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Abstract 

The I5R results on the differential en .-sections for pp 
and pp show unambiguously that the crossing-odd mplitude is still 
important at very high energies. Comparison of 1SR and CERN collider 
pp data suggests that the crossing-odd amplitude s growing maxi
mally fast v%ith energy. *e expJore the phenomenological consequences 
of such a "maximal odderon11 behaviour at leV energies. 

v 



1. Introduction 

Modern historians and philosophers of science claim that there 
Is a large subjective element in scientific discoveries. Some support for 
this surprising viewpoint may be found in the treatment of the CERN 1SR. 
It was a revolutionary machine and during its lifetime it made revolutionary 
discoveries which, somehow, failed to make a sufficient impression. Now 
it is dead, and bizarre as it may sound, it continues posthumously to 
make revolutionary discoveries. My talk and the study it represents are 
largely inspired by these "new" 1SR results. 

I shall discuss elastic scattering in the diffractive region. 
Do not forget that more than 90 % of all events are of this type. Most 
physicists dp_ forget this, largely because it is a region where perturbative 
QCD is not valid, so there are no quick and easy QCD predictions. Indeed, 
if 1 hardly mention QCD, do not he dismayed. Because we know so little 
about non-perturbative QCD it is not. at present, the appropriate language 
for these phenomena T but ultimately it will have to account for them. 

?. History 

If, in 1966, you had asked 1000 plu si ci sts ho* total cross-
sections behave as s •* °°, 999 would have claimed that 

o.. -* const ( 1 ) 

Mi\ this remarkable certainty ? 
i) Because experiment seemed to support it. a,, as a function of 

s, for many reactions, seemed to be "flattening out". 
ii) Because of intuition. If a particle is like a Lorent?-contracted 

disk of radius R then for maximum opacity it is "black" and «e expect 

° T - *K <?> 
Later, with the deeper understanding afforded by Regge theory, 

we learned ho» to get a constant o T from an expanding radius R : R Jtns 
compensated for by a decreasing opacity. 

If, in that period, you had asked 1000 physicists how total 
cross-sect ion differences, between particle-particle and particle-antipar
ticle, behave, 998 would have Insisted that 

A o = aAB " °AB - ° a s S * ~ ' ( 3 ) 

Why this unanimity ? 
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i) Again, because experiment seemed to be indicating a decrease with 
energy. 

li ) Because the Pomeranchuk "theorem" claimed to prove that Ao •* 0. 
(In fact the "theorem" depends upon an assumption that no longer seems 
physically reasonable.) 

iii) Because Regge theory attributes the control of Ao to odd-signature 
poles like p, u),... all of which give Ao a behaviour like s" . 

Let me remind you that we usually break the pp amplitude into an 
"even" and on "odd" under crossing piece : 

(<0 r 
pp = F

+ * F . 
Then for pp we ha\e 

r-
PP 

= F_ - r 

The behaviour o,-*const, A a -* 0 is then, via the optical theorem, 
tantamount to 

l F - I 
Tj—r •* 0 as s •* « (6) 

It is for this historical reason that almost all models of high 
energy scattering simply ignore F altogether. 

3. The first great ISR discovery 

This comfortable situation was shattered in 1973 with the disco
very that a «as growing like I n ?s. There followed a major theoretical 
upheaval, with many new results, which we shall briefly describe : 

i) ]f o - £n's then, via the optical theorem, PP 
lm F (s.trO) - s Jtn's (7) 

PP 
This was shown to be the maximal asymptotic growth permitted under ver> general 

condit ions - Moreover lm F cannot grow at t h i s ra te , so we conclude that 

lmF + (s, t=0) ~ s Sin's (6) 

Such a behaviour corresponds to a black disk whose radius is 

ii) The old Pomeranchuk "theorem" no longer holds but it is replaced 
by a more general and rigorous result 

—-==S- - 1 as s - » (9) 
°AB 



Recall that this does not imply Ao -*•<), as can be seen by a trivial example. 
Suppose 

o; B = a Hn's •• B i o A B = a £n !s * y (6 fy) (10) 

Then (9) holds, but La = t - i i 0. 

