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ABSTRACT

We first show, both on general and phenomenological grounds, why the most

suitable parameter for exploring Odderon effects in the present energy range is the

p-parameter (the ratio of the real over the imaginary part of the forward hadron am-

plitude). We perform an almost model-independent analysis of the experimental data

by taking into account the analyticity constraints and the assumption of max'maMty.

Using the maximal Odderon approach as a guide, we establish the following very con-

strained bound at y/s = 546 GeV : pppt 0.23. Our bound leads to the conclusion that

an experimental UA4/2 value centred around 0.20, say 0.20± 0.02, will constitute a

strong and unambiguous signal of Odderon effects and will indicate that at high energy
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One of the fundamental issues in strong interactions is the equality vs the inequal-

ity of hadron-hadron and hadron-antihadron cross-sections at ultra-high energies. With

the advent of TeV accelerators this problem can now be experimentally explored.

Several years ago much excitement was produced by the measurement, by the

UA4 collaboration [1], of a high value of the p-parameter (the ratio of the real over

the imaginary part of the forward amplitude) at the CERN SppS collider. This result

seemed to be a typical inequality (Odderon) effect [2]. However, for technical reasons,

the UA4/1 experiment could not go deep inside the Coulomb region, as it would be

desired. A new high-precision UA4/2 experiment was planned [3]. In fact data taking

was completed by the end of 1991 and the results will soon be known. One of our aims

in the present paper is to perform an almost model-independent analysis of the existing

data in order to establish, before the determination of the UA4 result, the range of the

expected theoretical values of ppp at \/s = 546 GeV. Therefore in the following we will

take t = 0 and we will consider only s-dependent quantities.

Let us first shortly explain why the p-parameter is the most suitable parameter

for exploring the inequality (Odderon) effects, given that unfortunately we do not have

both pp and pp colliders at the same energy in the TeV range.

In some of the observables of elastic and diffractive scattering the Odderon effects

are, in fact, hidden. A typical example is the total cross-section ax- The difference Aa

of the pp and pp total cross-sections, which is a direct measure of the Odderon effects,

is much smaller than the total cross-sections themselves:

Aa = aT
p{s) - a^(s) « oT(s) (1)

at low and intermediate energies and in particular at the highest available ISR energies.

By continuity ACT is expected to be small in the TeV range. Hence there is no hope to

detect the Odderon just by measuring o^ at CERN-collider or Tcvatron energies.

In contrast, the inequality (Odderon) effects arc magnified in p. One can under-

stand this property in several ways. Let us first define

Fpp(s) = F+(S) + F_(s), Fp71(S) = F+[S) - F_(s), (2)

where F±(s) arc the even(odd)-undcr-crossing amplitudes.



For example, if F± have the maximal behaviour allowed by asymptotic theorems

[4], one gets
ReF- .
——- oc In s — » o o (3)
ReF+ s-> oo

and therefore in
_ ReF+{s) ± ReF-(S)

WImF+ ( s ) ± ImF_ ( 5 ) W

the Odderon effects are magnified. The relation (3) has to be contrasted with the

corresponding relation

ImF+ Ins s-»oo

leading to a situation similar to eq. (1).

It might be thought, of course, that the above argument on the importance of

p, though a deep one, is valid only at asymptotic energies and for a specific class of

s-behaviours. In fact, the argument is much more general. It is based on the very

definition of p (eq. (4)). For the existence of zeros of p at lower energies implies, again

by continuity, that

\ReF-\ -ReF+ (6)

while, in agreement with cq. (1),

(7)

Therefore, at least in this range of energies (CERN-collider and Tevatron) the p-

paramcter is truely an indicator of inequality (Odderon) effects.

For simplicity, let us make in the following the usual smoothness assumption con-

cerning the scattering amplitudes, i.e. we will ignore for the moment exotic thresholds.

In the absence of the Odderon, the general prediction for ppp, as given by various models

and dispersion relations evaluations tinder the assumption F_ ~ O at high energies, is

well known [5]

Ppp{\/s = 546 GcV) ^p+= 0.13 ± 0.02, (8)

where

P+(S) = ReF+(S)ZImF+(S). (9)
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The value (8) has to be confronted with the high value predicted by the maximal

Odderon approach (last papers of ref. 2) based upon a detailed fit of a huge number of

experimental forward and non-forward data for 5 < yfs < 1800 GeV:

pPp{J~s = 546 GeV) ~ 0.2, (10)

in agreement with the previous UA4/1 data [I]. The fit of the p data is shown in fig. 1.

It can be seen that the maximal Odderon curve for p nicely and smoothly interpolates

both the UA4/1 and the recent E710 data [6].

The problem is to study how stable and how constrained is the predicted value

(10). Is the value (10) dependent on the details of the fits? What is the role and

the importance of the additional F- free parameters? Can one get relevant theoretical

bounds on p? In order to answer these questions we do not perform here any kind of fits.

