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Quarks and gluons in a proton; DIS in the dipole picture; BFKL
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« Non-linear small-x evolution:

« Non-linear BK and KL evolution equations; Solution of BK/KL

equations; geometric scaling symmetry
Running coupling corrections; LT solution

e Particle production at small-x
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small-x physics and
saturation



Quarks and Gluons in the Proton 1
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« There is a large number of quarks,
anti-quarks and gluons at small-x in

_ a proton. We still don’t have a clear

— g —  picture of how they are distributed.
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Quarks and Gluons in the Proton 2

« High number of gluons populates the transverse extent of
the proton or nucleus, leading to a very dense saturated

wave function known as the Color Glass Condensate (CGC)
1980 2000 b 2035"? N
; "

33

*NEW HIGH-DENSITY
REGIME OF QCD*

//'\\ | //'\.\ //.\\ « As energy
L =t increases, gluons
\ O/ l\ ./J | .| 0 ./ — not only split into
more gluons, but
U — ¢ —% ;

.1 also recombine.
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epidipoleproton [ ipyole picture of DIS 4

collision

@ : eA/dipole-nucleus @

collision

6.

« The total DIS cross section is:

2 1
~v*p/A . d o1 d2b/ dz \Ij,y*_)qq 2 N(Y - b
oLt = [ SRy [, 2, Q%) N(Yixon, )




Dipole picture of DIS 0

« How does the dipole interacts with the proton?

g ...3‘]_1

J = spin of exchanged particle

J

« Answer: the (two) gluon exchange dominates (J=1). Spin-2

particles are weakly-coupled at nowadays energies.
O > =
i




The BEKL Pomeron 6

« The previous result does not include any energy
dependence. Energy dependence comes in through
quantum corrections, which bring in powers of as In(1/x)

BFKL
ladder
&SY

NBFKL —_—




The BEKI. Pomeron

« As we increase energy, the single BFKL Pomeron violates
unitarity of the total cross section

()
total

BFKL |

Froissart bound

ﬂ __ Applicability of
BFKL pomeron

I R S ——

S
. We call the Froissart boundary the foIIowmg limit of the

energy growth of the total cross section: 0ot < €Inss



Fixing the problems
e Let us define the saturation scale Qs(Y) like a transition
point between the region where N (x_L,Y) grows with x_L
and the region where this growth is tamed, that is, by
requiring that N (x_L = 1/Qs(Y ), Y) = const, with some
order-one constant.

Saturation region

N Color Glass Condensate
: Extended Geometric
‘Scaling region
1 Y=In1/x A
saturation
region .M
~x} a<<l1 . " DGLAP
: : geom
: : . > Q’
1/Qs 1/A X_L as~ 1 AQCD as << 1
QS(Y) = QSO exp OZSKZY — 2(1_7 ) lnaSY+(’) W
cr

where x = x(Ver) /(1 — Yer) , x(v) = 29(1) — ¥(v) — (1 =), ver = 0.37



Fixing the problems 2
« To reconcile with unitarity, we say that the dipole system in
the saturation region develops the BFKL Pomeron cascade:

Y pamal :
: O=§R

v _QOQ QO O QO R

SS/A(Y7X017b) — Z(—l)n Cn G?)(Y,X()l,b) — ﬁ

n=0

dn T

C,G%

271 sin(mwn)
e S=1-N. The wavy lines denote the BFKL Pomeron

exchanges. The circles denote the Born amplitude.
e This is a non-Borel summable series.



