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INTRODUCTION DOUBLE LOGS RESUMMED BK

Looking Inside the Nucleons

B Only 5% of the mass of the universe is visible, but 99 % of this visible
matter is described by QCD. This vast bulk of visible matter therefore
comprises nontrivial emergent phenomena to be understood in terms
of the rich dynamics of the QCD vacuum and the interactions of
quarks and gluons.

B Subtle interplay between soft and hard dynamics makes high energy
evolution very interesting.
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INTRODUCTION

The Case of Deep-Inelastic Scattering
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07 Two important limits:
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INTRODUCTION
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[Gribov & Lipatov ’72; Dokshitzer '77; Altarelli & Parisi '77]
Effectively resums ladder diagrams enhanced
by transverse logs
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INTRODUCTION DOUBLE LOGS

Large Energy Logs Enter the Game
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INTRODUCTION

Corrections to Born Scattering Lipatov’s Ansatz

[Lipatov’76]
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INTRODUCTION DOUBLE LOGS

The BFKL Equation

F(z, Q%) = FO(z, Q%)+ / /dk Kerxw(Q% k2)F (z k2)

g(x,Qz)—/—e(Q k) F (x, k2);

KBFKL = as {(Qlk) k)/ ]

[Fadin, Kuraev & Lipatov '75,76,77; Lipatov’76; Balitsky & Lipatov '78]

ku72a Tn—2

">k >k > k>
Sk~ ki~ k)~

o Multi-Regge-kinematics not satisfied in all regions of transverse

integration

e Pay attention to evolution variable! Y =In ( ) =1In (E 8—2)
) 0
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INTRODUCTION

The Interplay Between DGLAP and BFKL
Evolutions

Connections Between Collinear

and Regge-Limit Expansions

Powers resummed up to n'™ perturbative order by

® One can use one expansion to
() LODGLAP X LO BFKL predict the leading log terms in
. the other expansion in a certain
hlj(l/ﬂ,’) limit:

B BFKL—DGLAP
" x x x . x ® T [Jaz~osz;>icz"82; Catani, Fiorani &
- . . Marchesini’90]
nel x x x ® @ B DGLAP—BFKL

[Salam’98; Altarelli, Ball & Forte’00;
Kotikov & Lipatov’03; Balitsky,

9 x x ® LI @ @ . Kazakov & Sobko’13]¢
® This connection has also been
1 x ® @ 000 @ @ 000 extended to strong coupling:
[Kotikov, Lipatov, Rej, Staudacher &
0 ® @ @ A @ @ - Velizhanin’07; Hatta, Tancu &
Mueller’07; Stasto’07; Kotikov &
0 1 2

n—1 n 1111(Q2) Lipatov’13]
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INTRODUCTION

Mind the Anomalous Dimension

It is convenient to dlagonalize the evolution equation via Mellin
transform (p = In —)

Q2
F(p,Y) :/%ewy/%(fmﬁ(%w)
A 70
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(613 )\ — ach
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The Kinematic Map of QCD
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INTRODUCTION
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INTRODUCTION
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INTRODUCTION DOUBLE LOGS

Towards Saturation: Eikonal Scattering and the
Dipole Picture

B At very high energies the scattering of a fast projectile is given
by the eikonal approximation: it amounts to picking up a phase
given by the Wilson line U, = Pexp [ig JdztAZ (=T, a:)T“]

Dipole Scattering Amplitude
T=1-S5
4 A

o U0 (2, )T (@, y) Ui (@)U (y) o [T (2, )2 Sayy

B Mixed representation
{z1,k*} well-suited for
high-energy scattering
(diagonalizes shockwave
interaction)

Dipole Factorization

[Nikolaev & Zakharov ’91; Mueller '94]
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INTRODUCTION DOUBLE LOGS

f : Yy : Yy
Gl = e e S e G e

Balitsky-Kovchegov (BK) equation
e Tames the Growth:

aYTmy = 7(217; fz MmyZ[Tmz + sz - Tmy *Tszzy]; Saturation

M _ (w—y)? ° Generates. dynamical
TYZ T (z—2)%(2—y)? perturbative scale Qs

[Balitsky ’96; Kovchegov 98] L4 Geometric Scahng
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INTRODUCTION

