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2. Phenomenological analysis of geometric scaling (with C. A. Salgado and U. A.
Wiedemann, hep-ph/0407018).
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e Linear evolution equations: Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
in In 2, Balistky-Fadin-Kuraev-Lipatov in In (1/z).
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e Linear evolution equations: Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
in In 2, Balistky-Fadin-Kuraev-Lipatov in In (1/z).

e First (twist-four) non-linear correction:
Gribov-Levin-Ryskin-Mueller-Qiu in In ()? (GLR, PR100(83)1; MQ, NPB268(86)427).
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e Linear evolution equations: Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
in In 2, Balistky-Fadin-Kuraev-Lipatov in In (1/z).

e First (twist-four) non-linear correction:
Gribov-Levin-Ryskin-Mueller-Qiu in In ()? (GLR, PR100(83)1; MQ, NPB268(86)427).
e Non-linear, all-twist evolution equation in the saturation region:
Balitsky-Kovchegov in In (1/x) (B, NPB463(96)99; K, PRD60(99)034008).
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e Linear evolution equations: Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
in In 2, Balistky-Fadin-Kuraev-Lipatov in In (1/z).

e First (twist-four) non-linear correction:
Gribov-Levin-Ryskin-Mueller-Qiu in In ()? (GLR, PR100(83)1; MQ, NPB268(86)427).
e Non-linear, all-twist evolution equation in the saturation region:
Balitsky-Kovchegov in In (1/x) (B, NPB463(96)99; K, PRD60(99)034008).
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Y =In(zog/x), as=asN./7, y=asY, r=x1 —x2, b= (21 + 22)/2;

Vi(zy, 24 = 0) = Peid ) d=-T AT (z1,2-).

N(zi,22) = N ! <tr [1 — V;(%l)VF(SEg)}>

)
target
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2. Phenomenological analysis
of geometric scaling

(with C. A. Salgado and U. A. Wiedemann,
hep-ph/0407018)

e Scaling Iin Ip and |A.
o Multiplicities in AA.

e Ratios at forward rapidities in pA.
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e Geometric scaling in Ip
collisions for x<0.01 (sGBK,
PRL86(01)596) Strongly suggests
saturation.

Geometric scalina: Phenomenoloaqyv vs. results from BK: 2. Geometric scalina. — p.6



SCa|Ing Iﬂ Ip a.nd IA (I) Néstor Armesto

g,z

e Geometric scaling in Ip
collisions for x<0.01 (sGBK,
PRL86(01)596) Strongly suggests

saturation.
A: - - e It is best discussed within the
R /A\ /A\ dipole model.
O'TL z, Q%) /dr/dz]lll “r,2)|? 2/deh(r,aj;b) :
agip(r,m)
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sional arguments lead to
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e Geometric scaling and dimen-
sional arguments lead to
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e With )\, 6 determined from Ip, IA,
No = 0.47, Npare < A, and using
LPHD,

Centrality and energy dependences factorize.
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Centrality and energy dependences factorize.
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e Factorized ansatz with scaling
gluon distribution ¢4 ~ & = o7 P.
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e Factorized ansatz with scaling
gluon distribution ¢4 ~ & = o7 P.

e Gluon distribution in the deuteron
Is taken ¢, ~ 1/k', n > 1, and
Neon, =13.6 0.3, 7.9 £ 0.4,

Neont, = 3.3 4+ 0.4.
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O 05 1 15 2 25 5 35 4 45 5
p: (GeV)
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Data: BRAHMS, nucl-ex/0403005.
e Factorized ansatz with scaling i
gluon distribution ¢4 ~® =07 P, * 1

e Gluon distribution in the deuteron
Is taken ¢, ~ 1/k', n > 1, and
Neon, =13.6 0.3, 7.9 £ 0.4,

Neont, = 3.3 4+ 0.4.

