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¢ Introduction (@)

S{:udg of diffractive processes
g.{.w:af. an meﬂ-t.tr:'.rlf Lnﬁnmaﬂan
on both nonpertuibative and
Pmtmbatiue QCD dynarics.

Problems of QCD in nongertutbative

region: confinement, chital symmetuy

viotation. Structure of QCD vacuum.
Some important problems of
dr;ffmc Lon:
® Thenature of the Pomezon in QCD

e HRole of s-channef unifan‘fy and
mufﬁpamewn &Ichangﬁ

e QCDand Reg e factorizations and
their violation in a’gffzaciéue
P'mcasses

¢ Small-z ptﬂbfam and "saturation”
of pati-::lm'c densities as r—0.
Refation to heaug lon coblisions.

o Twansition from hard ts soft

zeg:'mes



® Tw'n cmmﬁemenfatg views on
diffraction

® chan:eﬂ view Gf cf:ffracf'lgn
ﬂbsnrptlan of an initial wave due

; 1 to many lneﬁaitrc channets
2 - 2 -

dlﬂ'ractwe elastic scattering.

Diffraction is a Pracess,which has a

!un? El{ﬂtfmﬂ T~ E-;f 2
E.Feinbery. I‘quﬂ

Di ffrac‘trfe Prc}duc‘tmn memn.:hu

Exampfz
Dissociation

of a deutron

nt = ....r--—,
Tnetastic di {ffac’tmn s due 'tD a difference
of amptitudes and is smalter cﬂmpar’ed
to efastic scattering.

9 C::
Dissociation nfa Tﬁ‘l:
hadron into qg- pairs
99- F . ] -

( colovr affpaj'es ¥;



Good and Walker fnfcrpretuir'an
of diffraction.
Df{fmcfr‘ve Par‘t of S-matrix -'ZDHE-‘-?}

can be diaganaﬁf!:d bra,r an alfhﬂgﬂ”ﬂﬂ impact
matrix Q pavameter

D=QFO ’ F;J‘-’F‘-g,_'d‘

1'15 = Z- Qik (fk y e Eig#nsfates which
; have ahlg elastic scat.
Y, - initiat state.

Quark confi uvations with
fixed transvetse SEFar'dfr'anL

Affe'r. diffrac.‘f.ive Sﬂn‘f‘tgr[ng (with f}#i*F)

a final state isa new supez osition of eigen-
states and thus contains Y; (with i=42,..,%)

Anaﬁﬂg of K. K Tﬂgaherafﬁ'ﬂn_. wheze
K®and K" are Hs'agﬂnqﬁ'ﬁqusﬁ.

if atl F = 1 (b<R)- black disc imit

~ inebastie diffraction is absent
Fovr F, éé

) o (tot) Him El'ﬂ"j-
6 (be)+ 6, "(bs)< § 6 (b3) barfnd



@
Diffractive Fmduatinn (s related

to The dispersion in the absuzpfian
of the a’ff/zaciive eigenstaias

6:"(s,b)= 4({F*> - <F>)

Fox stzon g absorption diffractive
Pma’ucffjan IS Peu‘lbheza! in b.

In QCD eigen states - dipoles with
definite transverse sizes *,.

For smafl F”‘If' ) 'DependEricE
| on S,b 7
¢ T-channel view

Retgge Pofe modet

—’F—
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In b-space Regge ampfa‘tud25 have
o gaussian form.

N-ﬂte ﬁ‘mt the Pomezon is ve-:g non-
-local ﬂb&‘e:t. It corzesponds o the
process with T~ E/mz.

Pomeron with fnfexcep‘f Xp(0)> 1
leads to a violation ofanffan'tj (s+2).

