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PHYSICAL REVIEW D, VOLUME 61, 077504

Odderon and spin dependence of high energy proton-proton scattering

E. Leader
Department of Physics and Astronomy, The Vrije Universiteit, Amsterdam, The Neth&rlands

T. L. Trueman
Physics Department, Brookhaven National Laboratory, Upton, New York 11973
(Received 3 August 1999; published 7 March 2000

The sensitivity of the spin dependence of high engrgyscattering, particularly the asymmety;, to the
odderon is demonstrated. Several possible ways of determining the spin dependence of the odderon coupling
from smallt data are presented.

PACS numbes): 13.88+¢€, 13.60.Hb

The odderon is a latecomer to the family of Regge poleslecisive test of this feature is not possible because of the
and, to date, there is not any firm experimental evidence foabsence of data at the same energy for the two cases. There
it. It is the putative negative charge conjugation partner tcare suggestions that the odderon might be important because
the Pomeron, the dominant Regge singularity at high energythe difference between thgp andpp differential cross sec-
The exact nature of the Pomeron is even now not well untions in the dip region appears to persist as the energy grows
derstood. Two aspects are virtually certain, almost by defi{8,9]. At the same time fits ter,,; and p(t=0), the ratio of
nition: (1) it is a singularity, no doubt more complicated than real to imaginary parts of the forward, helicity-diagonal am-

a simple pole, in thé-channel angular momentum plane that plitudes, over a wide energy range for bgth andpp leave

lies atJ=1 when the momentum transfer 0, and(2) it has little room for the odderon at=0 [10,11]. Recently new
charge conjugatio€ = +1, signature ¢ 1)’=+1 and isos- methods for observing the odderon #rp— pn/p [12], in

pin | =0. The odderon, also by definition, will lie at or a little pseudoscalar producti¢@3] or charm versus anti-charm jets
below J=1 att=0. It too hasl=0 butC=(—1)’=—-1. [14]in ep collsions have been proposed.

The possiblity of such a Reggeon was first recognizedjn ~ The spin dependence of high energy proton-proton elastic
and its properties and implications have been extensive@cattering provides a new and sensitive tool to search for the
explored in[2—5]. The work of Lipatov and his collaborators odderon at small. The reason for this is that the asymptotic
[6] on the Pomeron in QCD strongly suggests that the oddphase of the scattering amplitude is closely tied to e
eron exists on equal footing with the Pomefdh The QCD  =(—1)” of the exchanged system; thus, in leading order, if
Pomeron is generated by the exchange of two Reggeizeéieé Pomeron and odderon have the same asymptotic behav-
gluons in aC=1, colorless state while the odderon is gen-ior, up to logarithms, then they are out of phase by PIB].
erated by three Reggeized gluons inCa= —1, colorless This phase condition is well established and can be arrived at
state. The QCD calculations yield a Pomeron intercepin several ways; the most direct is to note that a Regge sin-
slightly above 1 and an odderon slightly below 1. We knowgularity atJ= «(t) in a positive signature amplitude has the
from unitarity that ultimately the Pomeron intercept will lie behavior[s*®)+ (—s)*®]/sinma(t) while for negative sig-

at (or below 1 in order to satisfy the Froissart bound; we do nature it is[s*®) — (—s)*®]/sinma(t); these are each to be
not know quantitatively what such effects will do to the od- multiplied by functions ot which real analyticity requires to
deron.(We do know that it cannot ultimately liabovethe  be real in thes-channel physical region. Spin dependent
Pomeron in order for both thep andpp total cross sections aSymmetries depend on various real and imaginary parts of
to be positive. In the following we shall simply assume that Products of amplitudes and so the odderon can dominate
both singularities are very close to 1. At BNL Relativistic SOMe asymmetries to which the Pomeron cannot contribute.

Heavy lon Collider(RHIC) energies the effective intercepts 1he objective of this Brief Report is to point out some asym-
may even be slightly above 1. metries which might be especially sensitive to the presence
The most clear-cut implication of the existence of the od-°f the odderon. , ,
deron is that it would lead to asymptotically different ampli-  1"€ most promising asymmetry for this purpose is the
tudes for the scattering of a particle and its anti-particle offdouble transverse-spin asymme#yy which will be mea-
the same target. This means that the total cross sections afiiéd in the new RHIC spin prograf6,17:
the differential cross sections for, sgyp and pp scattering q 4
. . S o 4
at high energy ywll remalh 'dlfferent ags, the total center-of Aun—e = —12| 5|2+ Re( &% ho— &% b)) 1)
mass energy, increases; in the absence of an odderon they dt g2
would become the same, roughly as/4/ Unfortunately, a
As shown by the methods if18], the shape of the smail-
dependence of this quantity determines separately the real
*Permanent address: Birkbeck College, University of London,and imaginary parts of the double-helicity figp amplitude
U.K. ¢,. ¢, and ¢ are the two non-flip amplitudes angl de-
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framework for discussing the corrections required by these