Beyond BK

Balitsky-Kovchegov equation also emerges as
mean-field-approximation of JIMWLK formalism

c b
R

1
BJ/

[Jalilian-Marian, Kovner, McLerran & Weigert '97; Iancu, Leonidov & McLerran '01]
Actually, BK and JIMWLK predictions for dipole scattering amplitude
turn out to be very similar [(Kuokkanen, Rummukainen & Weigert *08]
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DOUBLE LOGS

The Issue with NLO Corrections

o Tour-de-force computations of NLO corrections to BFKL [radin & Lipatov
'98; Camici & Ciafaloni '98], BK [Balitsky & chirilli 08] and JIMWLK [Balitsky &
Chirilli *13; Kovner, Lublinsky & Mulian *14] €quations. NLO accuracy
indispensible for sensible phenomenology.
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INTRODUCTION DOUBLE LOGS

The Issue with NLO Corrections

o Tour-de-force computations of NLO corrections to BFKL [radin & Lipatov
'98; Camici & Ciafaloni '98], BK [Balitsky & chirilli 08] and JIMWLK [Balitsky &
Chirilli *13; Kovner, Lublinsky & Mulian *14] €quations. NLO accuracy
indispensible for sensible phenomenology.

e Large size of the NLO corrections found in BFKL equation, that would
deprive it of its predictive power and lead to instabilities [ross ‘9s].
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INTRODUCTION DOUBLE LOGS

The Issue with NLO Corrections

o Tour-de-force computations of NLO corrections to BFKL [radin & Lipatov
'98; Camici & Ciafaloni '98], BK [Balitsky & chirilli 08] and JIMWLK [Balitsky &
Chirilli *13; Kovner, Lublinsky & Mulian *14] €quations. NLO accuracy
indispensible for sensible phenomenology.

e Large size of the NLO corrections found in BFKL equation, that would
deprive it of its predictive power and lead to instabilities [ross ‘9s].

e No reason to expect lack-of-convergence problems to be attenuated by
non-linear terms in BK-JIMWLK equation [Triantafyllopoulos '03; Avsar,

Stagto, Triantafyllopoulos & Zaslavsky ’11].

wear Resummation in High-Energy Evol M/CSIC Madrid



INTRODUCTION

DOUBLE LOGS RESUMMED BK

The Issue with NLO Corrections

Tour-de-force computations of NLO corrections to BFKL [radin & Lipatov
'98; Camici & Ciafaloni '98], BK [Balitsky & chirilli 08] and JIMWLK [Balitsky &
Chirilli *13; Kovner, Lublinsky & Mulian *14] €quations. NLO accuracy
indispensible for sensible phenomenology.

Large size of the NLO corrections found in BFKL equation, that would
deprive it of its predictive power and lead to instabilities [ross ‘9s].

No reason to expect lack-of-convergence problems to be attenuated by
non-linear terms in BK-JIMWLK equation [Triantafyllopoulos '03; Avsar,

Stasto, Triantafyllopoulos & Zaslavsky ’11].

Origin of large NLO corrections identified to come from large
transverse logarithms. Several procedures devised for all-order
resummation of large logs and stabilization of the kernel [satam >9s;

Ciafaloni, Colferai, Salam & Stasto '03; Sabio Vera ’05].
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Double Transverse Logs in BK

025 025
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Large corrections and instabilities in NLO BK traced back to double
transverse logs [Lappi & Mantysiari '15]:

a.
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INTRODUCTION DOUBLE LOGS

The Goals of Our Work

@ Identify the diagrammatic origin of double logarithmic
corrections and its relation to the ’kinematic constraint’
[Ciafaloni '88; Andersson, Gustafson & Samuelsson '96; Kwiecinski, Martin & Sutton '96; Beuf

’14].
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INTRODUCTION DOUBLE LOGS

RESUMMED BK

The Goals of Our Work

@ Identify the diagrammatic origin of double logarithmic
corrections and its relation to the ’kinematic constraint’
[Ciafaloni '88; Andersson, Gustafson & Samuelsson '96; Kwiecinski, Martin & Sutton '96; Beuf
*14].

