] N. Akchurin, S.V. Goloskokov, and O.V. Selyugin, Int. J. Mod. ® anday).

034029-7