Regge cuts(mutti- pomezon exchanges
in the t-channet) restoze s-channet
uni'ﬁazifg,

Gzibov's ief:fmr'que. {az evaluation r::f
cuts contributions

i
{ { 1 1 {2 1
? P _* P + P + -
2 2 2 2
2 |

Becomes equivalent to GW formulation,

but with known s- dependence



&
MuE'tiPame'mn contributions to etastic

amf:f:’ﬁudes ate refated To amP!:'fudes of
d'r'ffrac'tr‘tfe processes.

for inelastic diffraction effects of

mufﬁ_pamezan cuts are even more
;mFatta nt,

If The&t bead 1o a
é g petipheral form
nf amPEffua'es T

E.PQC'E

Gribov dr’agmmmg fe:ﬁm'?uc and AGK
*cc.rfff'ng wles ablow for s;y.rfamafr‘a

.sf.un"y of mutlipomeron culs in diffractive
/ﬁtaﬂfsrﬂs and muffrpazsztfe ’praﬂ’-:r:fr‘aq,

Thus an investigation of diffractive
processes 3.*‘#:5 an r‘n}"azmaﬁrbn on structure
hadronie ffu:fﬂrafrbnr and & meeharnism

of fn‘?h energy interactrons.
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@ Pﬂme'mrz in QCD

In QCD the Pomeron /s usuaffg: refated
o gfuﬂm'c Exckanges ‘n
the t- channef

Low,

3 g Nussinov
E{I"{ﬂj =£ Sg'i = i

In QCD Perfu': bation fﬁeaty ladder -
"fgpe. diagtams are impoxtant

" BFKL- Fomezon regge:‘ze:i
In k0 (otslag)” géuons

A =otp(0)-1= Q_J%r_z s, NA=05

fa':ge NLO corrections V.Fadin, L. Lipatoy

M.Ciafallioni ef af
Seuxces of these correet ions were

discussed

A=015+02 S. Brodcky el.af ,
Iterative method .-:Ji‘ solution of BFK

equaffﬂn (L0 and W4L0) J. Andexsen



What is the zole of nmpe':fwﬁafr';fe
effe.-:fs ?
Aze theze gfueéaffs on the Fornexon
fmd;'eciatg ?
o These Ptabfems were investigated in
the nanﬁerfatbaﬁm Wilson fﬂﬂP
ap)anch. A.K, Yu. Simonov

fn fﬁ:‘s ftamewatk Usuat (cﬁ - 5—'3,,41,__)
ftadr'edatg are caleulated ard agzee
with experiment,

Predicted spec'fﬂ.fm of 3£afeﬁaff’s Lh

a 3md agteemeni with lattice resubts
The lowest <tate 0' M=152¢ev

Sfope of 99- trajectoties D(;Ené-ﬁf;f’af GeV"
Mixr’n(c’a .::f 93 and ??' ftao.récfaw'es

in the smabt -t tcgiﬂﬂ.



Imlpﬂ'ltant role of qﬁngfuﬁns mf”fﬂg. @
e befote mixin
"":ﬁ)lf }y".--#}sf d
r

-l-""".-..-..
e S

0 t(Gev)
vepulsion of Levels

R
Aftes mr'g;’ng and account of semihard

Lﬂiﬁﬂ%ﬁﬁgjﬂﬂw
olp(0) = 4.15+4.25

VEI? tich ths:’ts of the Pomezon

( :':,ﬂ.:r.".rf}'.|"'.-\e,|--.|'Ir4:1.*-:.“-‘1"r gﬁue.bafﬁs; ?uatk-gfuan m.-'xr‘nj,
chizal sym. and role of pronis, semibare

interactions)
eh Pometon

te that in this approd
cid:t:ins both soft and hatd effects

-~ - aal POometon. |
PIhn(ds’::: *t‘.aﬂian pL< 4 CeV notron of

's not
oint-like qudmks and 3'5“,"”.5 is ¢
f-lup Iﬂ-ﬂlvan t one ‘B .
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o New ateas of apph‘cal‘:mnf

a) Omabl- x Phgs:.‘r:s,

Studied expetimentally cn ep (pp,vp)
intevactions

New data f'r.am ep coblider - HERA
atlow to r‘nvesi‘:ﬁgate the egion of

very smaté x
e 7 e

q T' Ql::-rcr’ i I:%‘; ’N: {w‘:nm’}
w'ss=(p+q)

tot] , - i
(W' = T %emF (x,O')