0.06 i _ _
o 05 equal mixture pieces, we follow[18] and write, fort—0,
’ pure pomeron
Ay 004 t do Tiot
0.03 o NG~ @anntg bt 2
0.02
0.01 which separates the Coulomb enhanced piece agte and
pure odderon  the purely strong piece intioy, . We disregardbs because it

. 2 . .
0,005 0.01 0.015 0,02 0.025 0.03 "t GeV does not enter our consideration and we assumedihatan

FIG. 1. This illustrates the enhancement of the odderon contri-be neglected as mentioned earlier. Then the expressions for

bution to Ayy due to interference with the one-photon exchange.“NN andbyy are

The three curves correspond ,/¢ . =0.05i (pure odderop Re( b,)
¢,1¢,.=0.05 (pure Pomeron and ¢,/¢,=0.05(1+i) (equal NN:—Z
mixture). The “pure odderon” curve is typical of the level of sen- 2Im(é+)
sitivity expected for the RHIG p2pp experimen{17].

()

and
notes the single-flip amplitude ¢, denotes the double-flip
amplitude which vanishes by angular momentum conserva- b= Im( ) 4
tion ast—0. It will be disregarded hereThe notatione.. NNTP AN S Im(¢.)’ @
=(¢1* p3)/2 is frequently used. Because of the interference
between the one-photon exchange and the strong, QCD ammhere
plitude, Ayndo/dt has a pole at=0. The coefficient of this
pole is proportional tax Re(¢,). As t—0 after the pole is
extracted the remainder is proportional tpRe(¢,)
+1m(¢,). (This formula assumes only that the two non-flip
forward amp”tudegj,l and ¢)3 are equaL The quantum num- For this discussion we will consider epr|C|tIy onIy the
bers of both the Pomeron and the odderon are such that th#®minant Pomeron and the odderon. We will allow the two
is so, though lower lying trajectories such as thecould contributions to have slightly different energy dependences
contribute to their difference but should be quite negligible atout will assume that the energy dependences of the contribu-
RHIC energieg18].) Because of the singularity, these termstions to ¢; and ¢, are the same so that the phases of the
are of comparable size fdt| between 10% and 10°2. The = Pomeron piece and of the odderon piece are the same in both

part coming from the Coulomb enhancement, proportional t&mplitudes. This may not be exactly true and may need to be

a Re(¢,), gives a characteristic peak #wy neart=—3 corrected for, but it should not change things in an important

X 103, while the purely strong interference betwegpand ~ Way. . _ .

¢, is virtually constant in the smalt| region. This is com- So we will write the amplitudegb, = (&1 + ¢3)/2,

pletely analogous to the so-called CNI peakAg which

arises from the interference of the one-photon exchange con-

tribution to ¢5 with the imaginary part of¢, . Since the

odderon contribution is nearly real—exactly real if it is a

simple pole atl=1—it will be enhanced by the CNI effect. | , .
This effect is illustrated in Fig. 1 where curves fAgy with dp~ o+ /2. The A’s are real functions ob. Then

are given for three cases. The case in pdifgure odd- from Egs.(3)~(5),

eron”) shows the peak resulting from a 5% odderon contri- so

bution; precisely,p,=0.05i ¢,. This magnitude is chosen A;’ 0055P+A§) cos&oz—mtaNN (7)

because it gives a value féy which is roughly at the limit 4m

of the early RHIC experimentfl7]. For comparison, we d

show a “pure Pomeron” of the same magnitude but 90° out™"

of phasei¢,=0.05¢,. The shape is quite distinct. Finally an STt

“equal mixture” ¢,=(0.05i +0.05) ¢, is shown.(In all of AY sin6p+ A9 sin 5O=4—(bNN—p ann)- (8

these case#, is taken to have a value of 0.13) Evidently, ™

the odderon should be detectable if it is this large. Since w

do not know how large the odderon double-helicity flip cou—izNe also have

pling is, or if it exists at all, we cannot predict how large this

effect will be. This illustrates how small a coupling we can p=

hope to learn about in the not-too-distant future. A" sinsp+ A9 sin 8,
Because the Pomeron is certainly not a simple polé at

=1[11,20, the Pomeron will contribute a small piece to the since the magnitude of the non-flip odderon amplitude is less

real part to the amplitude,. Correspondingly the odderon than a few percent of the Pomerh0,11 and in addition

will contribute a small piece to the imaginary part. To have aone expects that sify~p so the neglected term is tiny.