Non-hnear
small-x evolution



Small-x Evoluthion 10

e Let us denote by the red rectangle the GGM exchanges. The
quantum corrections are the virtual and long-lived s-

channel gluons:

>. .4
. A
X 9D
D
O° 'i"'ﬂ Yo,
O 000001

e In general we don’t know how to sum this gluon cascade,
only at leading log-1/x and next to leading log. Also due to
color factors, still hard to resume. To resume the cascade we

take the large-N¢ limit ('t Hooft '77):

7l s 4
—_> :

N. — large, ag N. = const



Small-x Evolution 11

« The original dipole has developed a dipole cascade, each
of which interacts with the nucleus via GGM scattering

L
-
> «

‘ g8 o % eeni o s
: g O :
g 1 -4 4" 3
(] {
{ L J
g & g9 °°°* gs
< g C g O g C >

S (Yixo1,b) = /H 774 (x01,6, X017, by)

X d2x01 4 d?b; Pn(Y X01, b, {X01.i, bi })
« Where S=1-N and p, denotes the dipole densities
(probability to find n dipoles in the amplitude)



Small-x Evolution 12

« In arriving to that expression, the dipole—nucleus S-matrix
is found to obey the following non-linear evolution
equation (Balitsky '96; Kovchegov '99)

08aa (Y Xo1,b) _ asNe [, 4

oY Y ; I
X [Saa (Y;x12,b) Sga (Y;x02,b) — Sqa (Y;%01,b)]
where Y = 1I11/£C and Xz’j — X3 —Xj, Cl?ij — |Xz’j‘

« The initial condition with energy is given by

1
Saa (Y = Ya,x01,b) = exp (_Z w51 Qs (Ya, b))

%, _Kb"_ i
oY i ¥




Solution of BK equation 13

e For the leading twist BFKL kernel (E. Levin and K. Tuchin

4
X 00) 5 3 01 (e ] 01 i _ £ 4 g
s 2 201 S L02 05 ALy RS, o5
ol i S S = — |d e
27 ? 22, 2, 2 J )a;gQ 2 J ot D [ sz + / 12
Qs 2(Yb QT2(Y.b) —¢, e

where &;; = In(z;; Q2(Y =Y4,b)) and & =agrk (Y —Ya)
« The BK evolution equation can be rewritten in terms of &

and ¢ as £
0S4a (&, 1 / ’
dgg §) R ESdA (&5, &) / dE& | B alEest )
_58

« Introducing Sg4 (fsaf) — ©Xp (_Q(§Sa§))
0°Q(&,6) _ 1 (1 5 6—9(53,5))

0&,0€& K



Solution of BK equation 14

e For the geometric scaling variable z=¢.+¢ it reduces to

d* Q (2) Fodl (1 - e_Q(Z))

d 22 K
d Y 2
= U(Q) = / = 1/— (2 + O9)
\/Q/_|_€—Q’_1_|_EC’1 &
Q0 (&) 2

« Constants C; and C; can be found from matching with
perturbative QCD region:

Aom0) = 0, Q)




Solution of BK equation
N(Y,x01,b) = No (25, Q5(Y,b))7 O(1 — 01 Qs(Y, b))
+(1 — e SHYxo1.b)y ©( 20, Qs(Y, b) — 1)

: @s=0.2
- Y=0,5, 10, 15, 20, 25

0.8

0.6r

N(.Y)

0.4F

0.2r

0.00001 0.0001 0.001 0.01 0.1 1 10 100

15



Solution of BK equation 16

« Actually, for large Q' we have

1 SN B S @k-—D{ :
VO + exp(—Q) — a TR VIR (1 e 1; k! ( 2(8Y — a)) )

e Plugging this in the equation we reduce it to the form
L0 o e iyt A Bk G D e ((( IRV g (1 SR )))

2k k!

2k — 1)l 2

20

— a=20
— a=10
— a=5

| — 24/Q% _4
20 40 60 80 100 20 40 60 80 100
Q(O,I) Q(O,/)_a

— 1st+2nd terms of series

e Resolving this equation at Iarge z we have

VE—1(2k — 1)1 [ 2k *F2
S(2) = Aur(:) exp (—a + Z e (5) A’zT<z>>
: ln ($01Q§(Y, b)))

%
2K

where Apr(z) = exp (—2—> = exp (—

K




Single diffi-active dissociation 17
« At high M,, in addition to the qgbar, one may have many
more gluons produced (y>Y0): -

o

> rapidity gap

proton or nucleus

The process Diffraction evolution as
fan diagrams



Single diffi-active dissociation 18

« The single diffractive cross section is

doy, /] ; Hii dSP (Y, Yo: %01, b
M dMg = /d2x0d2x1/0 dz |¥7 7 (%01, 2, Q?)| ( (‘9)20 i )

« SD s the diffractive S-matrix with the rapidity gap greater
than or equal to Yo. It is descomposed as SP=1-2N+0sp.

