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Outline

* NLO BK equation and large transverse logarithms
* Unphysical solutions
+ Resummation of logarithms to all orders

* Restoration of stability, numerical solutions

+ Fits to HERA data
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(GG and BK in Heavy lon Collisions

* CGC: high energy evolution of hadronic wave function
* Best d.o.f. : Wilson lines for projectile partons scattering

* Cross section in DIS, single /double particle production
at forward rapidity in pA collisions, energy density just
after an AA collision, ... :

Local in rapidity observables: correlators of Wilson lines.

+ To excellent accuracy, all such correlators expressed in
terms of dipole scattering. BK equation.
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Diagrams for dipole evolution
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* First emission soft, second non-soft in general
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T'he BK equation at NLO
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Large transverse logs

« Strongly ordered large “perturbative” dipoles (DLA)
L > 2 = e el e i e ) (__1/2 )2

1/Q> 2 - 2
L = @s/ d T (1 = 5481 2 2 Qoo = In ZlS)T13

dY 2 Zil?, 2 z%Q 12 212

* Large dipoles interact stronger, real terms dominate

* NLO correction > LO term, unstable expansion in as

« Simplest thing: one step for GBW-type initial condition

T 219Q% for 212Qs0 K 1
1 for z19Q40 > 1
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* Expect unstable numerical solution, as in BFKL
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F(Y,k)

Resummation of large transverse logarithms

Unstable numerical solutions
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T'wo gluons and time ordering (kinematics)
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Largest logs when time ordering 7, = kT / k* < Tp = T 7 D?

Add all diagrams: WW kernels, phases and trans. mom.
int. — two dipole kernels. For z4 > z3 > 219

2

dp™ dk™ 7 - a:AY dz2 %
52 3 2 12 1.2 %4
ATyp = / o G)(]lfL—Z2 — k+)dz3dz4 7 Wl = 2 /22 o In Z12T(Z’4)

12

Resummation of large transverse logarithms 8 D. Triantafyllopoulos, ECT*/FBK



Resummation of double logs (DLA)

* Resum double logs to all orders in non-local equation

P Y —p+p1
T(Y,p) = T(0, p) +a8/ dﬂl/ dYi e\ =2V (0, p1), p—Inl 2 OF
0 0

* Mathematically equivalent to local equation

- - - 2 J1(2+/@s(p — p1)2) -
(Y, p) = T(0, p) + G / av; / o NG REE
0 0 \/ozs(p—p1)2

s TC W) o) —e L — T(Oaﬂ) =e " (2\/545,02)

* Leads to physical amplitude T for Y>p
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Double logs resummed in BK

dTi2 @, 2%, J1(2v@sL13La3) - -~ . S
= 113+ o3 — 179 — 1731
dif 7 213793 V@sL13Lo3 Shenl g o L

* Agrees with NLO BK (double log term) when truncated
to order a2

* Resums double log terms to all orders

“ Solution should behave nicely

~

¢ Initial condition: T(0,p) =1 — e~ T22(0:0)
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Numerical solution

BFKL on zi] = r2”
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Numerical solution

18 I I I I I I I I I 1.1
16 - LO 1l
o — NLO+resum 09 L
g 1o L % 0.8 -
ST = 07}
g 10t > -
S %) .o
~o» 8 | i
& > 05 [
B 0.3 | e
2 0g=0.25 0.2 - NLO+resum z
0 | | | | | | | | 0.1 | | | | | | | | I
0 2" 4= 678 (0¥ 141671820 0f 2i- 476 8 1012 44:16 1820
Y Y

* Considerable speed reduction, roughly factor of 1/2
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Single log in quark contribution (dynamics)
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Relationship to splitting functions

* Pole residues related to coetficients in splitting functions

1
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« Starting from DGLAP, write in Mellin space
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+ Integrate w — BFKL
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Resum single logs

