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Definitions

Necessary condition for diffraction (deviation from geometrical optics):

kR? >> 1, where k = 27 /), X is the wave length and R is the size of the
obstacle (or hole) is

Fraunhofer diffr.: kR?/D << 1,

Frenel diffr.: kR?/D =~ 1, where D is the distance between the source and
the detector. The case kR?/D >> 1 corresponds to linear optics.

In high-energy, say, > 1GeV, experiments, Fraunhofer diffraction dominates:
the obstacle, hole =detector is of 1F'm, while the distance between the source
and the detector is practically infinite. (N.B.: At tha LHC, however, Fresnel
diffraction may occur in the Coulomb region.) At the LHC, /147¢eV, R =
1Fm, D lem, hence kR?/D ~ 1076, (compared with v/50GeV, — kR?/D ~
1079 at the ISR (CERN).

Diffraction extends in a huge span of wavelengths !
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47 do ™
01(s) = —ImA(s,t =0); — = 5|A(s,t)|% n(s);

Lthr.~0 do d
Op] = / — Ojp = 0t—0,; B(s,t) = —1In
tmin%—s/ono dt dt (

doy
dt)'

AZD(s,1) = P(s,0)£0(s, ) (5,45, 8) e Pls. £0(s.),

where P, O, f. w are the Pomeron, odderon
and non-leading Reggeon contributions.
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Central and Multigap Diffraction

a Double Diffraction Dissociation

» One central gap

a Double Pomeron Exchange

» Two forward gaps

2 SDD: Single+Double Diffraction

» One forward gap+ one central gap

Rate for second diffractive gap is not suppressed!
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Elastic Scattering

Js =14 TeV prediction of BSW model

momentum transfer -t ~ (p0)?
0 = beam scattering angle

p = beam momentum
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Geometrical scaling (GS), saturation and unitarity
1. On-shell (hadronic) reactions (s,t, Q*"2=m"2);

t €= Db transformation: h(s,b) = fgo dv/—t\/—tA(s,t)

and dictionary:

Imh

' “break” absorptions
@Bt
Y, Gaussian
2
A | |
dip ~_ Ppion clouding
~.__ atmosphere”

do/dt |
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R. Fiore, L.L. Jenkovszky, E.A. Kuraev, A.l. Lengyel, and Z.Z. Tarics,
Predictions for high-energy pp and \bar pp scattering from a finite sum of
gluon ladders, Phys. Rev. D81, #5 (2010) 056005; arXiv0911.2094/hep-ph
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Linear particle trajectories

Plot of spins of families of particles against their squared masses:
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The slope of the cone for a single pole is:
B(s,t) ~ &/(t)Ins. The Regge residue eba(t)
with a logarithmic trajectory a(t) = «(0) —
~In(1 — Bt), is identical to a form factor (geo-
metrical model).



T he Pomeron trajectory

The Pomeron trajectory has threshold singu-
larities, the lowest one being due to the two-
pion exchange, required by the t—channel uni-
tarity. There is a constrain (Barut, Zwanziger;
Gribov) from the t— channel unitarity, by which

Sa(t) ~ (t —to) R0 +1/2 4 4y,

where tg is the lightest threshold. For the
Pomeron trajectory it Is tg = 4m72T, and near
the threshold:

a(t) ~ \/4m727—t. (1)




Representative examples of the Pomeron trajectories: 1) Linear; 2) With a
square-root threshold, required by t—channel unitarity and accounting for the
small-t “break” as well as the possible “Orear”, eV~" behavior in the second
cone; and 3) A logarithmic one, anticipating possible “hard effects” at large |¢|
t] < 8 GeVZ.

ap = ap(t) =14 0p + aypt, (TR.1)
ap=ap(t)=146p+ aypt —agp (\/4oz§P . — 2a3p) , (TR.2)

OépEOép(t)=1+(5p—011p1n(1—052pt). (TR?))




Agg(s,t) = P(s,t)2£0(s,t)+f(s,t)tw(s,t) =g P(s,t)£0(s, 1),

where P is the Pomeron contribution and O is

that of the Odderon.

P(s,1) = ,,;;_S(T%(S)erf(S)[ap(t)—ll_E?,.%(S)erg(a?)[ap(t)—ll))
50

where 7«1( $)=b+L-2, r3(s)=L-T with

L=1In2 st ap(t) is the Pomeron trajectory and

a,b,sgp and e are free parameters.



Does GS imply saturation? Not necessarily!

ImH(s,b) = |h(s,b)|?+G;,(s,b), (his associaed
with the "opacity), Here from: 0 < |h(s,b)|? <
Sh(s,b)) < 1. The Black Disc Limit (BDL) cor-
responds to Sh(s,b) = 1/2, provided h(s,b) =
i(1 — expliw(s,b)]/2, with an imaginary eikonal
w(s,b) = 1Q2(s,b).

There is an alternative solution, that with the
"minus” sign in h(s,b) = [1i\/1 — 4G4, (s,0)]/2,
giving (S.Troshin and N.Tyurin (Protvino)): h(s,b) =
Su(s,b)/[1 —iu(s,b))],
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Phillips and Barger in 1973 [ |, right after its first observation at the ISR.
Their formula reads

ill—: = [V Aexp(Bt/2) + VC exp(Dt/2 +i¢)|%, (1)

where A, B, C, D and ¢ are determined independently at each energy.

L.Jenkovszky, A. Lengyel, D. Lontkovskyi:
The Pomeron and Odderon in elastic, inelastic and total cross-sections,
hep-ph/056014.



P and f (second column) have positive C-parity, thus entering in the scat-
tering amplitude with the same sign in pp and pp scattering, while the Odderon
and w (third column) have negative C-parity, thus entering pp and pp scattering
with opposite signs, as shown below:

A3, 0% = Ap (s,8) + Ay (5,1) £[Ay (5,) + Ao (s, 2)]. )

pp
pp
where the symbols P, f, O, w stand for the relevant Regge-pole amplitudes
and the super(sub)script, evidently, indicate pp(pp) scattering with the relevant
choice of the signs in the sum.
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The Pomeron is a dipole in the j—plane

d
Ap(s,t) = dan

e_imp/QG(ogp)(s/So)aP] - (1)

J——Y (5 /so)ap(t) [G'(afp) i (L i /z) G(ozp)] .

Since the first term in squared brackets determines the shape of the cone,

one fixes
G'(ap) = —ape’rler=1, (2)

where G(ap) is recovered by integration, and, as a consequence, the Pomeron
amplitude can be rewritten in the following “geometrical” form

.ap S

R(s)e Wlorll - epr(s)er Wlert) (3

AP(S,t) —

—
bp Sg

where r(s) =bp + L —ir/2, r5(s)=L—1ir/2, L=In(s/sp).
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Energy variation of the relative importance of the Pomeron with respect to
contributions from the secondary trajectories and the Odderon:

Sm(A(s,t) — Ap(s,t))
SA(s. 1) ’ (1)

where the total scattering amplitude A includes the Pomeron contribution Ap
plus the contribution from the secondary Reggeons and the Odderon.

Starting from the Tevatron energy region, the relative contribution of the
non-Pomeron terms to the total cross-section becomes smaller than the ex-
perimental uncertainty and hence at higher energies they may be completely
neglected, irrespective of the model used.

R(s,t=0) =

(A, 1) — AP(SJ)\Q'

R(s,t) = 5
>0 A 0)

(2)
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