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Why we believe in GS 7

1. A natural consequence of one dimensional scale: Qg;

2. For T =17%2Q, > 1 it follows from BFKL and GLAP evolution;

3. Deeply in the saturation region follows from B-K equation at
at fixed ag;

4. Two models with simplified BFKL kernel with fixed ag
reproduce GS:

e kernel in diffusion approximation, B-K reduces to F-KPP
equation with traveling wave solution;

e only leading twist contribution to the kernel, B-K reduces
to wave equation with traveling wave solution;
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Will GS survive if there is an additional dimensional scale?

New scales:

e Running as: Agcps

e DIS with nuclei: @Q; at low energy (initial condition);
Intuition:

e Running ag: violation of GS since conformal symmetry
of the kernel is broken;

e DIS with nuclei: no violation since we expect that deeply
inside the saturation region the solution does not depend
on initial conditions;
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Simplified BFKL kernel
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% for T =7r%Q% > 1; Iogs:(ozs ln(l/r2A220D))
 x(v) = «

\ 1i7 for T =r?Q? < 1; Iogs:<a5 ln(erﬁ))

B-K equation inside the saturation region:
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Solution

where

¢&=1n (Q2(Y)/Q2(Y = Yo) ) =4as (Y — o),

and
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In (erg (Y = YO))

1 —o(Y;
Z(l — e 9 5))
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024 24 _ i(l _ e—cp(y;g))

0z2 Ox2

withz = ¢, + fandx = &, — ¢

1. Traveling wave solution:
do’

¢
)
Po \/C | 2(>\21—n2) (Cbl — 1+ e_¢')

2. Self-similar solution: ¢ = ¢ ({) with { = &;&

PoC) | db(©) 1/
STacz T Tae _Z(l_e )

= KT+ Az

® A.D. Polyanin and V. F. Zaitsev, “ Handbook of nonlinear Partial Differential Equations”,

Chapman & Hall/CRC, 2004
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Initial conditions from = = 2 Q2 > 1:

1
p(t=2=0,2) =¢o; ¢_.(t=2z=0,2) = §¢0;
Finally: traveling wave solution with Kk = 0

£ saturation region
S
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Running ag

BFKL Kernel:
K (ryr,m2) = as (rz) {'r;r% + rl (ZZ Er 3 1> + 'rlg <ZZ E:;; B 1)}

For the region:

raTr, > > 1/Q2 and TR TS T > 1/Q2

rz 2

ag (r?) dr? r? ags (r2) dr
/dz’l",K (’l”, ’I",) s T / S( 12) 1 + . / S( 22) 2
1/Q3(Yab) ,rl 1/Q§(Yab) 7°2

o N(rYib) = [}odr? 0N (1, y;b)

. 8N((;;/Y;b) — N (r,Y;b) (1 _ N(r,Y;b))
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Introducing
2 ag(r’?
I = [T dr’? Sf,z) = e n (1/a5 (r2)> = 2% In (§)

with £ = —In (r2 AgCD) = _¢
We obtain:
%p(r,Y3b) __ 1 — e—qb(r,Y;b)
oY 0l T

Equation for saturation scale:

32N,
Y
b

Solutions:

1. Traveling wave solution contradicts initial conditions
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2. Self-similar solution?!

» > 1

Equation:

82¢(Yal) S 1
oY 0l B

Obvious solution:
¢ (Y,150) = Yl 4+ F(Y) 4+ G(1)
1

1
= Y (U —1) = cdo(el —e) — Z (e — &™) + ¢o
e Main problem with IC;

o No indication on GS;

—  However for £ — £, solution:

£_£8 << Es

Poo (Y, 1;b) > o — 2o (E—€&5) = Po + 2oz

e Solution leads to ¢, < 0, contradicts unitarity?!
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3. Searching self-similar solution: [ ¢ ({) with ¢ =Y (I — 1,)

Equation:
d2
DN (YRR 1(3
d¢? dg
IC:

o, de((=0) 1 1 \/32Nc
B(C=0) =g T = S/t = — o0 /\[Z Y
IC at large Y:

d =0 1
6@=0) =ou LD e = o

Good chance for self-similar solution at' Y > 1
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4. Searching self-similar solution: numerical solution.

No SSS Approaching SSS

Self- similar solution but at unreasonable large (
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5. GS solution in vicinity of the saturation scale.

16 N
b

In terms of z = z equation looks as:

16N, 2 d2¢(Z;b) N d’¢ (2;b)
b V2Y dZz2 d 2

GS for /18fez « 2Y

GS for as(Qs) In(r?Q?) <1

1 — e~ ®(3b)
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DIS with nuclei

£ saturation region
S

Y,= (1/3)In A

IC: McLerran-Venugopalan formula agln(1l/x) < 1; a?g A3 ~1

Na (rZ;Y;b) = 1—exp(—r2Qi(A;Y:YA;b))
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#(©)

Solution: ¢ >1
1

= — or
e, e ’E

e No GS
General solution:

1
¢ (£:8) =88 + Fi (&) + F2 ()

Solutionfort = z < ¢ (£ < 0): ¢1(2) = %22 + %z + o

Solution for t = z > x (£ > 0):
b2 (2,6) =2°/8 — £2/8 + ¢pe* + %Qbofs
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satunation region

no GS

Y,= (1/3)In A

For CGC ( McL-V formula) :
GS for r = 7r?Q% > 1 and r* < 1/Q2(Y Y4)
no GS for 7 = r?Q? > 1 and 2 >1/Q*(Y = Ya)
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BFKL Pomeron Calculus for DIS with nuclei

Goal: discuss Ya>Y > 1
Simplified B-K equation

NBFKL  _ / a2’ NEFKE (r, V3 5 — B') Ta(v))
= Ta(b) / d’b” Ng"EE(r, Y5 b7)
= NZFEL(r) Y5t = 0)Ta(b)

Assumption: b — b’ = b”.

R? (dipole - nucleon) = R + a%(0)Y < R

+oo
Ta(b) = / dz p (b, z)

— OO
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aN]‘i,ff(Z) (r, Yt = O) /
oY (¥ — r’)2 /2

{2N€ff<” (r', Y3t =0) — NSO (r, vt = 0)

— TA) NSV ' vt =0) NS (7= 7' vt = 0) }
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Equation for Y < Y4

+1/ma p2RA x AY3 for Y>Ya;
TA(BY) = [ dzp(v2) =

—1/m= e¥Yp/m forY <Yju;

Y

geometric scaling

” behaviour of the
amplitude

"

|

: violation of the

| geometric scaling
[ behaviour of the

: 515 amplitude

|

|0 3

by = —4as(Y —Ya)and &€ = —¢&, = (1 + 2Vas) (Ya—Y)
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o ¢pforY <Y, @ NyforY >Y

\ saturation region

&
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