dAu dAu
dN¢; dNg;
Ncolh dnd2pt Ncollg dnd2pt g
 Neoy,#a(pe/Qs,er)  Neotl, ®(7ey) 0

~ R |
Neotty @4 (pt/Qs,c;)  Neoll, P(7e,) oo LHC/_’/
0.5 /

e Qualitative agreement (# adjusted - — =0
parameters=0), Y- and centrality 0.25 F o n=5
dependences in the right direction. %o R

7\\\‘\\\\ [ [ L L L L L L1 L L1 L
O 05 115 2 25 35 35 4 45 5
Caveat: no Cronin. o, (GeV)
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3. Features from the BK equation

(with J. L. Albacete, J. G. Milhano, C. A. Salgado
and U. A. Wiedemann, hep-ph/0408216)

e Scaling, N(Y,r) = N(7 =rQs(Y)) for Y > 1 (backup).
e Small » behavior (backup).

e Rapidity dependence of ().

e Nuclear size dependence of Q.

Note: results not yet with »-dependence. We have
examined values of Y and A from small to huge.

Aim: study the transition to asymptotics.
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Rapldlty dependence Of QS Néstor Armesto

2 10%°
> 102" EZ —— Fixed 0,=0.4
— __ Fixed@,=0.2
24 _ B
10 - Running K1, @,=0.4
1021 -.-.- Running K2, @,=0.4
18 - Running K3, 6,=0.4
107" =
10%° EI
10%? EI
10° ;
10° &
10° &
1 —; | | | | | | | | | | | | | | 1 1 | 1 1 1 1 | 1 1 | 1 | | | | | |
0 5 10 15 20 55 20 o
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Rapldlty dependence Of QS Néstor Armesto

2 10 =
S 107 E — Fixedd,=0.4
— __ Fixed©,=0.2
024 - . _
1 i Running K1, a,=0.4
1020 -.-.- Running K2,d,=0.4
18 - Running K3, 6,=0.4
107 =
1015 E:
10*° =
10°
10°
10°
1 —_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 5 10 15 20 25 30 35
Y

d ~ 4.57 (expected d = 4.88 (1M, NPA708(02)327)).
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Rapldlty dependence Of QS Néstor Armesto

2 10%° =
S |0 E —_ Fixed,=0.4
— __ Fixed@,=0.2
24
10 - Running K1, 0,=0.4
1020 -.-.- Running K2,d,=0.4
18 - Running K3, 6,=0.4
107"
1015 E:
10*? EI
10°
10°
10°
1 —_ 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | | | | | | | | | | | | 1 1 |
0 5 10 15 20 25 30 35
Y

e N(r=Q;4Y)) = 1/2. For fixed a,, Q*(Y) = Q*(Y = 0) exp [da,Y];
d ~ 4.57 (expected d = 4.88 (1M, NPA708(02)327)).

e For running o, Q2(Y) = A% exp |[A'VY + X|; A’ ~ 3.2 (expected
A" = 3.6 (M, NPA708(02)327)).
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Rapldlty dependence Of QS Néstor Armesto

2 10%° =
S |0 E —_ Fixed,=0.4
~ ___ Fixed@,=0.2
24 [~
10 - Running K1, 0,=0.4
1020 -.-.- Running K2,d,=0.4
18 - Running K3, 6,=0.4
107"
1015 E:
10*? EI
10°
10°
10°
1 —_ 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | | | | | | | | | | | | 1 1 |
0 5 10 15 20 25 30 35
Y

e N(r=Q;1(Y)) =1/2. For fixed a,, Q2(Y) = Q%(Y = 0) exp [da,Y];
d ~ 4.57 (expected d = 4.88 (1M, NPA708(02)327)).

e For running o, Q2(Y) = A% exp |[A'VY + X|; A’ ~ 3.2 (expected

A" = 3.6 (M, NPA708(02)327)).