I l l ) Inside the d i f f r a c t i o n peak 

..„ * B / H~ A B 

misquoted theorems in the literature. Beware that (11) only holds jnside 
the diffraction peak, a region which, as we shall see, is shrinking as 
s -+ m . 

iv) It is not possible to write 

lmF^(s,t) = Im)Ms,0)f(t) . (12) 
i) ) However, Auberson, Kinoshita and Martin show that, at asymptotic energies, 

one can put 

ImMs.t) = lmF + (s,0)f(T ) (13) 

where 

T = (-t) £n*s (1*0 
Note that this immediately implies that the width of the diffrac

tion peak is 

r - ^ ^ (15) 
Jin's 

v) for the crossing-even amplitude F , the maximal behaviour (6) corres
ponds to 

F (s,t=0) ^ s [ i W s 4 TT 5. ns] . (16) 

For F_ the maximal permitted growth corresponds to having 

F_(s,t=0) ~ s [ i Ti i ns - Jin's] (17) 

Note the reversal of the roles of real and imaginary parts. 
Lukaszuk and Nicolescu suggested that perhaps also F grows at 

the maximal rate. Then 

ImF (s,t=0) - s Uns (18) 
and by the optical theorem 



ào Ins (1?) 

grotts with energy. 

(The behaviour (16) Is often referred to as "Froissaron". The analogous 

behaviour (17) for F is termed "maximal odderon".) 

Early studies to seek evidence for odderon behaviour in F were 

inconclusive. 

b. The new great ISR discovery 

Standard models of diffraction scattering predict 

A PP H PP 
£?- = §£- at ISR energies <?0) 
at dt 3 

since they neglect F compared with F . 

In 1955 experiments R<J206' and R6067' showed a significant diffe

rence between the pp and pp di f ferential cross-sections at /s = 5 • GeV 

(rig.1). 

They indicate unambiguously 

that some dynamical effect is sur

viving in F_. 

The intriguing question is : 

Is it the maximal odderon growth ? 

5. The CERN collider data 

Data on pp at /s = 5*46 GeV 

confirm that the diffraction region 

is shrinking, that o- is gro

wing like £n's, that the slope 

(averaged over 0.03 S I t | < 

0,15 GeV*) has increased to 

15.2 GeV"!. 

They also confirm the absen-
9) 

ce of a diffraction dip , as 

9t the ISR. 

But what is totally surpri

sing, they show a shoulder an 

order of magnitude larger than 

at the ISR. The UA*t collider 

da/d .-nt/B*/)* 

«» 
•o \ Jl:li G*V 

V ... pp(RPf 6) 

„.2 pp{Re!.1Ql 

* • » 
1 

-
• ;yv 

TN-. 
V* 

-..I. 
!'"•-

riq.1 Difference between the pp and pp 
differential cross-sections at /s = 53 
GeV. 
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Fiq.2 [)\k pp collider data compared nvith 
the 15R pp data-

data ) is compared with the ISR 

data 1 0 1 in Fig.2. 

The growth of the shoulder 

suggests that the mechanism in 

F̂  could correspond to maximal 

growth. 

6. A new picture of high energy 

diffraction 

We now hypothesize that 

the strong interactions are as 

strong as they can be, in the 

sense that the functional growth 

of both F and F is at the 

maximal permitted rate i-e. 

according to Eqs,(16) and (17) 

respectively. 

In order to study this pic

ture we construct the simplest 

possible amplitudes having this 
11) 

behaviour . It turns out to be 

easiest to begin by specifying 

the singularity structure in the complex 3-plane. For the t-channel partial 

wave amplitudes corresponding to the maximal pieces of F+ we take (R + 

are constants) : 

f O.t) 
6 O.t) 

,3/2 
[ ( 3 - D ' - 1 R * r 

which becomes a triple pole at t = 0 (the "Froissaron"), and 

8 O.t) 
f_O tt) = = 

O-U'-tR* 

(21) 

(22) 

which becomes a double pole at t = 0 (the "maximal odderon"). 

Assuming smooth behaviour of the residues we obtain F + (s,t) via 

the 5ommerfeld-Watson transform. To these we add standard Repqe terms since 

we wish to confront all high energy data, which for us means data at /s»1 GeV. 
11 ) 

The details will not be given here. Suffice to say that we succeed in 

achieving a good fit to all pp and pp data ( o T , ReF(s,t=0)/ ImF(s,t=0) ,do7dt), 
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in the range 7.6$ /si 5̂ 6 GeV and |t|< 2.5 CeV. Here I shall discuss 
only the region from 1SR upwards. 

