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Preface to the Series 

The RIKEN BNL Research Center was established this April at Brookhaven National Laboratory. 
It is funded by the “Iiikagaku Kenkysho” (Institute of Physical and Chemical Research) of Japan. 
The Center is dedicated to the study of strong interactions, including hard QCD/spin physics, lattice 
QCD and RHIC physics through nurturing of a new generation of young physicists. 

For the first year, the Center will have only a Theory Group, with an Experimental Group to 
be structured later. The Theory Group will consist of about 12-15 Postdocs and Fellows, and plans 
to have an active Visiting Scientist program. A 0.6 teratlop parallel processor will be completed at 
the Center by the end of this year. In addition, the Center organizes workshops centered on specific 
problems in strong interactions. 

Each workshop speaker is encouraged to select a few of the most important transparencies 
from his or her presentation, accompauied by a page of explanation. This material is collected at 
the end of the workshop by the organizer to form a proceedings, which can therefore be available 
within a short time. 

T.D. Lee 
July 4,1997 
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INTRODUCTION 

From July 21 to August 22, 1997 a working group sponsored by the RIKEN BNL Re- 
search Center was convened to consider “Hadron Spin-Flip at RHIC Energies.” The original 
motivation for this arose from the importance of understanding the hadronic part of the 
proton-proton spin flip amplitude in using the Coulomb-Nuclear Interference for polarime- 
try. This is a very difficult, non-perturbative problem and it is not possible to make a 
calculation with controlled approximations, so a number of approaches were followed: 

1. methods to extract the necessary information from past experiments and from RHIC 
experiments were examined; 

2. phenomenological, Regge models - some of them very old - were reviewed; 

3. the predictions of several non-perturbative theoretical models were evaluated; 

4. the use of nuclei for the CNI experiment was quantitatively considered; 

5.  alternative methods of polarimetry were critically studied. These included Primikoff 
effect, large-t p p  scattering, and pe double spin asymmetry. 

The first talk of the working group by Elliot Leader was presented at the contemporane- 
ous workshop on Perturbative QCD as a Probe of Hadron Structure, and his transparencies 
are included in that Workshop Proceedings. A selection of the others are included here. 

There was also active participation in our work by Y. Makdisi, W. Guryn. G. Bunce, 
F. Paige, M. Tannenbaum and T. Rosen, all from BNL, and S. MacDowell, a visitor from 
Yale. 

Several research papers based on this work are in preparation. Thanks to Elliot Leader, 
whose idea it was to convene this group, and to Kopeliovich, Soffer and Buttimore for their 
work and stimulating collaboration. 

Thanks to Brookhaven National Laboratory and to the U.S. Department of Energy for 
providing the facilities to hold this workshop. 

T.L. Trueman 
Co-organizer 
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Hadronic Spin-Flip Contribution to AN 

T.L. Trueman 
Brookhaven National Laboratory 

Upton, New York 11973 

The hadronic part of the p p  single flip amplitude 4 5  is the center of our investiga- 

tion because the uncertainty in its value prevents the Coulomb-Nuclear-Interference (CNI) 

method from being a certain and precise absolute polarimeter. The first figure shows the 
measurable quantities that depend on $5 that involve only initial state polarization. The 
second figure shows the data from Fermilab E704. This is the only high energy data available 
in the region of t for which AN is enhanced by the CNI effect. This is well fit by #s = 0, 

indicated in the figure by T = 0 but the error is f0.15. In this section r = d q & / # l .  
That fit is the best fit with Im T constrained to be zero. If that constraint is lifted the best 
fit, also shown, has a much bigger error, f . 3 ,  and about the same x2. 

The next figure shows the energy dependence of P at t = -0.15, the smallest value 

of t for which there is sufficient high energy data. The best fit to a + b / 6 +  c / p ~  gives a 

non-zero asymptotic value for P .  

ANN depends on #s but it also depends sensitively on 4 2  and 44.  If we assume that 

these last two vanish linearly with t ,  as would be the case with factorized Regge poles but 

is more general, then the parametrization shown is appropriate. The two pieces can cancel 

against each other simulating a pure CNI piece but with a shifted magnitude corresponding 
to the same shift in AN.  The size of ANN is very small, probably unmeasurable at pp2pp.  