® Implement directly the collinear resummation in coordinate
space, as required by non-linear structure of BK equation.

rear Resummation in Energy Evolution

M/CSIC Madrid

niel MADRI



INTRODUCTION DOUBLE LOGS I

RESUMMED BK

The Goals of Our Work

@ Identify the diagrammatic origin of double logarithmic
corrections and its relation to the ’kinematic constraint’
[Ciafaloni '88; Andersson, Gustafson & Samuelsson '96; Kwiecinski, Martin & Sutton '96; Beuf
'14].

® Implement directly the collinear resummation in coordinate
space, as required by non-linear structure of BK equation.

® Express the resummed evolution equation in terms of a local

(energy-independent) kernel, as compared to non-local in rapidity
proposals otyka & Stasto *09; Beut *14]
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INTRODUCTION DOUBLE LOGS RESUMMED BK

The Goals of Our Work

@ Identify the diagrammatic origin of double logarithmic
corrections and its relation to the ’kinematic constraint’
[Ciafaloni '88; Andersson, Gustafson & Samuelsson '96; Kwiecinski, Martin & Sutton '96; Beuf
*14].

® Implement directly the collinear resummation in coordinate
space, as required by non-linear structure of BK equation.

® Express the resummed evolution equation in terms of a local
(energy-independent) kernel, as compared to non-local in rapidity
proposals otyka & Stasto *09; Beut *14]

@ Show the relevance of our collinear resummation for BK equation
studying its numerical solution and precision fits to DIS data.
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DouBLE LoGs

(Naive) DLA Limit of the BFKL Equation
BFKL Equation (T'=1- 5,7 < 1)

By Tay (V) = 22 / 022 Maye[Toz (V) + Tey (Y) — Tay (V)]

2
z-integration becomes logarithmic when daughter dipoles are much larger
than the original one (jz — z| ~ |z —y| >r = |z — y|)

Mayz =~ r2/(x — 2)* and Tpz ~ Ty x z2; negligible virtual term.
Writing Ty (V) = 12 Q3 Azy — m2Q3A(Y, %)

2 I/QU dZ
A(Y, %) = A(0,7%) +ozs/ le/ —AY1 %)

(NaIvE) DLA EQUATION (resums powers of @Y p, p = In[1/r2QZ] to all
orders)
A(Y, p) = Io(2y/@sYp)
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DouBLE LoGs

Computation of Time-Ordered Diagrams

e Lifetime of gluon fluctuation 7, = 2p™ /p* = 1/p~

e Eikonal approximation p™ > kT

g*N?

*m / SxuSuzSzy

uz

. / eip»(u—x)ei[r-(x—u)eik‘(z—y)eif:-(u—z) p-p k-k

- p2p” 121
ppki
q* qt
E dp+ p+ p+
o ot kB gty et B=R2
et o+ pT+kTm ptt+k Z
0

-Energy Evolution

P+ _ Tp
pt+ k+£—§ Tp + Tk
)1 in BFKL
" |1©(r — 7%) in DLA
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DoOUBLE LoGs RESUMMED BK

Real-Real Contribution

(55)2 quE q+@

ﬂ q(;r k+ s p+ /’uz Mmy’u' [Muyzsmusuzszy + Mmuzsmzszusuy]

xO(p e’ —k'z%),  a=max(u—x||u-yl); z=max(|z - ||z -y

Virtual-Real Contribution

+ +
Qs 2 dkt ¢ dp+ S -
- I+ TYU xzyzPxrzPz —k

(271') af k+ S+ pt /UZM yuMayzS822524O(p" 4 Z)

To DLA accuracy MuyzMazyw ~ ﬁ;—; and 1 — SpuSuzSzy ~ Tuz + Ty ~ 2T(22)
and we generate logarithmic phase space