« SDjs a complicated object:

Sia (Y, Yo;x01,b) = Z(—l)n Z(—l)k

X / 1] @wors @b [ dwor; d?b;
1=1 9

=1
X ’YBA(X01,7;, X017/ bi) VBA(X01,j7 X017 bj)
X P (Y Yo; {x01,5, bi}) pn(Yo; {x01,i, bs })



Diffractive S-matrix 19
e Fortunately, doing one step in evolution and using the
following cancellations of final state interactions for gluons

with y>Y, (2. Chen, A. Mueller "95)

oy

1

s

|
|
0
|
|

0

« The equation for the single diffraction production in QCD
satisfies again the BK equation, but with different I.C.:

anDA (Y, YO; X01, b) ok 8XS NC
oY 2 w2

28 [SC?A (Y, Yo; %12, b) SC?A (Y, Yo; %02, b) — SC?A X, Y05X01,b)]

I.C. SCIZDA(Y o Y(), YO; X01 b) ==



Solution of KL equation 20
Introducing Scll)A (f, fs) = exp (— QD (f, fs))

e e kP (1 i e_QD(gsjg))

0&,0¢& K

The solution to this equation has the form:

Saa (2) = Sp (2m) Sda(20)

This notation reflects that the production of gluons with
mass My occurs in the dipole-Pomeron scattering
We can use our previous formula found in the elastic case

but for S2. That means we use a=2Q
0SP (Y, Yy)

oY

Then we can calculate quantities such as o5 =



Rummning Coupling BK 21
« we calculate theas Nscorrections to the evolution kernel to
all orders and then complete N ;to the QCD beta function

m@m +m@rlemmm +..,Nf — —6 7 (39 »o-o(l@—@ P

e Here’s the BK equation with the running coupling

corrections (H. Weigert, Yu. K. ’06; I. Balitsky, ‘06):
(?S (Y, X01, b) S Nc

2 Bal/ KW :
d”x2 Krc / (X07X17X2)

oY - 272
X [S (Y;X12vb) S(Y7X027b) ke S(Y7X017b)]
where 5 : (1/22,)
Bal , i 2 L01 Qs\L/Lo2)
KB ) = as(1/edy) | bl + o (57205 — 1)

1 [(as(l/z1,) )]
£ -]
71 (048(1/97(2)2)
There is also the KW prescription, they differ in what we
call the subtraction term.



Rwnming Coupling BK 22
« In the vicinity of the saturation scale where
5’7c2)1 ~ Ty R 55'(2)2 o 1/Qg
we can consider ag(1/z;;) — ag(1/x,) so that
Bal ) % 2 L1
K obr\Xos Xi5 X9) sl dsl Liagh ) ==
Lo2 L12
« The LT equations becomes more complex
85 (Y, X()l,b)
oY

Lo1 2
= S(Y,X()l,b) / $201 5&5(1/33(2)1) (1 = S(Y, XOl,b))
01

Z = /16N Jby¥:P) (Compare it with fixed
where Q2(Y) = A2 oV Rzl coupling case)
« We can try to find a solution with geometric scaling z, but
it will give us (with z = \/16N../b; 2 )
16N, z d*Q(z) d* Q(2)
bo V2V dZz? 2 d z?