e Linear fit for running oy, — das, ~ 0.28 for Y ~ 10 (LGLM, NPA696(01)851; T,
NPB648(03)293 // KMRS, hep-ph/0406135; KS, hep-ph/0408117; CLSV, hep-ph/0408333).
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Nuclear size dependence of (),

103 = P
2 = ""‘
QzA - QLOAM Y=0,10,40,72 e )
o [ ee. QDA c=117 Pt )
100 =
10
1E 1 .
1 10 AL
Q2
SA —
ABZ AY3=3, 6, 10, 20, 50
Q,
1 S
10" —
B 1 1 N N 1 1 1 N 1 N N 1
0 10 20 30 40 50 60 70Y

Néstor Armesto
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N UCI ear Sl e dependence Of QS Néstor Armesto

103: P
Q? = 2 W vinamanae e
SA o QsAD A Y=0,10,40,72 Le®
Q? ~ 2 213¢ .t
sp enn QaUA™™, c=117 _e*t
0°=— et
— -
- .t
= et T
- e
-
10 = "‘-
= *
= "“
C et
R AP
¢“‘
1
E . . . . . N | . . .
1 10 Al/3
2
QU | 13
1U3~2 A~"=3, 6, 10, 20, 50
A Qsp
\\\
10" —
_ R N B S S R R
0 10 20 30 40 50 60 70Y

For fixed a4, the initial A-dependence is preserved.
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N UCI ear Sl e dependence Of QS Néstor Armesto

10°

+
®
-
.
.
-
.
-
-
-
.®
-

, E
QzA = QL OA™ Y=0,10,40,72
Q —
P 10? =
10 =
1
1
2
—QSAz AY=3, 6, 10, 20, 50
All3Q - y O, y ’

sp

=
1

]

=
Q
A

o
IIIIII|

PR S R T SR S RS S
10 20 30 40 50 60 70

e For fixed ag, the initial A-dependence is preserved.
e For running oy, the A-dependence vanishes with increasing Y.

2,(Y)  In®[Q2,(Y =0)/A?]
»Y) 2,/(A)2Y

(LR, SINP45(87)150; M, NPA724(03)223; RW, NPA739(04)183); 1/ VY forY, A > 1.

In
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e We have related Ip, IA, AuAu and dAu using geometric scaling.
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e We have related Ip, IA, AuAu and dAu using geometric scaling.
e \WWe have investigated how solutions of BK go to the asymptotics.
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4. COﬂ CI US| On S Neéstor Armesto

e We have related Ip, IA, AuAu and dAu using geometric scaling.

e \WWe have investigated how solutions of BK go to the asymptotics.
e Compared to BK for large Y (asymptotics where scaling holds):

BK with fixed coupling  BK with running coupling ~ Phenomenology
(s = 0.2 +0.4)

Y -dependence of Q5 large small small
A-dependence of Q4 large (MV) small large
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e We have related Ip, IA, AuAu and dAu using geometric scaling.

e \WWe have investigated how solutions of BK go to the asymptotics.
e Compared to BK for large Y (asymptotics where scaling holds):

BK with fixed coupling  BK with running coupling ~ Phenomenology
(s = 0.2 +0.4)

Y -dependence of Q5 large small small
A-dependence of Q4 large (MV) small large

e Theory: b-dependence (GBs, NPB668(03)345), COrrections to BK (mm,
hep-ph/0410018), Initial conditions? // factorization in AA? (B, hep-ph/0409314).
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e We have related Ip, IA, AuAu and dAu using geometric scaling.

e \WWe have investigated how solutions of BK go to the asymptotics.
e Compared to BK for large Y (asymptotics where scaling holds):

BK with fixed coupling  BK with running coupling ~ Phenomenology
(s = 0.2 +0.4)

Y -dependence of Q5 large small small
A-dependence of Q4 large (MV) small large

e Theory: b-dependence (GBs, NPB668(03)345), COrrections to BK (mm,
hep-ph/0410018), Initial conditions? // factorization in AA? (B, hep-ph/0409314).