52
2 qa2 gt 52 2
Zml —mi ) =yp- £
/ / / @ (“k+ “a?) ’T
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DouBLE LoGs

Cancellation of Anti-Time Ordered Diagrams in DLA
—— =~ (1, — 7p) are

Anti-time ordered graphs, involving factors pf;_—k, ~
also potentially enhanced by double transverse logs
2 2

dp* / da? | 7
=/ —n_=%
u 2

FELE-1

However, double logs cancel in the
also explains the peculiar way double logs arise in (Balitsky & Chirilli *0s]
M/CSIC Madrid :

Energy Evolution
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DouBLE LoGs

DLA Evolution for the Scattering Amplitude and the
Lifetime Ordering Constraint

We conclude that perturbative corrections enhanced by double
logarithms Y p or p? can be resummed to all orders by solving a
modified DLA equation involving manifest time-ordering

1/Q8 452 gt oy dkt
A(q+7 7'2) = A(O]z) + Qg / ig i jA(kJr 22)
Jr2 2% Jgt k

As it stands, this equation is non-local in rapidity

P
Iy A(Y, p) = a / dp1A(Y — p+p1,p)
0
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RESUMMED BK

Towards a Resummed Rapidity-Independent Kernel
e By direct iteration of the modified DLA equation, we get

P
AY, p) = / o1 f(Y, p— pr) A, 1),

o Ak (Y — p)kpht

f(Y,p)=5(p)+@(Y—p) k'(k—].)'

k=1
=\/2L=2 1, (2/a,(Y—p)p)

e This can be written in integral representation:

fY,p) =0 —p)f(Y,p);

_ %Jrioo =
foro = | oxp | 1220 =)+ (1= 9
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DOUBLE LOGS RESUMMED BK

The Local Kernel in DLA Approximation

A change of variables brings this as usual Mellin representation

f(Y.p) :AdiJ(’Y)eXp[@sXDLA(’Y)Y+(17’y)p}

271
5 g 1 1 R - o
OésXDLA(’Y)—i[_( -7+ (1=7)?2+ O‘S]—(lfw)_(lfw):s"_"'
J(’Y):l_aSX/DLA(’Y):l_mJ’_'”

Mellin representation and exponentiation in Y ensures the existence of an
evolution equation for f (and thus for A) with an energy- independent
kernel Kpra (p) defined as inverse Mellin of xpra ()

Coincides with momentum-space kernel proposed by (sabio vera 05);
compare with non-local approaches in (saiam 'os; Motyka & Stasto *09; Beut '14].
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RESUMMED BK

The Change in the Initial Condition: Impact Factor
Resummation

Jacobian of Mellin transform induces also resummation in the initial
condition (~ impact factor):

2 -
A0, p) = /0 dp1f(0,p — p1) A0, po),

f(0,p) = 0(p) — VasJi(2v/ asp?).

[A(Y, p) coincides with physical amplitude A(Y, p) for Y > p
1
A0 =12 [1+J0(p)] for A0,p) =1,
7p =
E[1+30(0) + 2 Ho(p)11(p) — S H1(p)Jo ()] for A0, 0) =p,

Collinear Resummation in High-Energy Evolution
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RESUMMED BK

Resummed BFKL/BK Evolution

oT. sz z—1y)> 2 T T T I
Y _ / ﬁ(fyg (T’min)((iy)(Tmz + sz - Twy - T:cszy)

oY z—2)%(z—y)?
(:B — y)2 TasA; IC | (7 )
min{(z — 2)2, (y — 2)2} DLA (Pzy=z

[Tancu, JDM, Mueller, Soyez & Triantafyllopoulos ’15]

B Written in terms of a rapidity-independent kernel
J1(24/@sp2,. .
= w, as compared to previous

Kpra (ﬁ(.’l), Yy, z)) = W

strategies [Motyka & Stasto ’ 09; Beuf '14] (see also [Sabio Vera ’05]).