= ]_ Y 6_9(2)




Runming Coupling BK 23
« We are not able to find a solution with geometric scaling
(GS) for the model LT kernel. We defined instead a new
variable “zeta”, and wrote the equation in terms of this

variable:
¢ = Y- 1) = ~22Y n(as(@A(Y)/as(1/ah)
O, xg1,D e (C) Q'(Y, ()

d?Qc(¢)  dQ(¢) 2 SR Q)
4 dc? dc e QC(C), Y d(l — 1)

g e—Qc(C)Q/(CJ 2 )

—— Exact — Q
— Eq.IV-8 2.0l — [ -15=0.01

0.25
0.20
— 0.15

——— First iteration —
... Third iteration |, 15/

> 0.10 L
LN
0.05 S 1.0!
0.00
_0.05 \ 0.5|
0 10 20 30 40 O 5 10 15 20 25 3 1 2 3 4 5
4 4 {

« No geometric scaling even with this new variable!



Runming Coupling BK 24
« In general, you need to compute the effects of the “general
corrections” of the approximation. We did this using the

homotopy approach

20)(p)
X[Q(p)] _ 0°Q (Y7 r, b) — 1+ e—Q(p)(Y,r,b)
oY 0l
1/Agep
») d’ry (») L ») L
N [QP)] = ?K(r;'rl,rg)exp — 0 rl,Y;b—§r2 —Q r2,Y;b—§r1
rL>T
0.02! ‘ | | | |
0.008; — Y=5
— Y=10
= 0.00 < 0.006 — Y=15
< < — Y=20
< 002 < 0.004|
\’2 N
004l < 0.002
0.000¢

05 10 15 20 25 3




Runming Coupling BK

e No traveling wave solution ->

1.0}
0.9!
0.8!
0.7!
< 06!
0.5!
0.4!
0.3!

0.0

1.0

1.0}
—— NDy=5 0.9}
........ NO Y=5 0.8}
—— NDY=10 0.7}
-------- NOyY=10 | < 04
—— NO)Y=15 0.5
-------- NO Y=15 | 0.4
| | 0.3
2.0 2.5 3.0 1072
1.0}
0.9 #Rocp=0.005
08 /L . "Aqen=0.005'
0.7¢ , "N\qcp=0.01 -
o6 [/ [ A ,Aacp=0.01
0.5 , "Nqcp=0.05
04 /) fren , Nqcp=0.05
0.3} '
5 10 15 20

racp
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Gluon production at small-x 29

coherent state
of dipoles

( mess of dipole interactions | dipole-gluon | detectors
dipole ,  transitions
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interaction

« The interaction of fast hadron (dipole) with the virtual
photon (v+). The coherence of the partonic wave function
of the fast hadron is destroyed at t = 0, while the gluons
can be measured at t = oo,



The Cut Pomeron

« Goal: To find the multiplicity distributions of produced
gluons in the final states. For that, we calculate first cross
section of productions of n gluons in the final state.

2

« This relation gives us connection between the Pomeron
Green’s function and the cross section of produced gluons
and determines the so-called cut Pomeron.



The Abramovsky-Gribov-Kancheli (A

allows us to calculate the cross sections for production of
n-cut Pomerons if we know Fi: the contribution of the
exchange of k-Pomerons to the cross section

Ok Yo, 1) Za (Y;r,b)

The AGK cutti ng 28
K) cuttmg rules

where

f(—l) (Zk — Q)Fk(Y;r,b) for n =0
k . 3
Foa(Yaxeh) <

k!
L 2% F(Y;r,b) for n>1
—n)!n!

and Fi(2) = Cir G%(2) . The multiplicity distribution of
particles in the final states is the convolution of ok with the
distribution of particles inside k-cut Pomerons

UT{'S'(Y, X1, b Z O_AGK Yiai. b) P"}joisson(k <np(Y)>)

(~1)F



The AGK cutting rules 29

e The l.C. from the GGM formula .
NO(Y = Y4, x01,b) = 1 — exp i P 2(YA,b))

k! 4
k':]- \ ~ _/
AGK — k—n k! k 1 x%l 30 :
oI =¥0) = S0 g (B
S 'n! !
L2 3 = 1
BUETSN I
2 2
e For f =Rk 7 (517()1 QSO) (leg)n - 1 3
2
O'SGK(Y:YA;X()l,b) - b exXp < —ieg >




