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The main properties of high energy diffraction are
considered.



Plan

1.Definition
Diffraction = elastic scattering caused by the distortion
of incoming wave function

V.N. Gribov — "High energy diffraction may be related
to confinement since here we deal with the amplitude of
high energy particles interaction.”

Diffractive events is a good place to search for the new
physics (glueballs, QCD instanton, ete.) in a good exper-
imental environment (i.e. low secondaries multiplicity)

2. Pomeron
(multiperipheral models, QED, BFKL)

Diffractive cone shrinkage

3.AGK-rules, space-time picture
U-matrix or eikonal unitarization

4. Weak vs. strong Pomeron-Pomeron interaction

5. TOTEM-ALFA o4, tension



1. Diffraction is the elastic scattering caused
by the distortion of incoming (plane wave) wave
function due to other (inelastic) interactions
Not any LRGap is diffraction
(Odderon, photon exchange are Not diffracttion)

High energy behaviour of diffractive amplitude may be
(777) connected with confinement

Low multiplicity of diffractive events (low numbers of
Pomerons) makes them attractive for searching a new
physics (like glueballs, QCD instantons, etc.) in a good
experimental environment.



2. Diffractive amplitudes are described by the Pomeron
(Pomerons) exchange. +ico )
As,t) = [ din(G)F UL/ 50)

1o @)

Pomeron 1s the pole in complex

all glllﬁl‘ momentum
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multiperiphery QED



Pomeron is the pole in complex

angular momentum plane, j

A(s, 1) = /  dnG)FG, s/ so

100

Pomeron pole F(j,t) = 1/(ap(t) — j)

ap(t) # const
(ap(t) = const contraticts to ¢ unitarity)
For small || ap(t) = ap(0) + a,t that is

Diffarctive cone shrinkage

s l4+ap(0)+apt
A(s,t) = V3(¢) (_>

S50

dln A(s,t
Be = 2 ndt(‘;f ) = 4By + 2apIn(s/sg)

Interaction radius (radius of disk) increases as o/ In s




multiperiphery — at each step (cell) ¢ transverse
momenntum ky; ~ Myes = cONSt
diffusion in impact parameter plane, b

Ab~ 1/ <ki>  R*=ng,A*hoins
olp ~ (dni/dy) [k

BFKL - diffusion in In A;

k: grows with s In* ki Tgeens
a'p(s =+ 00) = 0



For ap(0) =1 (ot(s = o0) — const)
R? o In s while dNyee/dr? < 1/1In s
(wee parton =
smallest energy parton with Y close to Y, get)
For ap(0) > 1 wee density % increases with s
—=> large probability of 'multiparton interactions’
— > MultiPomeron exchange

Space-time picture
7:=2E/k%

~




Eikonal U-matr.

In U-matr. case one can cut only one object;

b

it 1s impossible to cut a few ”quasi potentials”

(Pomerons) simultaneously:.



Eikonal

A(s,b) = i[l — e = _; f: [ix(z‘b)]”
U-matr.
_ X(s,0) = [ixX(s,b)]"
As, 5) 1 —1x(s,b)/2 = —2 Z omn

L)

Note - the first two terms are the SAMI



1. Unitarization
2Im.A(s,b) = | A(s,b)|* + Giner(s,b)

Two solutions for ImA

1+ \/1 — (1 == pQ)Gineg(Sj b) |

2

ImA(s,b) =
p(s,b) = Re/Im

Als ) o / bdb.Jo (bq)A(s, b)



Inelastic contribution:

GE?k ( ) — 7 G—QImx(s?b) |

inel

G?ﬂ?i(sﬂ b) = 211’].’1.«4(8? b) T ‘A(S? b)‘z

_ 2Imy (s, b) o
(1 —1ix(s,0)/2)(1 +ix*(s,0)/2) ~

The hole in center at |y| — oo



+ Im ay

—2Imd,;
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The partial wave amplitude, a; = (1 — %),



2. AGK rules

unitarity — 2ImA;; = discA;; = Z A> A
Tr

ImA is given by the cut of diagr. over state m

disc = 1-; _4.; +2E I
—< —t —f— =

\

a b C

FI:. 1. Two-Pomeron exchange in the t channel expressed as a sum over all intermediate states in the s-channel.



Pomeron exchange gives Imy = P/2
(P= cut Pomeron)

In the cut Pomeron we deal with discontinuity (disc = 2ImA)
while the uncut Pomeron can be to the left or the right of the
cut (this is the origin of factor 2 in (EI)) and this way the real
part canceled.

ImA(cut p)(sj t=0)=§ Z Cn(—l)n_an

cutting k£ Pomerons from the term C,,(—1)7 1P"

KO — (_1)n—kon—1 k'(nni e (9)
k0 = (1@ -

) g B[PP8 B) |
o (s,0) ZQ;Cn'(_l) > Rn—k)



- ke
n!P :Pk(d) P

(n — k)! dl”
k
Oeir(s) = /dzb [RGQS’Z})] exp(—Ref(s, 0))
Q(s,b) = —2ix(s,b) Refd =P
oo [ e [ ImR(s,b) 1F !
ot(s) =2 [ d [1+1m)’g(sjb)] 1+ Imx (s, b)
Imy (s, b)

> 2 #£ 0

Problem — } _of;(s,b) = 2 "
roblem ;JU(S ) 1 + Imyx(s, b))

2Im.A(s,b) = |A(s,b)|* + Ginei(s,b)

U-matr. is inconsistent with AGK -777






3. Multiplicity distribution

For numerical estimates, we take the parame-
ters of the Pomeron trajectory and the Pomeron-

proton coupling from 2402.11385.

We assume that one Pomeron produces the
Poisson distribution in N = N, /C.

[C" accounts for “short range correlations” and
denotes the mean charged multiplicity of a clus-
ter (resonance or minijet). Due to electric charge

conservation, we expect C' > 2]

value of N!, is chosen to reproduce the particle density dN.p,/dn
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FIG. 3. Charged particle central region (—2.5 < 1 < 2.5) multiplicity distribution in the eikonal (black continuous and short dashed
curves) and the UU-matrix (red long dashed and blue dot-dashed curves; C' = 4) unitarization schemes. The data are from [13].



Pomeron-Pomeron interactions

Diffraction dissociation —
elastic scattering of intermediate parton

2
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two regimes
weak coupling — 04, — const
gap X ¢ vanishes at ¢ — 0
strong coupling — o, o< In" s

Bez X In” S
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ap(0) = @seeqd(0) + g1 + (Pom. loop)
'Pom. loop| increases with s for a,,..; > 1
Pom. loop < 0O

= ®
1\\
: b
Theory with g3p only 2 de!
gives Ttot — 0! g !
/ ®
at s — o0 ’
) ®
n ) g2
g, are important!
®




5. TOTEM-ALFA o, tension
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Figure 2: Total pp cross section values measured at LHC.



O — cperndaden
T T 2L dt |,
Coulomb L. independent
167 1 dNel
Tiot =
T 14 p2 Ng + N dt |,

Niner(In] > 6.5) not known !
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Figure 1: Multi-Reggeon production
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Figure 7: Value of dN.,/dn at # = 0 as a function of the centre-of-mass energy in pp and
pp collisions. Shown are measurements performed with different NSD event selections from
UAL1 [12], UAS5 [14], CDF [10}{11], ALICE [6], and CMS [4]. The dashed line is a power-law fit
to the data.



ap(0) = @seeqd(0) + g1 + (Pom. loop)
'Pom. loop| increases with s for a,,..; > 1
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