We choose instead the maximal Odderon approach as a guide by using an extremely

limited and structural experimental information. It has to be noticed that the maximal

Odderon approach relies heavily on the analyticity and crossing symmetry constraints

together with the general assumption of maximality. It is therefore not surprising that

some of the results presented in the following can also be obtained by using dispersion

relations or the useful local derivative relations [7] and this reinforces the fact that our

results are almost model independent. One should bear in mind that local derivative

relations are local and they should not be used to extrapolate too far away from the

energy at which they are applied. The maximal Odderon approach has the advantage

to propose a simple and general analytical form which allows for an interpolation over

any energy range.

At the energies higher than ISR energies where the non-leading Rcgge terms have

necessarily a negligible contribution, the significant amplitudes have the following form:

^±W = iZ+ + iC+(ln± - ^ ) 2 , (11)
S S+ Z

^ = -S_-C_(lnf-i|)2, (12)

where s± are scale factors.



Hence

Ppp(s) = p+(S) - -J—[*_(*- ) - C- In2 - ^ ] 1 (13)
CT*p ySj S —

where R-(s) = ReF-(s)/s and where the only approximation is the use of relation (7)

in order to get the first term of the R.H.S. The problem is now to deduce a bound on

Ppp from bounds on C-, R-(s-) and p+(s).

p+(s) is given at y/s = 546 GeV by Eq. (8).

The bound on C- is got from the physical constraint that, at low energies, the

standard Regge picture is highly successful, implying that the Odderon contribution to

ACT must be smaller than the experimental values of ACT:

1 (Ao(s))odd 1 (Aa(s))exp
G - = — , . r— < —- . . T - . (14)

£èl\ HlV o / O I £*l\ HlK O/ o J

The Odderon contribution to ACT vanishes at s = s_. The experimental ACT is practically

zero at the highest ISR energy, where the Regge contributions are themselves already

very small. Therefore the value of s_ must be near the highest ISR energy and we will

take in the following y/sZ — 70 GeV. The content of relation (14) is shown in fig. 2,

by considering the experimental ACT in the low-energy range 5$ y/s<30 GeV. We can

read from fig. 2 the following upper bound on C-:

C-i 0.15 mb. (15)

A bound on R-(s-) can be obtained by using the relation

R-(s-) = R-(T) +C-\n2—, (16)
S —

where T < s_.

R-(T) can be extracted at ? = 52.8 GeV [8] where an amplitude analysis can be per-

formed, i.e. where p and or arc measured for both pp and pp scattering. The result is

R-(T) = —0.67± 0.56 mb and therefore from (15) and (16) one deduces the following

lower bound on R-(s-):

R-(s-)l -1.17 mb. (17)



Finally, from (8), (13), (15) and (17) and by considering the experimental value

of ax [1] one gets the following upper bound on p™:

p™(J~s = 546 GeV) < 0.23. (18)

This result is impressive. It shows that the Odderon approach has clearly very

little freedom. Naively speaking one might think that the addition of the 3 Odderon

free parameters £_, C-, s_ (see eq. 12) could easily fit the additional ppp point (at

V î = 546 GeV). It is seen that this is not the case: very high values of ppp (say

Ppp 10.25) are extremely difficult to be obtained in the maximal Odderon approach.

This result is a direct consequence of the structure of the ACT data together with the

analyticity constraint. Therefore the only way to get very high ppp values is to give

up the strong constraints imposed by the low-energy data, for example by putting a

smooth quasi-threshold in F-. However the physical content of such a quasi-threshold

would have to be understood.

It is important to distinguish between the contribution of a simple Regge Odderon-

pole (a pure constant in R-(s)) and that of a double-pole at t — 0 (the maximal

Odderon). The presence of an Odderon-pole leads to a very small increase of (Pp as

compared with eq. (8). The maximal value at y/s = 546 GeV is:

pfv{s)\Odd Poie = max \p+(s) - ^ ^ ] = 0.17. (19)
L a™(S) J

Therefore a Rvalue bigger than 0.17 will be a strong evidence in favour of the maximal

Odderon.

The above considerations give a clean physical measure of what could be considered

as a "big" or a "small" effect of new physics, as checked by the p-parameter. A p-value

centred around, say, 0.2 would mean a big effect, while a p-valuc centred around, say,

0.16 would mean a small and ambiguous effect.