The AGK cutting rules 30

e General case n=1

- i ¥ k! k
e e b (k — 1)!1! 2" C (Im Garcr)
k=1

=N G e T G, (2ImGBFKL) by
i cgs(zlmGBFKL)QafiKL -+

A

S > >, o) - - - -4
001000101070 SO0ROCK
. . . - - - ~ N
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-

000000 ROV
. - < - - N > S

J
0000000
<

0000000

J
>
U
]
>
U

-
| 0'0'0'0'0'0'0

. -

s ~

O

J @

0000000




The AGK evolution equations 31

« The AGK cutting rules can be replaced by the evolution
equations for o,. From the s-channel unitarity:
2 Im A(Y, X01 b) — |A(Y, X01, b) ‘2 = Gzn(Y, X01, b)
e ForN=Im A
2 N(Y7 X015 b) =SS (Y7 X01; b) T Oin (Y7 X015 b)
« We define a new quantity — the particle production S-
matrix “S, ”: it includes o, along with the no-interaction

term (=1) and all the interaction terms (N and o 4) on

either side (or both sides) of the final state°cut:
Sin:1—2N—|—O'SD—|—ZO'n

« From the final state cancellations, the evotution equation
for S, is of BK type too

0 as 2 L01
aY (¥ %01 Z 27 42 ik e i (Y5 %12, b) Sin( @2 ) (V5 x01 )l

T select fixed multiplicity terms

2

select fixed multiplicity terms



The AGK evolution equations 52

« Replacing S, =1-2N+0sp+2,0, in the equation for the S, -

matrix, we obtain the evolution equation for on:
2

0 Qg x
— 0, (Y;%01,b) = == [ d° -
5y ¢ (Y;%01,b) 5o ol 22, 22,

X |lon (Yixi12,b) + 0, (Yix02,b) — 0, (Y;X01,b)
+ o0, (Y;x12,b) 0sp (Y;X02,b) + 0, (Y;X02,b) 05p (Y;Xx12,b)

n—1

N ZUn—k (Y;x02,b) ok (Y;x12,b)
k=1
— 20, (Yix12,b) N (Y;x02,b) — 20, (Y;%02,b) N (Y;x12,b)



Evolution of onat IargeN e

(@ - B G

B HeRe DERE
+5 %i}”'z{ﬂ} 2~ ‘QJ”

« We can see the equation is linear but with complicated
kernel (KsrxL + 2 - 4 N) and non-homogeneous




FEvolution of onat large N,

e Noticing that
= g AV (s o (O NS =g s (YRS

n

= N o S NG AT et (Y S B e )

n

e we reduceto

0 Qg 12
2o (Vikob) = 25 Py
Y on (¥, Xo1 ) 2T e 33%2 :C%2

X [—on (Y,%01,b) + on (Y, x12,b) S° (Y, Y5 = 2,%02,b)]

—1
T SD (Y7 YO o 27 X12; b) On (Y7 X025 b) + Z On—k (Y7 X025 b) Ok (Y7 X125 b) ]
k=1

e For model LT kernel and GS scaling we have
K di;’;z) = —(z — /dz’SD(z',zo —=2)aE2)

A\

+ 52(z0=2) [dron@) + Y [ don i) on)
k=1
§

A
fo 0



FEvolution of onat large N,

e Defining X,,(2) = /dz’ o,(z"), we can rewrite it as

BTz _ ii(T(z) $n(2)) + Za(2)

dz dz
n—1
Rewriting the sum as Z Sh_k(2) op(z) = : dz Zzn K (

k=1 * —

and introducing S, (2) :/dz Y, (2", we have

2D
SBTaG)

. 45 0)
dz dz

d

dz

dz

T(z) Xn(z)) +

Zzn k

1
2

30



The large n=<n(z)> Solution 3%
« We suggest that the solution has the following form
Yn(2) = ¢(2) exp (—n 2(2))

e Functions @ (z) and ¢ (z) we will find from the equation.
Replacing and taking the large z and n limit we find

o (2 DA 5 D600 B ()