B Nontrivial resummation involved for the initial condition as well.
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RESUMMED BK

(U I— 0 T T T T T - 0 T T T ]
10 10 (b) NLO 10 (c) NLO+resum
10! 100 F 6,025 10! 3=0.25 ]
102 102 F E 102'E e
5 10° S 10° E S0k E
o4 F o4 L ] F g4 L 3
107F —— vo 0 F —— v=0 Lo
5 Y=4 5L Y=4 1 5L E
10 Ny 10 = 10
108 F —— Y=12 J 108 | 5 108 b E
Y=16
10-7 Il L Il 1 Il 10-7 Il Il Il 1 Il 10-7
5 0 5 10 15 20 25 5 0 5 10 15 20 25 5 10 15 20 25
L=log(1/r?) L=log(1/r) L=log(1/%)

Initial condition of MV type A(0, p) =1
Reduction of phase-space coming from time-ordering and giving rise
to collinear double logs leads to a considerable reduction in the speed

of the evolution

For p > Y, expected physical behavior T oc e™*
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DOUBLE LOGS RESUMMED BK

Impact on Phenomenology: Rapidity Dependence of
the Saturation Momentum

18 T T T T T T T T T 1.1
= 1
el +resum
14 | i 09 -
g 12f g x 08r
= 2 o7}
g or J % 06
= %) 6 [
o 8 ke
S S 05
8 &1 T S o4}
4t . L i
03 -
2| 05=0.25 02 NLO-+resum 7
0 1 1 1 1 1 1 1 1 01 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Y Y

The growth of the saturation scale with Y is considerably reduced by
the resummation: for sufficiently large Y, the saturation exponent

As = i@i )Smaller by factor 2 compared to LO BFKL (asymptotically,
As ~ 0,55).
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DOUBLE LOGS RESUMMED BK

Including Single Transverse Logarithms

Taking collinear limit 1/Qs > |z — x| ~ |z —y| ~ |z — u| > |u — z|
~ |u —y| > r = |x — y| of NLO BK evolution, one gets

T 1/Q2 2 2 11 2
dd}(:n):(s'/r2 dﬂz (1720151112%712045111,2 )T(z)

1z Coefficient A; = 11/12 of the single log related to DGLAP
anomalous dimension: y(w) = = — A; + O ( , NJ)

i Can be taken into account to all orders by shifting the anomalous
dimension of the resummed kernel.
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DOUBLE LOGS RESUMMED BK

The Running Coupling Prescription

Running coupling log is resummed by making &g — avs(r?)

Qmin
Qtac Ix=yl=1 [x=yl=1
00 dgal ¢=r1/6 00 E |x-z|=1.5
0 1 2 3 4 0 Iz 2 34 3
Ix-2| ¢

Different prescriptions:

e Smallest Dipole:
dmin:as(rmin)7 T'min :min{lw_yly‘m_zL'y_z‘}

1 + (z—2)2—(y—=2)? asﬂwle)fas(mfzn]
as(Jz—l) (z—y)2 as([e—z))as(y—zI)

o FAC: Gtac = [

e Balitsky: apa =

as(lz—z|)—as(ly—z|) as(|e—z|)(y—2z)%—a. (Jly— —2)?
as(|z — yl) [1+ és(‘(\mm—zz‘)\)ds(lejy—zz\)‘) (lz—=])(y z(;_z)z(ly z|)(z—=2) }

M /CSIC Madrid J niel MADRI
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DoOUBLE LoGS RES ) BK HERA FiTs

Market of Initial Conditions

We get successful fits with two kinds of initial conditions:
v¢ Golec-Biernat—Wiisthoff (GBW)

o -] (2]}

%¢ Running Coupling McLerran—Venugopalan (rcMV)

o= 1o - (Lo (22)) ]}

1

bN 1n[4cg/(r2A§\,f )]

The running of the coupling is given by as(r) =
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DOUBLE LOGS RESUMMED BK HERA FiTs

From Dipole Amplitude to Cross Section:
Parameters in the Fit

o) (R —27rR2Z/d2 / dz|OY(r, 2, Q)T (r, In 1/ )