There are big double-spin asymmetries in p e  scattering which are free of hadronic 

uncertainties. This has led Nurushev and collaborators to propose putting a proton beam 
onto a fixed polarized electron target. The symmetries are large only when the electron is 

longitudinally polarized, either ALL or Ast . The latter, relevant for transversely polarized 

beams, is shown in the last figure for p~ = 100 GeV/c and p~ = 250 GeV/c. The recoil 

electron energy is quite large, about 10 GeV/c and 55 GeV/c respectively and the recoil 

angle is about 2 mrad to the beam direction in both cases near the maximum asymmetry. 
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Measurable quantities depending on q5 

cf. ButtimOn, Gorsman and k&.r (1978) 
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REVIEW OF POLARIZATION IN p p  ELASTIC SCATTERING 
AT HIGH ENERGY AND PHENOMENOLOGY 

Jacques SOFFERl 
Centre de Physique Thkorique 

CNRS Luminy Case 907 
13288 Marseille Cedex 09 France 

We start by recalling the difficulty of describing p p  elastic scattering, which involves five 
complex helicity amplitudes (6; (s, t )  (i = 1, . . .5 ) .  So, for each kinematic point, center-of-mass 
energy and momentum transfer, the full knowledge of this reaction requires the extraction 
from the data of nine real numbers, since one overall phase remains undetermined. Indeed 
this implies the need of many measurements; most of the possible twenty five ones have 
never been done at high energies. At phb = 6 GeV/c several spin observables have been 
measured at the ZGS (ANL) and we illustrate the method for an amplitude reconstruction. 
It leaves large uncertainties on the phase and the magnitude of the natural parity exchange 
amplitudes 91- 43 and 4 2  + 44 ,  which turn out to be the smallest ones. A rigorous positivity 
bound for Im 42(s, 0) has been derived long ago, which can be translated in terms of total 
cross sections in pure spin states, and it is obviously obeyed by the available data up to 

= 12 GeV/c. 

We also recall the present experimental situation at high energies for the single-spin 
asymmetry AN which has been measured at CERN, BNL and FNAL up to p b b  = 300 
GeV/c. One should notice the scarcity and some lack of accuracy of these data which have 
explored only a limited range in momentum transfer. One observes that for P h b  < 25 GeV/c 
or so at fixed t ,  AN decreases with increasing energy but its behavior at higher energies 
remains unclear. A simple Regge picture is unable to describe properly these data but in the 
high energy region an impact picture approach is shown to be rather successful. This model 
introduces a small flip-coupling of the Pomeron such that its contribution to the single- 
flip amplitude #r is non-zero and therefore it predicts that AN does not vanish at very 
high energies. Here one should not forget that even if 4; = 0, the effect of the Coulomb- 
Nuclear interference (CNI) introduces a positive shift of AN of the order of 1% to 2% up to 
It[ = 1 GeV2 or so. This is a sizeable effect when we compare it to the measured values. The 
magnitude and phase of 4 s  are crucial to decide if one can use this CNI effect in the very 
forward region (t 2 10-3GeV2) to calibrate at RHIC the degree of polarization of a high 
energy polarized proton beam. According to the impact picture model &' is so small in this 
region that it should not affect the pure CNI prediction. 

. 

'EMAIL: SOFFER@CPT.UNIV-MRS.FR 
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FIG. 2. The value of the forward polarization slope PO [Eq. 
(IO)] vs s (in GeV'). The crosses indicate data from Ref. (211; 
the diamond, data from Ref. i221; the square, data from Ref. 
(231; the dash, data from Ref. D4I; and the star, data from Ref. 
[25]. The solid line is drawn through the mean value PO-0.83. 
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Attempts to improve the accuracy of the CNI analyzing power 

Elliot LEADER 
Birbeck College 

London WClE 7HX 

My survey of polarimeters was presented to the RIKEN BNL Workshop on Perturbative 
QCD as a Probe of Hadron Structure and a summary will appear in those proceedings. One 
of the most promising polarimeters is based on interference between electromagnetic and 
hadronic amplitudes. Its analyzing power AN was thought to be exactly calculable, but it 
turns out that this claim rests upon the assumption that all hadronic helicity-flip amplitudes 
vanish at high energies and are negligible in the RHIC region. This assumption is probably 
a good approximate statement, but can not be proved rigorously. 