« We can now solve the equation and find for DIS:

on (2) = (¢’ (2) — n¢ (2) @’ (Z))eXp(ncb (2))

KNO structure

n>(n(z)) 2 2° SIS ey but without
graee) (5 : <n<z>>) KNO scaling
where I (£) = 56—5 and (n(z)) = 2ngze o



Entropy of produced gluons 37

e The probability to have n-cut BFKL Pomerons in the final
state is equal to

S e e e .
T il ST e () K (n(z)) \Ij<<”(z)>>

e The probability to have n-gluons in the final state is

PTnguons Z P}?GK P,:O sson (k <nP (Z) >)




Entropy of produced gluons 33

DIS probes only a part of the proton’s wave function

(region A).
@ T AN
B

The new observable of DIS — the entanglement entropy —
is given by the von Neumann’s formula

Se (2 ZP Py (2))

~ In(n(z)) 224 32—

/

2K

In agreement with Kharzeev and Levin (2017) predictions.

Using “local parton-hadron duality (LPHD)”, we have

Y

Shadron e gluons



Homotopy solution 39
» For o, jnregion | (GS) (here SP=A)

mdgcliz(z) = —201(2) + o1 (2) / dZ A(2) + A(2) / d2' o1 ()
e 33
- — (z — /dz’A(z’)) o1(2) + A(z) /dz’al (2")
2 3
N " .
T(Z) /dz’al(z’) = /dz o1(2') — /dz’al(z)
& £
IR, —$,(2)
U S A N DR O
=3 Hda;iz) + T(2)o1(2) — 091 A(z) + A(2)X1(z) = 0



Homotopy solution 10

« We have divided the equation in two parts

yido s = /ﬁzdaallz(z) ORI N R % i e DA

Nelon] = A(z) 21 (2)

o As a solution, we introduce
o1 = (O) i paf) e ) Jf) B
suchthat |0 (p)] + pN¢ilo (p>] — 0

« The Oth iteration is
do}” (2)
dz

Loy n = —T(2)0}"(2) + 001A(2)




Homotopy solution 41

« The solution is a sum of the solution to the homogeneous
part of the equation and the particular solution of the
non-homogeneous one. We obtain

> 2 1 Z
O'%O’I) (Z) — exp (i/dZ/T(Z/)) {O-::[/dz/A(z/) exp (/ﬁ:/dZHT(ZH)> il Cg(bl)}

e &6

A\ 7 \ 7

&0 50D

1 1
where C{" = 56564 exp <—2€£64)

e For the next homotopy iteration we need to account for
the linear terms in p: E[a%o) . pa%l)] + pN¢ [a§0>] =40
« The equation takes the form

dit (4 (1,1) ~,(0)
oo VN, e G PN I




Homotopy solution 42

where 21" (z) = /dz’ (). The general solution is

z

1 P [ : b
0_51,1) (Z) — ——exp (/dZ/T<Z/)) /dZ/A (Z/) Zgo) (z/) exp (/dz’/T(z//))
K K 5

39 £ 33
« In general, the equation for the p-iteration (p21) in
region | takes the form

J(p,) 5 S
LB L el ) A BED ()

with solution

oD () = — lexp (1 /dz’T(z’)) /dz’A(z’) S8 (1) exp (1 /dz"T(z”))
K K K




Homotopy solutionforo,, 4°

« Now we need to add to our definition of L[o1] the non-
homogeneous term

flow) = #2228 L 1G)0,(2) = 000 A() = T Buck (2) 01 (2

e SN e e
= Upiz)

« We solve the equation in a similar way to o3, yielding

07(10,1') (z2) = exp (1/dZ/T(Z/)) {1/61,2’ U, (z/) exp (i/dz’/T(z//>) ¥ Cén)}
K K

13 gs o

A n
1,6

: ) =+*, The formula for the p-iteration is

where ¢{" = (

n!

