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1. On Regge poles and Regge cuts

Regge Theory:

Good phenomenological description of high en-
ergy particle physics.

Major challenge:
Based on assumptions: do they hold for the
fundamental microscopic theory: QCD?
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Basics:

Simple meson exchange violates unitarity.
Single exchange in t—channel with spin J.
At large s and fixed t:

A(s,t) ~ s

Optical theorem: oot ~ 5272
If exchanged spin J > 1 violates Froissart bound.
Multiplying the problem = solution:

Exchange of family of resonances — Reggeon
¢ —
A(s,t) ~ sa(t)

Preserve the Froissart bound if «(0) < 1.
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1. On Regge poles and Regge cuts

How does this work:

General properties of S-matrix:

a+b—>c+d

e Lorentz invariance:

s=(pa+1)° t= (pa—pc)?
Scattering amplitude = A (s,t)

e Unitarity: SST=581s = 1

1
Optical Theorem : oota) = —IMAgjastic (s,t = 0)
S

e Analyticity: Pl vowen
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1. On Regge poles and Regge cuts

Introduce t-channel complex angular momen-
tum [

e 1.7rl n
As, 1) N/ a Y DO p () 4 e
n==1

Even/odd-signature partial wave functions a(™ (1, 1),

Pole with largest real part dominates at high
energies ...
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1. On Regge poles and Regge cuts

In the limit s > |t| we have

)~ Tors (3

P(l,1+2§

and we can write

(47O e ma(®) o

A(s,t) —
(5,6) 2sinma(t) M (a(t))
a . Yac R C
Reggeon
b Md | d

When «(t) is a positive integer the amplitude
has a pole corresponding to a t-channel ex-
change of a resonance of spin a.

a(t) "“trajectories” are seen in experiments ...






1. On Regge poles and Regge cuts

From the optical theorem we can derive

Ototal ™~ s2(0)-1

‘The Pomeranchuk theorem states that if there
IS charge exchange o should decrease with s.

All known meson trajectories have a(0) < 1.

BUT experimentally we see that
there is a rise in pp and pp ototgl ---
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1. On Regge poles and Regge cuts

So the mechanism responsible for this rise must
be an exchange with the quantum numbers of
the vacuum.

Pomeron exchange.

Its trajectory populated by gluebalis?.
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1. On Regge poles and Regge cuts

Regge Cuts:

Other singularities appearing in the [—plane when
several Reggeons are exchanged.

They restore s—channel unitarity.

/
If n Pomerons with trajectory ap = 1 + apt
are exchanged the amplitude goes like

A(s,t) ~ s ale )n Ou(l-d)

In"—1s

/
with ac(t) = n (ap(0) — 1) + 1+ =Et.
At larger |t| the multipomeron exchange is more
important.
There is destructive interference between one
and two Pomeron exchange.
Two Pomeron cut gives negative contribution
to cross section: -

In s
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2. The AGK cutting rules

s—channel picture of one Reggeon:

The unitarity cut of a Regge pole diagram:
Signals in Final Stat_es:
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e Short Range correlations in rapidity. The cor-
relation function exponentially decreases with
rapidity difference:

- do do do
oNdyidys  o"dyy oNdys,
e Multiplicities:

~ e~ My1—y2)

(n) ~Ins

following a Poisson distribution.
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2. The AGK cutting rules

s—channel picture of two Reggeons:

The umtarlty cuts of two Regge pole dlagrams

' Ifi

Abramovsky, Gribov, Kanchely (1974): Rela-

tive contributions to the total cross section
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— PP PP PP
0a = —1otot, Ob = 40tcts 0c = —2040t

Utot < 0 two Pomeron contribution to otot.
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2. The AGK cutting rules

Where and how to use them?:

e HERA:
Saturation at low x and small Q27
Can we find a more direct evidence?
All models so far are too inclusive: &
‘sum over multiple exchanges”

5* :
Q— P ~ Z ':
" P
,Um\a\er“smnd \/“r’\M,Q.f(: onn Corre g GaY:

Main Goal; / giﬁ:\’;\ ,,Z;f)%« HERA

“Open’” these saturation models )
Investigate Final State properties (Monte Carlo
particle production) USe
thewe
Y
How?: LHC -

Use AGK for QCD ladders. ..
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2. Switching on colour

Investigate two ladder exchange in DIS:
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° Coupllng to Photon within pQCD
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e Transport results to the LHC: prediction for
multiple scattering.
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"AGK cutting rules in perturbative QCD”

conclusions:

e Use our knowledge of the AGK cutting rules
in QCD (the colour degree of freedom not
straightforward).

e More exclusive test of saturation at HERA.
For this we need a Monte Carlo in agreement
with AGK cutting rules.

e Transport what has been learnt to the LHC,
multiple interactions.
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