e To clarify the role of saturation (scaling): more data needed, e.qg.
— pp, pPA and AA at 0 < y < 5 (Y-scan of Q?).
— pA with several A at b = 0 (4-scan of Q2).
— AA at different b (centrality evolution of multiplicities).
— Caorrelations in pA for the same and different rapidities.
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e We have related Ip, IA, AuAu and dAu using geometric scaling.

e \WWe have investigated how solutions of BK go to the asymptotics.

e Compared to BK for large Y (asymptotics where scaling holds):
BK with fixed coupling  BK with running coupling ~ Phenomenology
(s = 0.2 +0.4)
Y -dependence of Q5 large small small
A-dependence of Q4 large (MV) small large

e Theory: b-dependence (GBs, NPB668(03)345), COrrections to BK (mm,
hep-ph/0410018), Initial conditions? // factorization in AA? (B, hep-ph/0409314).

e To clarify the role of saturation (scaling): more data needed, e.qg.
— pp, pPA and AA at 0 < y < 5 (Y-scan of Q?).
— pA with several A at b = 0 (4-scan of Q2).
— AA at different b (centrality evolution of multiplicities).
— Caorrelations in pA for the same and different rapidities.

e LHC: small = available to check saturation in pp and pA, fulfilling the
requirements: small = (coherence, high density), (Q?) > AéCD.

p: = 0.5 GeV 337{’:20 x%:?’ xg:?’ x?f:5 xg:5
200 GeV 3-1072(0.5) 5-107%(0.2) 1074 (1.4) 0.4 (0.1) 107° (2.7)
5.5 TeV 1074 (1.4) 2.1073(0.6) 5-107°(3.26) 107%2(0.4) 6-10"7 (6.0
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M UIt|pI|C|t|eS|n AA Neéstor Armesto

: dN*B o
m g S

X fdk ¢A(Y7 k27 b) QSB (Ya (k o pt)27 b);
on = [ 525 exp{ir -k} Nj(r,x;b).
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M UIt|pI|C|t|eS|n AA Neéstor Armesto

: dN*B o
m g S

X fdk ¢A(Y7 k27 b) QSB (Ya (k o pt)27 b);
on = [ 525 exp{ir -k} Nj(r,x;b).

e Geometric scaling ¢4 (Y,k?, b)=
d(k?/Q; A (Y, b)) =
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M UIt|pI|C|t|eS|n AA Neéstor Armesto

dAB

i N
g as

dek¢A (Y, k?,b) ¢ (Y. (k pt) ,b),
On = f 5o explir -k} Ny (r,z;b).

e Geometric scaling ¢4 (Y,k?, b)=
d(k?/Q; A (Y, b)) =

dNAA

2 2
X QS,AWRA

/—deb o(T )qﬁ((T—S)Z)J.

V.

requirement
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M UIt|pI|C|t|eS|n AA Neéstor Armesto

dAB

i N
g as

dek¢A (Y, k?,b) ¢ (Y. (k pt) ,b),
On = f 5o explir -k} Ny (r,z;b).

e Geometric scaling ¢4 (Y,k?, b)=
d(k?/Q; A (Y, b)) =

dNAA

2 2
X QS,AWRA

/—deb o(T )qﬁ((T—S)Q)J.

Vo
requirement

o A =10.288, Q2 4 ox AV,
§ = 0.79 4 0.02, Ny = 0.47,
Npart < A, and LPHD,

1 dNA4
Npart d?]