0P (2) = exp (i/dZ'T(Z’)) {%/dz’(] (2') 2P~V (') exp (i/d%’ﬂ/)) Z ng}

£ 39 &'



Numenrical estimmates

« Ratios of 01, 02, 03 and os for &0A=0, as=0.2, zo=2.
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Numenrical estimates

« Ratios of 01, 02, 03 and os for &0A=0, as=0.2, zo=2.
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Nunnerical estimates 46

e One can see that the first iteration turns out to be rather
large in the small-z region which corresponds to region |I.

e Despite the fact that after an appropriate number of
iterations the corrections become small, the approach
may break down for a sufficiently large n. For this reason,
we use this method only for small values of n.

« We solve the equation in the large-n limit, and study the
possible matching with this solution.



Applications at EIC era a7

« Having these cross sections, we can calculate the
multiplicity moments using Mueller’s formula

(n®(2)) = 03 (2) (np(2))"
where<np(z)> = Y Z
e And therefore, all cumulants can be calculated:
C1(z) = (n(z)) Mean

2 L Third central
Gy (Z) <n3(z)> <n(z3> bl moment of our
C3(2) = (n°(2)) — 3(n°(2)) (n(2)) distributions
e Finally we can obtain the multiplicity distribution of the
produced gluons in the saturation region as follows

< FOV
fm:Z%V”’PU fdxe
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The momentum space approach 43

« We could also solve the evolution equations by going to
momentum space, using the following transformations:

~

N(Y, X01, b) — 56(2)1 / dkT kT J()(kT 3701) N(Y, kT, b)
0

L dr
N(Y,kp,b) = 2 Jo(kr z01) N(Y, %01, b)
0 201

o For the initial condition, we have

’ >dx 1
N =Ya,kr,b) = / = Jo (kT zo1) (1 s (“ T Q?o))
0 01 4

1 k2
I <o, —T>
2 20

This is a positive initial condition.




The momentum space approach49

 For on

FAK (Y kp b) = /
0

o For the initial condition, however

UQG (Y7 kT,b) e / e JO(kT $01) {(2 o O> exXp (— 590(%1 ng)}
0

o1 n!

1 e 1 ks
e e A N S e U
2neXp< 2@zo> 1<2 @zo>

« Unfortunately, this gives a negative initial cross section for
large n. What can we do?

B dil?()l

L01

JQ(]{?T 51301) o (Y, X01, b)

n
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1. Region I

In the region I in Fig. 2| Eq. (IIL8) has the solution which shows the geometric scaling behaviour. For such a
solution both za and o are constant and solution has a simple form:

z—2zL)2 of [* A2
oD Wi, =0 (2) = of*? () exp (- EZS ){; [ i o +cl} (o)
G
R e

where z4 = [ dz’A (2') and of = [;7 dz'o (2') are constant (independent of 6Y). From initial condition at z = zo
1
see Eq. (I.11)) we find: C; o{"" (z) exy ) o 16" exp (—Le"
q 1 P 2 2 P\ 72
Using Eq. (IIL.9) we can find the second iteration of Eq. (IIL6) for N (o1) = N (see Eq. (IIL4). The equation
takes the form:
901" (2) o © / / 150 (1
=~ (z — za)o1 ' (2) — 0y ' (2) [ dZA(Y,2') — A(2) [ d2'oy’ () (I11.10)

Searching for the solution in the form: aﬁl) (Y,r01,0) = &50) (2) z"7§1> (z) we obtain
0T w 0
L e @ EAE) + A [ dol” ()
0 () = / / p p
G (2) =—= dz 1111
P@=--1f T ()
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FIG. 3: Summing large Pomeron loops for diffraction in the dipole-dipole scattering. The wavy lines denote the BFKL
Pomeron exchanges. The orange circles denote the amplitude «. The black circle denote the triple Pomeron vertices. Fig. |3:a
show the single diffraction cross section. For simplicity we put only the BFKL Pomeron exchange for the production of the
mass In Mm1 =Y — Yo1.Fig. 31b describe the double diffraction. Only the BFKL Pomeron exchanges are shown for production
InMo1 =Y — Yo1 and In My,2 = Yo2 — 0. S and S™ stand for S-matrix and its conjugated.
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