65! P Q*

Forx Latqe @°
2 (2.@) = T &'x(:(5,0)+J (=)
E:{p&mimelﬂts at HERA demonstrated

- FCIS{ chetease ﬂf F:E f".'l!tﬁl) as x—=0
':’-FFJ "'(‘JE )J'hfﬁ'} s %g)hfﬁ’}
A QY inereases with QF and =03 at o 10V
Diffractive dissociation of ¢ exists

even at farge @. Dy =02
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Two types of gq-configurations
of vf*zfﬁaﬁ Phc?tqnns

wé:m. a) Small size
A --J.- ~ .
w Ay kT Qf ¥ K é-;

b) Iatge size |
kr""—hﬂch KQ; z~L

N
& % G (W~

The model based on 1his picture and
129 eon f'hEﬂ'Ié‘ A.Capella E. Ferreirg A K, C. Salgado
give's a gaad simuftaneous description
of F; and diffractjve production (E?)
in a broad teqgion of 3
(see also E. Gagsmam] E levin, U/ Maot
K. Gofec-Biernat, M.Wisthoff )

Interaction of smatll size component
can be described in perturbativn theozy

At lazge Q* inclusive dfﬁ’racﬁr‘ar:.
dissociation of a photon can be
described 1n tevrns of quark
disttibutions in the Pomezon.

re © 3 &
|

P i' £ Pe 1 4P

PP :

P P




QCD fits of F;”m data

Extraction of the gluon and quark densities in the
pomeron from a DGLAP fit to H1 data

H1 2002 ¢,0 NLO QCD Fit
H1 preliminary

‘E gﬂ‘l
= 6.5
N
1
[ 15
il
1
80
0 0

02 04 06 08 1 02 04 08 08 1

z z
H1 2002 o.© NLO QCD Fit
B (exp.

[ (exp.+theor. error)
~ H12002 o, ® LO QCD Fit
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e Structuze of the Pomezron and
hard diffraction in hadzonic
(nteractions,

From anaﬁgns of HERA diffractive data

it rszu:-ss; le o find distributions of
quatks and gﬁuans in the anezan

K 9 9 Tﬁese
dmgma
PR also
contiibu

P P
However standazd QCD evolution
takes Pfacf, 1 Collins

Lazgﬁe uncertainties in the giuanm content
‘Pomeron". New Hi an.-af?mﬂ

Fa'r: hadtanfc L'nfﬂtacf.’r_'ons situation (s
mote compﬂcafed

These
exchanges aze

absent “in DIS

Tha# violatle
“had faatazfzat:‘oﬁ




o Haid diffraction itn PP
P93 _rids P q P
7 sy ';’w
EEP P
4 Ingcfman P

Sehlein

@ Tn fhEsE. P":{)EEIEES ﬁ!g !Esﬂnfﬂtt;nj

effects dre impoz tant
Ma

Tl‘le;‘r s‘hangﬂy teduce UeLd
CLoss Schrﬂ-nf Pﬁﬂnhﬁ:.ﬂg

Viclation of both QCD
(hard) and Regge factor(-
zation.