Q2 |:O_7*p+ 2(1 7y) W*p:|

Ored = 7471_20[6"1 1 T (1 — y)2 g

Fp=2(1+4m7/Q°) (we take &. < 0,01); Fr = %UZ*P
e 3 light quarks and charm all treated on the same footing (good fits for
Muy,d,s = 50 — 140 MeV and m. = 1,3 — 1,4 GeV)
Just 4 free parameters:
B R,: proton radius
B ()o: target’s inverse transverse size
B p: steepness of the amplitude towards saturation

B C,: fudge factor in the running coupling
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HERA FiTs
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DOUBLE LOGS RES HERA FiTs

How the Fits Look Like
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DouBLE LOGS RESUMMED BK

How the Fits Look Like

init RC sing. ? per data point parameters

cdt. schm | logs Ored oty I R,[fm] [ Qo[GeV] Cy P
GBW | small | yes 1.135 | 0.552 | 0.596 | 0.699 0.428 2.358 | 2.802
GBW | fac yes 1.262 | 0.626 | 0.602 | 0.671 0.460 0.479 | 1.148
rcMV | small | yes 1.126 | 0.565 | 0.592 | 0.707 0.633 2.586 | 0.807
rcMV | fac yes 1.228 | 0.647 | 0.594 | 0.677 0.621 0.504 | 0.541
GBW | small | no 1.121 | 0.597 | 0.597 | 0.716 0.414 6.428 | 4.000
GBW | fac no 1.164 | 0.609 | 0.594 | 0.697 0.429 1.195 | 4.000
rcMV | small | no 1.093 | 0.539 | 0.594 | 0.718 0.647 7.012 | 1.061
rcMV | fac no 1.132 | 0.550 | 0.591 | 0.699 0.604 1.295 | 0.820

init RC sing. X2 /upts for Q2
cdt. schm | logs 50 100 200 400

GBW | small | yes 1.135 | 1.172 | 1.355 | 1.537
GBW | fac yes 1.262 | 1.360 | 1.654 | 1.899

rcMV | fac yes 1.228 | 1.304 | 1.377 | 1.421
GBW | small | no 1.121 | 1.131 | 1.317 | 1.487
GBW | fac no 1.164 | 1.203 | 1.421 | 1.622
reMV | small | no 1.093 | 1.116 | 1.106 | 1.109
rcMV | fac no 1.131 | 1.181 | 1.171 | 1.171
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HERA FiTs

What the Fit Tells Us

B Very good quality fits for the most recent HERA data
(H1+ZEUS combined analysis) for o, : x* per point ~ 1.1-1.2
B Very discriminatory

Favors Disfavors
© S

physical prescriptions for running
(FAC, smallest dipole)

physical values of fit parameters anomalous dimension >1

Balitsky prescription for RC
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Summary

e In the LHC, very low values of z will be probed in pp, pA and
AA collisions, providing a great opportunity to understand the
high-energy dynamics of strong interactions.
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Summary

e In the LHC, very low values of z will be probed in pp, pA and
AA collisions, providing a great opportunity to understand the
high-energy dynamics of strong interactions.

e Our study assembles for the first time all the important
contributions to high-energy QCD evolution: rapidity/energy
logs, collinear double and single logs, running coupling and
saturation
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Summary

e In the LHC, very low values of z will be probed in pp, pA and
AA collisions, providing a great opportunity to understand the
high-energy dynamics of strong interactions.

e Our study assembles for the first time all the important
contributions to high-energy QCD evolution: rapidity/energy
logs, collinear double and single logs, running coupling and
saturation

e We identified the diagrammatic origin of double transverse logs
and show how to resum them into a local kernel
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DOUBLE LoGS RES ) BK A S CONCLUSIONS

Summary

e In the LHC, very low values of z will be probed in pp, pA and
AA collisions, providing a great opportunity to understand the
high-energy dynamics of strong interactions.

e Our study assembles for the first time all the important
contributions to high-energy QCD evolution: rapidity/energy
logs, collinear double and single logs, running coupling and
saturation

e We identified the diagrammatic origin of double transverse logs
and show how to resum them into a local kernel

e We provided very solid and discriminatory fits to high-precision
DIS data
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DOUBLE LoGS RES ) BK A S CONCLUSIONS

What Next?