2|m(¢+):%0tot- 5

¢, =A% e+ A0 g%

b,=AF €P+AF e, (6)

AP cossp+ A cosd, A9 cossg
= ~Cotdp+ ———,
Al sin g,
+ P

C)
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Note that the cross-section difference for parallel and anti- 1( AP
parallel transverse spins is given by bNN=§ —E, . (14

AL
8 8m o . o
or=——Im(¢y)=——(A; sindp+ A3 sin5y) i ) ) ) L
S S This last gives us directly an experimental determination of
(100 the double-flip amplitude for Pomeron exchange and is in-

) N . ) . sensitive to the odderon. Next, in this approximation
and so contains no additional information. However, it can

be used as a consistency check on the measuremeqfyof o o
andbyy since, from Eq(8), STt N > A
A (ANNTP bNN):AoCOS5O(_O_—P)- (15
o1 + +
paNN_bNN:T- (13)
ot The odderon enters here in several ways; the most notable

With knowledge of the energy dependence of thething is that if the spin structure of the Pomeron and the

Pomeron and the odderon, either from theory, a model ofdderon are the same,
data, one can separately determine the phases; thus if they

are simple poles behaving a4 [20] ands“o, respectively, AO AP
their phases will be constants given by &y sin(r ap/2) _é: —i, (16)
and sindo=cos(r a/2). Alternatively, in the asymptotic re- AT AL

gion where a description in terms of the Froissaron and the

maximal odderon[z,_lg] is valid, then CO‘BP:”/IOQS. and then the term involving the odderon directly drops out and
tamSQ:w/Iogs. Obviously, more complex be.havllors ar€ s5ne learns the spin structure of the odderon coupling but
possible; so, e.g., one must correct for contributions fro"hothing about the magnitude beyond that containegh.in
lower lying trajectories. The important point_ is that, b_ecausqvlodel calculations by Ryskifi4] suggest that this may be
the FJ’omeron and the. odderpn hav<_a different Slgnaturﬁearly so. Clearly, this measurement will be most interesting
(—=1)", one can determine their magnitudes frgp data i ¢ spin dependence of the odderon coupling is very dif-

without needing to usep data. Explicitly ferent from that of the Pomeron, in particular if its flip to
non-flip ratio is large, as it is for some ordinary Regge poles.
STt One should note, of course, that the RHb® program

AZ sin(8p— 80) =

{(1+ pcotsp) ayn— COtdp by}

A will give data forp in an energy range which overlaps exist-

(120 ing pp data and one can use

Then, if the odderon phas@r energy dependencés as-

sumed to be known, this equation fixag and, via Eq.(7), e —

determines the Pomeron double-flip amplituifg. A—P~[p(pp)—p(pp)]/2 17
Even without knowledge of the phases it may be possible "

to identify effects of the odderon through the spin depen-

dence. Thus from Eqg7) and (8) one sees that, in the ab- to determineA? in a model-independent way. With this in

O

sence of any odderon couplings, hand Eq.(14) and Eq.(15) or (16) will yield the remaining
amplitudesA} andAS .
ayn=p bun/(1+p2)=p byn. (13 We close with a couple of related observatio(ls: The

pp single-spin asymmetry has the well-known Coulomb

If this equality is not true, then one can conclude that theenhanced peak, the height of which depends on the imagi-
odderon is present iAyy (though the converse is not true nary part of the amplitudes; for |t| greater than about 16
and can attempt to extract more specific information fromthe purely strong interference will dominate if there is a sig-
Egs. (7) and (8). Evidently, one cannot extract in a model- nificant phase difference betweefy and ¢, [18]. If both
independent way the two odderon amplitudes and themplitudes have the same asymptotic behavior, they will be
Pomeron double-flip amplitude from this limited number of in phase unless the odderon couples to one or the other, and
measurements. However, rather plausible assumptions mayp a measurement éfy above the CNI peak which does not
enable one to learn something interesting here. decrease rapidly with energy is another signal for odderon

For example, it seems reasonable to suppose that the odeupling. See howevel4]. (2) A very similar discussion
deron intercept is close enough to 1 thsindy| is of the  could be carried through for the double longitudinal spin
order of or less thap, as we have already done. If, in addi- asymmetryA, ;| with ¢_ replacing ¢,. Since the odderon
tion, we assume that the odderon amplitudes are both, ihas the wrong quantum numbers to couple to this
magnitude, less than about 10% of the Pomeron amplitudesamplitude—it requires € 1)’=—C—a non-zero value as-
then to lowest order in these small quantities we can leargmptotically for a;, , which is proportional to Ref_),
that, to a very good approximation, would be a strong indication for yet another Regge singular-
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ity nearJ=1. This is not subject to corrections coming from  E.L. is grateful to the Foundation for Fundamental Re-
the Pomeron since it cannot coupleda at all. We are not  search on MattefFOM) and the Dutch Organization for Sci-
aware of any theoretical argument for such a singularityentific ResearcHNWO) for support. This manuscript has
thus, the observation of such an asymmetry would be exbeen authored under contract number DE-AC02-98CH10886
tremely interesting. with the U.S. Department of Energy.
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