The SHFF':css:'e::n dspends on eneigy and on
the x of aPaztan (from the dppex side) due

lo diffetent sizes oF intial r:anﬁ?urafr‘ans

A Khoze A Maxtin, (100{]f
AKV aaqﬂg i

In'tu'ustm? ffefuf fﬂt @CD nﬁgircs at LHC
Saf?f color interaction maa"eﬂ gives a

reasonable value for suppression
¢but not for B-dependence) K. Ehberg
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USuaEEy these effects aze taken (nto

acecount in eikonal appzﬂximaf[an
(ebastic rescatterings onty)

; 4 The suppression faci-a-:

: ‘val probabifit )
I (survivac p P 4
; fIMeb e 08

5% | Mes.b b

However inelastic intetmediate states

can FE"E an £mpa1f.anﬁ rofe.
o cee also GLM

Cegen <tates with smalt absazpfs.’un
will fead to smatler suppresscon

Consider this effects in the 2-channet

modef KMR model (for details see )
KMR

Figen states absorption cross sections
differ strongty (3:4 times)

In _pazfam‘n modet they correspond to
canfﬁgutaf. Lons of diffeten sizes

Large size - fa'r-gg (o] - state {
Smaté(er) size - smabler & - state2
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Next step: refation to Pn*:.'tanr'f.
r.anffgu’r.atmns with dr‘ffgzent x. KKMR

¢ . e

s .°; Smatt size -mnsffy valence quaﬂg'
'h.'_"" xmi

.
f-.--.,. .:'-"\F

- ¥ l'-}

Fe''a u:_ E :

(2% ) [arge size - mostly qluons and se
'.‘;'ii:h'i-" 3 g (yﬁ ”
“;'. l;; I'ﬂ‘i

e

fn fﬁr’s aPPtaach (t is pnssr'é!e to E.t‘pfm:h

di ffractive production of ‘ets at Tevatzon
ff P / e

Mot only an absolute magnitude but
atso p- dependence d';ffe-:s from szea’;c-
tions, based on HERA data ( Note ﬂ'l

behavioutr of CDF data for small g) Fis
. f f I(.Gac.rﬁf{dnag

Kinematies: £ =006 M £5 =210 geV*
L O 3
Mjj= 2, pt1 =10 Gev®
IJ_'P"—'-E'!G
pr0.25 — X £ 002 mostly gluons
4
p~0025 — X,~0.2 mostly valence g

Thus in this mode? 5uFPresst'an facﬁn":
incteases as p decteases ( fox COF kinemat )

In this modeé it is Pas:w’b!: 1o ':efpzaa*aee,
CDF tesubts without ftee Patamefe-:i F.:'_?,



——— New H{ fit

0.04

006 008 0.

0.2 0.4 0.6



ﬂ@) ———— New H4i

—— quark gluon

- Pg/ Py
(Small / Large D) el
!D-ll. i i I i I T | i i P L L
0.0 0.06 0.08 0. 0.2 0.4 0.6

B



e Double Pomezon J'e,f Ptﬂa"ucfdaa

This process is observed
at Tevatreon

Test of fac'h:a-miat.r..arz.
bé' C’DF

Fo(t): ¢
i =
= ﬁ;s gr.} fp) 1S
f f:t,]l |S.tl=i

o= 5 P
R_;_— Fe(8) £ ]x;’@‘ ) KKMR
Fp f?t]f fi]-'f- (R4 Eﬂﬂi
r:-f i~ fq,f- Bi (z==x,) H“;efﬁ;?r,;f

R = R/R, =) /s
For .'-r:'nc?fg Eﬁg“?e E.rcﬁﬂnje; 1'.I5ﬂ=i)

R=1
With account -of absorption
|S[=04 , [S]=005 KMR
R=02

R“F =0.19%0.07
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Conclusions

® fof:actﬁve processes g:‘ve an
impoztant information on dif-
f-ﬂtenf asPects of QCD.

e Pomeron in QCD has a very rich
dgnami.{:af structuze.

e Investigation of haid diffzactive
mcesse? aflows one to study breaki
of both Re ge and ‘haxd" fac vi zations
and ttansfgfﬂf? from soft to hard
tegimes in QCD,

o Small -z fhysics /s telateq to QCD at
high densi 4. Shadowing effects aze
very ;'mpattanﬁ in fﬁr‘? tegion.