Interesting information concerning ACT can be also extracted. For example, by

using the following relation valid in the maximal Odderon case:



where so is an arbitrary high-energy point (so>Sisn), both the sign and the value

of Aa can be deduced from the high-energy evaluations of R-(s). For example, by

taking so — S- = 70 GcV2 and by inserting the value R-(s-) — -0.58 ± 0.59 mb and

R-(suA4) — -5.4 ± 1.44 mb, one gets

ACT ~ - 6 ± 3 mb, at V^ = 546 CeK (21)

An alternative way to obtain information on ACT is to directly use the bound (15)

on C_, leading to a lower bound for ACT:

AaI- 2nd- In -f-, where C- = 0.15 mb. (22)

Hence, one obtains the following lower bounds for Aa : —3.9 mb at v ^ — 546 CeV,

-6.1 at y/s = 1.8 TeV, -11.4 mb at y/s = 30 TeV.

The intriguing fact is, of course, the negative sign of ACT near these lower bounds.

This negative sign is in fact the inescapable and general consequence [2,9] of a high p-

valuc via the phase relationship between the real and imaginary parts of the amplitude

(if one excludes the case of exotic thresholds).

Concerning the values themselves of ACT one has to note that, of course, much

bigger negative values of ACT (e.g. ACT ~ -20 mb at LHC energies [9] or ACT ~ -10 mb

at y/s = 546 GeV [10]) than those indicated by our lower bounds can be obtained if one

ignores the low-energy constraints (leading, in our case, to a bound on C-). However, as

we already said, this possibility is unaesthctic from a physical point of view. Moreover,

the numerical values so obtained are affected by big errors.

One can ask what is the impact of the recent E710 p-data at y/s = 1.8 TeV [6] on

the above conclusions. In fact, these data lie in the range (0.07-0.21) and are therefore

compatible with both low and high values of p. The compatibility between the maximal

Odderon predictions [2] and the E710 data can be seen both in fig. 1 and, in a more

detailed way, in fig. 3. Nothing definite can be concluded. Clearly a high-precision

E710/2 experiment is badly needed. Such a proposal already exists [H]. We would like

now to underline the high interest of such an experiment, by performing for the E710

results the same analysis (i.e. almost model independent) as for the expected UA4/2

results.



Let us denote (p+)max the maximal value of p+(s) as defined by eq. (9). One can

easily establish the following simple formula:

(23)

where ((Tr)mm — 40 mb is evaluated from the experimental minimum of a-r in pp or pp

data. Therefore an upper bound on C+ will correspond to an upper bound on (p+)mai-

The bound on C+ is given by

C+~&n In (»

where Si, S2 are two arbitrary high energies, Spp(spP) denotes the s-value corresponding

to the experimental minimum in a^pp', and 612 denotes the increment of aÇ between

si and S2-

By taking ,/37 = 62.3 GeV and ^ = 546 GeV, one gets from (24)

C+ < (0.404 ± 0.06) mb (25)

and therefore

(p+)™, S 0.16 ±0.01. (26)

One can also evaluate yjsmax ~ 2.5 TeV, where s m a i denotes the s-value where p+

goes through its maximum. One can note that smax lies practically in the Tevatron

energy range.

The result (26) is also impressive. It shows first that p+(s) is a very slowly varying

function in the TeV energy range, in agreement with the indications of existing models

(with or without Oddcron). The flatness of p+ makes the situation at the Tevatron

similar to that at the SppS collider: a high value of ppp (say Z 0.2) will be a clean

signature of a difference between pp and pp scattering, while a value compatible with

the bound (26) would mean their equality. Therefore a new high-precision E710/2

experiment on p would be highly instructive. It would allow to distinguish between the

two theoretical approaches which are in agreement with both UA4 and E710 present

data: the maximal Oddcron approach [2] and the exotic threshold (sextet quark) one

[12]. These two approaches are radically different, both in their physical content and in

their predictions, but they both involve new physics.
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Of course, nothing can replace, from the point of view of the problem we are

discussing here, a simultaneous measurement of p and o? in both pp and pp scattering

at the same ultrahigh energy. Predictions for the difference

Ap(s) = ppp(s) - ppp{s) (27)

in the TcV energy range can be read off from fig. 1.

In conclusion, an experimental UA4/2 value centred around 0.2 (say 0.2 ± 0.02)

will constitute a strong and unambiguous signal of Odderon effects and will indicate

that, at these energies, Oy.p > o^. Such a result will also give a deep insight into the

gluonic content (with C — - ) of hadron interact ion: QCD and Odderon effects are closely

interlinked [13]. However, the crucial test of the striking inequality of hadron-hadron

and hadron-antihadron interactions at high energy would follow from the adoption of

both pp and pp options at LHC [14] and/or SSC.

The authors wish to thank Profs. E. Leader and L. Lukaszuk for useful comments.
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FIGURE CAPTIONS

Fig. 1 Description of p = ReF[S, t = 0)/ImF(s, t = 0) (last paper of ref. [2]).

Fig. 2 The upper bound on the parameter C- extracted from the experimental

data (see text).

Fig. 3 Prediction of p?p at y/s = 1.8 TeV (dashed line - last paper of ref. [2]) as

compared with the four experimental E710 data sets [6].
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