Figs. 3 and fr show our fit to the ISR and collider data respec
tively. The X* P e r point is a respectable 2.7, and all the features of the 

Fiq.3 Comparison between our results Fip.fr Comparison between our results 
(Bef.n) and the ISR data. (Ref.11) and the UAfr data. 

data are successfully reproduced. In Tig.;> we show the amplitudes at collider 
energies to illustrate hov. in the shoulder region it is F that dominates 
and is responsible for the growth. 

7. Conclusions from the ISR and CERM collider data 

i) The difference between -r~- for pp and pp at the ISR unambiguously 
implies a surviving mechanism in F . 

ii) The rapid growth of the shoulder in pp from ISR to collider suggests 
that this mechanism in F is linked to maximal growth. 

We consider this the first concrete evidence for the odderon. 

http://Fip.fr
http://Ref.11
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Fig.5 The behaviour of the real and imaginary 
parts of f and F (all divided by s). 

8. Tests for the G LN picture 

The novelty of our interpretation implies unexpected and testable 

features at very high energies. 

i Ï In the diffraction region, J t I ^ -•-• ; — , as expected. Hn's 

o_PP / 
1 I 

pp (23) 

However, beyond the d ip F dominates, so F -* - F- and again, fo r a 
- PP PP 

quite unexpected reason, 

do_pP / dp_ p p 

dt / dt 

An analogous feature appears in the works of Refs.12 and 13. 

ii) In between there is an increasing number of oscillations in 
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do pP do p p 

•̂ £~" - ^ — as shown in Figs.6 and 7. 

dfl/dl,mb/(0*V)2 

t > 3 

doAN mbAG*V)! 

1 0 ! 

10 

1 

^= !S 

pp 

pp 

v' 

w 3 

» • < 

1 Ï 5 — 1 * , 

C2 06 10 T 1B 22 2t 30 

Fiq.6 Our predictions (Ref.11) for 
the pp and pp differential cross-
sections at /s~ = 1.5 TeV. 

rlq- 7 Illustration of the increasing 
number of oscillations in (do/dt)PP-
(do /dt)PP in the TeV region. 

iii) The ratio o ej/ o T which originally seemed constant with energy 

but which grows between ISR and collider will continue to grow very slowly 

and then eventually tends to 0.21, as shown in Fig.8. 

iv) The total cross-section difference Ac does not tend to zero. 

It has a minimum in the region /s = 100-200 CeV and then rises slowly 

like ins (see Fig.9). 

v) An unusual and characteristic behaviour is that of 

Re F(s,t=0) 
P = 1m Hs,t=0) (2M 

p does NOT tend to zero as s+» . Moreover since ImFJ5,t=<» »ImF <s,t=0) and 

ReF_(s,t=0) »HeF^(s,t=0) we get 

ImFpp(s,t=0) - ImF-p(s,t-0) 

ReFpp(s,t=0) - -ReF-p(s,t=0) 

<2M 

(26) 

http://Ref.11
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Fiq.6 Our prediction (Ref.lî) for the ratio 

Fig.9 Illustration of the slow increase of Ao at super-high 
energies (Ref.11). 

(27) 

In fact with our fit p -+0.08 at « . if vee define asymptopia as the 
region where Lq.(28) more or less holds, then we discover that it is 



incredibly far off as can be seen from the table beluw and from Fig.10. 

9 R* F(i. i :0) 

frn F { V : 0 ) 

PP 

PP 

9 R* F(i. i :0) 

frn F { V : 0 ) 

PP 

PP 

/ 
5P5 
1 , 

' """ 

10 & ' 103 
A , GpV 

Fig.10 The extreme remoteness of asymptopia illustrated 
by the behaviour of p (Ref.11}. 

Table 1 - Predictions for p at super-high energies 

/ s . leV 0.546 2 <»0 10 6 „ 

P PP 
0.13 0.12 0.06 0.05 - 0.08 

P P P 
0.19 0.21 0.21 0.19 0.06 

9. Sunnary 

i) The ISR results unambiguously show that something odd and interesting 

is happening in the crossing-odd amplitude F . 

ii * The collider results support the idea of the maximal odderon i.e. 

that F Is growing maximally. 

iiiï True asymptotia 's very far away, but the desert, in t."us case, 

is fertile : 

a) The diffractive region remains full of interest and ajle 

http://Ref.11%7d


12 

to test the novel ideas in the GLN picture. 
b) A collider with both pp and pp beams could make the desert 

bloom ! Comparison of pp and pp is of great importance to an understanding 
of strong interaction dynamics. 
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