Here I wish to explore to what extent one can learn about these helicity amplitudes from 
experiments at RHIC. 

Surprisingly, it turns out that information useful to both the above can be obtained in 
principle from a study of the t-dependence of the cross-section asymmetries associated with 
AN and ANN at small t ,  even when the beam polarization is unknown. Alas, however, 
Nature conspires to make this method of little practical use. Nonetheless, in studying the 
structure of the contributions to AN we have succeeded in simplifying its form so that it 
depends on only one unknown parameter, the imaginary part of the asymptotic part of the 
4 5  amplitude. 

We consider p p  collisions in the collider mode at small momentum transfer when the 
bunch polarizations are arranged so that one can measure the cross-section asymmetries 
associated with AN for each beam (one beam unpolarized) and with ANN (both beams 
polarized). 

We assume CTTOT (hadronic) is known reasonably accurately. Let  PI,^ be the unknown, 
but non-zero, polarizations of the beams. The transparencies outline the main ideas of this 
approach and show why the method, in the end, fails to be of practical use. 
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DISPERSION RELATION APPROACH TO SPIN FLIP 

N.H. BUTTIMORE 
University of Dublin 
Hamilton Building 
Dublin 2, Ireland 

1. The asymmetry AN for elastic p p  scattering in the Coulomb-Nuclear interfer- 
ence region at high energies may be expanded in powers of t according to 

m (21mr5 - t&/t + 2pImr-5 - 2Re9.5 -AN = J-l 1 + (tc/t + PI2 

where t ,  = 8 ar/cqot corresponds to interference, 

m 245 

w 4 1  + $3) 

Im (dl + $3) 

r5 = - 0 I m ( h  + 43) '  

P =  

~p = pp - 1 = 1.793. 

An expression for somewhat larger d u e s  of -t is given in equation (4) 
of PR 51, 3944 (1995). The amplitude 4 2  has been ignored here but will be 
included in item 3. The maximum AN in the interference region is controlled 
by I C ~  - 2Imr5. 

2. A fit to the E704 data indicates that the hadronic helicity flip non-flip ratio 

Imr5 = 15% f 31% 
Rer5 = -2.5% f 3.9% 

a) 

in the case where data in the interference region only is used. 

Imr5 = 8 % f  14% 
Rer5 = -1.0% f 0.4% 

b) 

in the case where the data in both the interference region and extending to 
-t = 0.6( G ~ V / C ) ~  at laboratory momenta 150 to 300 (GeV/c) are employed. 

We conclude that the real part of r5 is sensitive to the larger -t asymmetries 
A N ,  as expected from the above expression where p Im ~5 is more prominent at 
larger --t values, p being small at the energies considered. 

3. The hadronic double helicity flip amplitude 4 2  = (+ + 1#1 - -) does not 
necessarily vanish at t = 0 and, if not negligible, would appear in the numerator 
of the expression for ( m / O )  AN in the form 

[2Imrg -tcP(1+ +Imr2)]tc/t+(2p+Rers)Imr5 -(2+Imr2)Rer5 

35 
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The maximum of the asymmetry in the CNI region is now proportional to 

so that either I = Imr5 or -5 = Imr2 = AoT/ot,t, or both, may alter the 
maximum. Here AOT refers to the difference between transversely polarized 
total cross sections. 

