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What is it good for..

e We want to study the gluon distribution inside a hadron

e Towards larger scale Q?, the number of gluons
rises linearly but their size gets smaller
Y=In (1/x) High density

e Towards smaller Bjorken x, the number of glu- T CGC: IMWLK-BK Q(x)
ons rises linearly without changing the size U
; o0
e When the dilute system gets to dense regime 2 '.'.-:
(CGC) by crossing saturation scale Q%, linear i f 2o
evolution no longer holds S Low
= density
e Non-linear regime is described by infinite hi- %
erarchy of coupled (JIMWLK) equations for “
correlators of Wilson lines (don’t ask me what ——— g

it is..
tis..) InAgep nQ

e In mean field approximation and large N, limit, the first equation decouples to single
non-linear integro-differential equation for 2-point correlator - scattering amplitude of a
dipole off the CGC matter.
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What is diffractive deep inelastic scattering?

e “Normal” deep inelastic scattering - an electron scatters off the hadron leading to an
electron + bunch of hadrons denoted X

o Wé = M)z( is the center-of-mass energy of the photon-hadron system

. . 0
e Bjorken-xis XBj = — 5 5
Wi, + Q- — My,
My is the mass of the hadron, Q> = —(k — k’)? is the scale of the incoming photon

e Low-x limit (saturation regime) manifests at large Wy,
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What is diffractive deep inelastic scattering?

e Diffractive deep inelastic scattering - an electron scatters off the hadron leading to an
electron + hadron + bunch of hadrons denoted X

o Wé, is the center-of-mass energy of the photon-hadron system

2 2
® xp= Q%M)g is a fractional longitudinal momentum loss of a hadron
Wip+0
B=_2 _
e One more degree of freedom - § = 102
2
o Bjorken-xis xp; = Pxp = —2 —, 0> = —(k—K')? is the scale of the incoming photon

h(P) \ / h(Py)
t=(P— Py)?
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From the cross sections to the structure functions..

e Differential cross section for diffractive DIS

d Geh—>eX h AT O(,2 2 2

— _ya 2| [ gPO o Y D(3) 2
dBszde - BQ4 [1 v+ 2] (Fz (XIP%BaQ ) 1—|—(1—y)2FL (xP,B,Q ))

e 1y is the fractional energy loss of the electron in the hadron rest frame

D

o I, ) and F,f) ©) are diffractive structure functions

e Experimentally, the process is recognized by the presence of a leading hadron and the
rapidity gap of the width In(1 /xp)

e |n the color dipole approach, we take a photon and expand it into the series of
colorless parton states, that scatter elastically on the hadron
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From the cross sections to the structure functions..

e \We restrict ourselves to two simplest states gg and ggg

3 D
by = FTI‘?qq' + Fl?qc? + FTI’?qq'q<+FL,qc7q>

T, L denote the transverse and longitudinal degrees of freedom of the photon, last term
has no leading log in Q2

0 1/2
%P Frgq (e, B, 0°) 16%%[32% dzz(1 = 2){ €[+ (1= )@ + Do |
1 Am?>
_ 2 2 _ /
=z(1—2)Q" +my ZO—2<1— _M)2(>

Miniworkshop on Diffraction and Ultraperipheral Collisions - Decin - 15.09.2020 6/12



From the cross sections to the structure functions..

e \We restrict ourselves to two simplest states gg and ggg

3 D
by = FTI‘?qq' + Fl?qc? + FTI’?qq'q<+FL,qc7q>

T, L denote the transverse and longitudinal degrees of freedom of the photon, last term
has no leading log in Q2

6
xpFy qq(xP,B 0%) 4;53QB Zef dZZ 1 —z) P

2
* d
Dy = /d2bt [/0 drrKo 1(€r)Jo.1(kr) d;li (b,,r,)qp)] k> =z(1—z2)My —m?c
4
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From the cross sections to the structure functions..

e \We restrict ourselves to two simplest states gg and ggg

3 D
by = FTI‘?qq' + Fl?qc? + FTI’?qq'q<+FL,qc7q>

T, L denote the transverse and longitudinal degrees of freedom of the photon, last term

has no leading log in Q2
> B2, B2
/d bt/ dx? / dZ{K ln—[(l—g) +<E)

o do, do 1 do \2
8 K L(VT= g:z[l—(l—— H
/0 drr 72, > (\/zxr) o ( ZKr)] } b, > b
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Dipole cross section

e From the optical theorem
dqu _
d2b,

ZN(I’,bt,Y)

IPSat model - CGC inspired phenomenological model, Gaussian profile of a proton
b-CGC model - continuous connection of two limiting BK solutions, Gaussian profile of

a proton
e impact parameter dependent solution of collinearly improved BK equation (talk by
Marek)

} 1_ x=10° LT T w00 ,u—_"_"_‘Z'L'."-'3'—"—'::‘"':? } o100 e O PESSNNERERLEL LS
08 < P + '\.";‘"‘ . 08 ‘ JPPEE T ,,;*,—" ]
of T + 7 Y S P t 7 :

C £ T ," b=0.1GeV" 1 C ; T ,~"' b=1GeV'
041 A T4 —bdepcBK ] 041 ‘ T 4 —bdepcBK ]
o2 /‘/ ——,' - -b-cac — 0.25— i/ —-:—i!~ - mb-oec
I S S B E— I T S B O N S T L S S N
r[GeV] r[GeV] r[GeV] r[GeV]
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Nuclear dipole cross section

e |PSat + Glauber-Gribov (GG) approach
NA( b, Y) =2 (11— 20mENT00) () =2 / &b, NS4 (1Y)
e b-CGC + Glauber-Gribov (GG) approach
NA(rby,Y) =2 (11— 20 TE))  guy(ry) =2 / &b, N~ (1., Y)
e b-dep ciBK + Glauber-Gribov (GG) approach
NA(r, by, Y) =2 (1 e~ 2%aq(rY >TA<bf>) Goa(nY) =2 / d*b,NPPBK (1. y)

e b-dep ciBK evolved nucleus

er?A(Y)
4

NA<7‘, b;,Y = 0) = (1 —e_%qu'(’"vY)TA(bt)> qu—(r,Y) —

e T4 is the nuclear profile function from Wood-Saxon distribution
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Results for proton target
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Results for nuclear targets
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