® Double Logs in an Arbitrary Frame: Symmetric v*v* Scattering
® Introduce Energy-Momentum Conservation (y(w = 1) = 0)
® Resummation of Impact Factor in k£, Factorization

® Collinear Resummation in Inclusive Forward Hadron Production

[Stasto, Xiao & Zaslavsky’13; Altinoluk, Armesto, Beuf, Kovner & Lublinsky’14]

® Adding Pure NLO Terms in BK Equation
® Performing Full Matching with DGLAP

@ Use of the Extracted Dipole Amplitude in Processes Like:
particle multiplicity in hadronic collisions, the diffractive
structure functions, the elastic production of vector mesons, or
the forward particle production in heavy-ion collisions
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Back-Up Slides

Collinear Resummation a la Salam

Double Mellin Representation for BFKL Green’s function

| PR Gy e dy (s “ 1
G(k,ko,Y) = — v
( s ) k2 L—im 27” —300 2mi <kk0> i w— KJ(W, 7) §

p =In(k?/k3); (w,v) = a.x(7) + @xa(w,) + -

Matching with DGLAP through identification of relevant evolution
variable for k% > kZ and viceversa: w-shift

+i 3+ w
G(kyk()aY) — i/\a i dw 2T d’y (i) e(7+w/2)p 1
a

k2 ) i 2mi 1ice 2mi \K? w — k(7y,w)
_ / O dw [ dy (N e L
k2 Joiioo 20 Ji_soo 2mi \ K2 w — k(w,y)
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Back-Up Slides

Dipole Scattering Amplitude
Glauber-Mueller Formula for Dipole S-Matrix

501 = [

(T(r) ~ 1 for r > é (black disk limit); T'(r) ~ 0 for r <« & (color
transparency)

GBW Model for Dipole Cross Section

S40 _ g [1 - <_Q4(”5>ﬂ Q=@ (%)

AAMQS Parametrization

i) = 1 e[ PO (L)
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Back-Up Slides

Saturation Momentum

Gribov-Levin-Ryskin Estimate

1 apfl
Qs ~ a?Aqep (x)

DLA Estimate of Rapidity Dependence of Dipole Scattering
Amplitude (r < 1/Qs)

T(r,Y) ~ (TQSO)Q(dsy)1/4P_3/4 exp[2v/2a,Y p]
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Back-Up Slides

BFKL Green’s Function, Dipole Amplitude and
Unintegrated Gluon Distribution

o (ridrh)
2

Y 2.0 12,1 ~ Il -
T = /d r1d raG(re, ro; 1y, o YV)e

T172

2 ~
- [ G —e*f @) =0
NS |
)

Gri,ro;my, 1Y) = / d?kd?k/ ek 1z gk (riz=Turz)

a(K)$(k,Y) = Z2S KT (k)

x (1— e*i(k+q/2)-mz)(1 _ ei(*k+q/2)'r12)

xG(k+q/2,—k+q/2;K' +q/2, -k +q/2;Y)
X (1 i ei(k+q/2)~7’1/2/)(1 _ e—i(—k+q/2)‘r1/2/)
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DoOUBLE LoGS RESUMMED BK SRA S Co SIONS Back-Up Slides

Completing DLA to BFKL/BK Evolution

We can now easily promote our local DLA equation to easily include NLIL

BFKL/BK:
@ T(Y,p) = e P A(Y,p)
® Return to transverse coordinates: p = ln(l/erO) p1 =
In(2%/r%); T(Y, p) = Ty (Y); 2T(Y, 2%) = Tz (Y) + Ty (Y)

® Restore full dipole kernel Z—isz — %Mmydez

@ Introduce the virtual term and temove IR and UV cutoffs in the z
integration

® Replace the argument of Kpra by In j—z — \/LazrLyzr, with
Lozr = Inl(@ - 2)*/( — y)?]
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