4. Suppose that a maximiim of the asymmetry in the CNI region is known ex- 
perimentally. Imrs and Imr2 contribute as we have seen. The r6 le of p and 
the Bethe phase S is non-negligible in this maximum. To first order, the con- 
tributions of such quantities is given in the table. Positive values of Imr5 and 
AaT/at,,t = 26 decrease the maximum 
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(2) For B 2 50GeV2, AN changee sign around 111 M 0.3 
to 0.4(GeV/c)2 from positive to negative and reaches 
a negative minimum followed by ti sharp zero crossing 
in the region where the diffractive dip in the differen- 
tial cto t~  section develops around It( = 1.2 (GeV/c)' and 
possibly remains positive at  larger It1 values. 

These features have stimulated a number of specula- 
tions on the existence of a hadronic helicity single-flip 
contribution, &, that does not necessarily decreae as 
&+/a, 

Recent elastic p p  scattering resulte at very small an- 
gles from Ferruilab help to advance our underotariding 
of the hadronic single-flip helicity amplitude. By ueing 
the polarized proton beam at  Ferlnilab and ecettering 
on a recoil-sensitive scintillator target, it was poesible 
for the first time to measure the analyzing power of pp 
scattering at  very emall I t [  valuee [1.5 x loa3 5 It1 5 
5.0 x (GeV/c)l] around 200 GeV/c 1131. This mo- 
mentum transfer range was not accessible in other exper- 

. iments that urred unpolarized bearns and polarized tar- 
gats at comparably high energies. 'I'he data aet around 
300 GeV/c that we are considering in thie study spans 
1.5 x 5 It1 0.6 (GeV/c)l. Over this region, the 
asymmetry can be expressed as 

AN 5 - J-1 
m 1 + ( p  - ,t)2 - z;,p (((14 - 1)z - 2 ~ 1 2  -+ 412) 

( p  - l ) z  - 221 + 2(yl- R ) ( l  + t l r )  

n e  
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FIG. 1. The three curves repreclent the fitu to the pp as+ 
metry data in the 1,s x lo-' 5 It1 5 0.6 (CeV/c)' range we 
have considered (see Table I ) .  The solid line corrwyondo to 
1, dashed to 2, and dotted to 3. 
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t BRIEF REPORTS 

TABLE I. Results of the evaluation of the singleflip helicity amplitude for pp 
otat = 39 mb and when an error equals zero i t  implies that the variable is fixed to a 

No. R I 7 P PL range 

1. -0.044 k 0.013 0,295 f 0.207 0.440-1t 0.018 -0.02 150-205 
( GeV /c) 1 (GeV/c) 

2 -0.1010 0.004 
3 
4 
5 

-0.037 Ifi 0.022 
0.082 f 0.138 
0.078 f: 0.182 

0.285 f 0.036 -0.02 
0.389 f 0.017 

-0.025 It 0.039 0.145 .+ 0.311 0.450 f 0.000 

-0.10 

-0.02 
-0.10 

150-300 

185-200 { 
45-205 '* -0.041 k0.002 0.000 & 0.000 0.440 -f: 0.009 

-0.097 k 0.002 0.500 =t 0.000 0.433 f 0.009 
-0.161 =f: 0.003 1.000 * 0.000 0.424 f 0.012 
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Fig. 3. 

Fig. 1. The non-s-wave parts of In1 cPp 
and Imppp. The c o n t i n u o u s  c u r v e  is a f i t  
(by eye) to the f o r m e r ,  and t h e  dashed 
curve is a f i t  to the l a t t e r ;  t h e s e  curves  
have been used in  comput ing  dispersion 
integral s. 
Fig. 2,  The non-s-wave p a r t s  of (a) Imcpn 
and (ti) Irnppn. The continuous c u r w s  
are the empirical f i t s  which have been 
used in computing d i s p e r s i o n  integrals. 
The exper imenta l  po in ts  shown by broken 
lines are considered to be less reliable 
than the rest for  reasons given in the text. 

(b)(ic/sin 8 )  Fig. 3. (a) I m ( i c / s i n @ ) p  

which  have been used in computing dis- 
pe rsion integrals. 

P” The dashed curves are t R e empirical  f i  s 

f .  w 
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Polarimetry at high energies 
with p p  elastic scattering 

Boris KOPELIOVICH 

Heidelberg/Dubna 
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