36
— NO\/7 Npart :
n~0
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M UIt|pI|C|t|eS|n AA Neéstor Armesto

dAB

" g Data: PHOBOS, nucl-ex/0405027.
e Factorized form Vao s X

x [ dk qu (Y.k*b) ¢ (Y, (k—pi)%b), V& (GeV)
on = [ 525 exp{ir -k} Nj(r,x;b). P -
e Geometric scaling ¢4 (Y,k?, b)= i P
d(k?/Q; A (Y, b)) = 5
2 - 19.6
5 C

dNAA

2 2
X QS,AWRA

E L L ‘ L L L L L ‘ L
O 50 100 150 200 250 300 350 400

2 Noor
/—deb (1) ¢ (\ET —s) >, Qo » oo
requirement ZS
e )\ =0.288, Q% , Al/30 \g RHIC 0
§ = 0.79 +0.02, Ny = 0.47, y % gt 150
Npart A, and LPHD, © ﬁm 6
1 dN44 1-5 o T I
Nowt dn | = Nov/3 Ny « 10 ChN
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N(T),
0.4

0.2

N(T).
0.6
0.4

0.2

Geometric Scalina:

Néstor Armesto

ic N®®W
__ Fixed, KO

-__ Running, K1
0,=0.4

K1,ic N°°
K1,ic NV

a,=0.4

|||||||||||||||||||||
o

W

Y=0,40,60,80
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vS. results from BK: 3. Features from BK. — p.15
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N(T) .

0.8

0.6

N(T) [

0.8

0.6

0.4

0.2

e Scaling N(Y,r) = N(7

0.4

0.2

Néstor Armesto

GBW

0

T

r ic N ¥=0,20,30,40 S ic N Y=0,40,60,80 ...
[ ___ Fixed, KO C K1
_ Running, K1 K2
@,=0.4 [ .. K3
T,=0.4
PR
------ fe AT Ll ol - Ll
C ic N8 Y=0,20,30,40 ... C Y=0,40,60,80
o C K1,ic N®®"
_ K1,ic N
o C T,=0.4
o POTTERREANS Ll RN 1
107 1 1 10t 1

T

=7rQs(Y)) for Y > 1 both for fixed (as,

EPJC20(01)517; L, EPJC21(01)513) and running (B, PLB576(03)115) (.

Geometric Scalina:

Phenomenoloa

vS. results from BK: 3. Features from BK. — p.15
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N(T) . ic N°®Y Y=0,20,30,40 S ic N*®" Y=0,40,60,80 ...
0.8 - Fixed, KO | _ K1l
L ___ Running, K1 K2
0.6 B 50:0.4 | K3
§,=0.4
0.4 i
0.2 i
N(T) [ Y=0,40,60,80
sk K1,ic N*®"Y
K1,ic N
06 0,=0.4
0.4 i
0.2 i
ok I L
10" 1 T 10

e Scaling N(Y,r) = N(t =rQs(Y)) for Y > 1 both for fixed (as,
EPJC20(01)517; L, EPJC21(01)513) and running (B, PLB576(03)115) (.
e Initial condition-independent: GBW, MV or AS (1 — exp [—(7 Qs)°]).
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N(T).[ ic N Y=0,2030,40 r ic N Y=0,40,60,80 ...

0.8 - Fixed, KO
[ ___ Running, K1

0.6 i 50:0.4

§,=0.4

0.4
0.2

Y=0,40,60,80

N(T)l:

K1,ic N®®W
K1,ic NV

0.8 —
0.6
0.4

0.2

o A = 1 1 1 T N | 1l
10 1 10
T

e Scaling N(Y,r) = N(t =rQ,(Y)) for Y > 1 both for fixed (a8,
EPJC20(01)517; L, EPJC21(01)513) and running (B, PLB576(03)115) (.

e Initial condition-independent: GBW, MV or AS (1 — exp [—(7 Qs)°]).

e Little dependence on details of the scale to run o, (external, internal)
or modifications of the kernel (exponential damping, kinematical cuts
(CLSV, hep-ph/0408333)) Or on the value a,(Q = 0) (fixed and running).
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Sm al I T beh aV| or Néstor Armesto

ylg Fixed coupling @,=0.2 ylE 5 Running coupling 0,=0.4
: F9o
oN" . E‘ e q
0.9 oN>EY 0.0 o .88999
. S "apgg S8@g Beg
s #*N*S(c=1.17) n..££g €
I ANS(c=0.84) i TS Ly
08 o 0.8~ e
o ¥ N oNMV
i @) i RS GBW
0.7 Q5 0.7 x ON <
i “Booogg, F LY #NAS(c=1.17)
:***ﬁ*ﬁ‘gﬁﬁ’&ﬁﬁﬁﬁ%%gg -« ANS(c=0.84)
0.61 A 0-6p- A
L AA A A AA
A A A A A A
. - A
0.5 A 0.5 LA A K1 empty
- AAA i AA K2 filled
0_4%IIII|IIII|IIII|IIII|IIII|IIII|IIII|I O_4nllll|IIII|IIII|IIII|IIII|IIII|IIII|I
0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70
Y Y

o Fits to ar®? (In72 + d), 7 = rQs, (MT, NPB640(02)331), iIN 107> < 7 < 107 *;
1 — v = "anomalous dimension’.
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Sm al I T beh aV| or Néstor Armesto

ylg Fixed coupling @,=0.2 ylE 5 Running coupling 0,=0.4
: F9o
oN" . E‘ e q
0.9 oN>EY 0.9 o .88999
. S "apgg S8@g Beg
s #*N*S(c=1.17) n..££g €
i ANS(c=0.84) ****a&% %5
0.8 S 0.8— *‘;: *
o ¥ N oNMV
i @) i RS GBW
0.7 Q5 0.7 x ON <
i “Booogg, F LY #NAS(c=1.17)
j******‘gggggﬁgﬁ%%gg -« ANS(c=0.84)
0.61 A 0-6p- A
L B A A A A A A
A A A A A A
. - A
0.5 A 0.5 LA A K1 empty
- AAA i AA K2 filled
0_4%IIII|IIII|IIII|IIII|IIII|IIII|IIII|I O_4nllll|IIII|IIII|IIII|IIII|IIII|IIII|I
0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70
Y Y

o Fits to ar®? (In72 + d), 7 = rQs, (MT, NPB640(02)331), iIN 107> < 7 < 107 *;
1 — v = "anomalous dimension’.

e Y — oo: v~ 0.65 for fixed (1M, NPA708(02)327; AAKSW, PRL92(04)082001) and

~ (.85 for running, unexpected (B, PLB576(03)115).
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ylg Fixed coupling @,=0.2 ylE 5 Running coupling 0,=0.4
: F9o
oN" . E‘ e q
0.9 oN>EY 0.9 o .88999
. S "apgg S8@g Beg
s #*N*S(c=1.17) n..££g €
I ANS(c=0.84) i TS Ly
08 o 0.8~ e
o ¥ N oNMV
i @) i RS GBW
0.7 Q5 0.7 x ON <
i “Booogg, F LY #NAS(c=1.17)
j******‘gggggﬁgﬁ%%gg -« ANS(c=0.84)
0.6 A 0.6\
e ke AAA AAA
. - A
A - AAA Ad
. - A
0.5 A 0.5 LA A K1 empty
- AAA i AA K2 filled
0_4%IIII|IIII|IIII|IIII|IIII|IIII|IIII|I 0_4nllll|IIII|IIII|IIII|IIII|IIII|IIII|I
0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70
Y Y

o Fits to ar®? (In72 + d), 7 = rQs, (MT, NPB640(02)331), iIN 107> < 7 < 107 *;
1 — v = "anomalous dimension’.

e Y — oo: v~ 0.65 for fixed (1M, NPA708(02)327; AAKSW, PRL92(04)082001) and

~ (.85 for running, unexpected (B, PLB576(03)115).

e Faster evolution for fixed than for running; for AS with ¢ = 0.84, it takes
averylongY.
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