» Keep 1/w-A; — local in Y equation

1

wcoll(/y) — 5 |:_(1 = i O_ésAl) = \/(1 == 1 C_VSA1)2 =+ 4558]

o~ A1%:(p—p1) extra factor in kernel: anomalous dimension

“ Extend to BK as in double logs case
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e - —Minlz i 2 sign when z. < z19, resums logs
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Running coupling
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* Choose u to cancel potentially large log in all regions
Large daughter dipoles : p =~ 1/2z12
Small daughter dipoles : ¢ =~ 1/min{z13, 223}
In general : p~ 1 mainfe, L @ Blandect ceale

« Balitsky-prescription: ¥, albeit unphysical slow

+ Choose coefficient of b to vanish: v, better choice
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Couplings comparison
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Numerical solution (fixed)
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Numerical solution (prescirption:small)

DLA+SL resum, B,=0.72, smallest

T(p,Y)
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Fit

init RC sing. x? per data point parameters init RC sing. x?2 /npts for Q2

cdt. schmsFlops 5 qe o s Fr | Rylfm] | Qo[GeV] | C, P Cav || cdt. schm | logs 50 100 | 200 | 400

GBW | small | yes 1.135 | 0.552 | 0.596 | 0.699 0.428 2.358 | 2.802 - GBW | small | yes Elisb AL al i a-di 365 S8 o
GBW | fac yes 1.262 | 0.626 | 0.602 | 0.671 0.460 0.479 | 1.148 - GBW | fac yes 1.262 | 1.360 | 1.654 | 1.899
rcMV | small | yes 1.126 | 0.578 | 0.592 | 0.711 0.530 2.714 | 0.456 | 0.896 || rcMV | small | yes 1212641 EER2: {AEA6 A 21216
rcMV | fac yes 1.222 | 0.658 | 0.595 | 0.681 0.566 0.517 | 0.535 | 1.550 || rcMV | fac yes 12222 F A2 29925 B3 2 el Hleadag
GBW | small | no 1.121 | 0.597 | 0.597 | 0.716 0.414 6.428 | 4.000 - GBW | small | no 1 B B 2 g Bro e o S A ] s i
GBW | fac no 1.164 | 0.609 | 0.594 | 0.697 0.429 1.195 | 4.000 - GBW | fac no L1645 22032 kA28 = =622
rcMV | small | no 1.097 | 0.557 | 0.593 | 0.723 0.497 7.393 | 0.477 | 0.816 || rcMV | small | no 1.097 | 1.128 | 1.095 | 1.078
rcMV | fac no 1.128 | 0.573 | 0.591 | 0.703 0.526 1.386 | 0.502 | 1.015 || rcMV | fac no Ll 282 Skrlirea LA S Ol l;

Resummation of large transverse logarithms

No anomalous dimension in initial condition

Including single logs: more physical parameters

rcMV model: can be extrapolated to higher Q2

Small and new” prescription: good fit

B-prescription: ~ doesn’t make it”

2
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Backup slides
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Resummation of double logs in BK

Extend DLA to match BK

* Let ZT(Y, 01) — T13 = Tzs

e e

: . e 131> 3 212
+ Restore dipole kernel dpie#~"1) = r

o T

13 13223

+ Insert virtual term —772, non-linear term, remove cutoffs

* Replace argument in argument of DLA kernel to switch
off resummation for small daughter dipoles

2%3 2%3 233
=0 — In 5 In == 5 In — \/L13L23
12 <12 212
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m-shift

In DLA need x* ordering — p— ordering

— +
Broper variable ¥ —1In 4 ;fx — I pp+. ln @ — e

Double Mellin representation of BEKL solution

d§ dw To(f) Nei/ 99
Tia = 4 S
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A
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Large single logs from large dipoles

« Easily seen in BFKL, “some effort” to uncover in BK

5 2 9 0 2 9 2 9 9 9 59

dip, o [ d3dz  Z13%34 T 214233 — 4219234, 213%24

B 82 4 i CRERs 5259 1]f122T34
T <34 | 213724 — 14723 2144923 |

e Oidercd dipoles 210 200~ 2 > 21~ 203 o)

e 6 — cos’ ¢ az z2 . L _g z%
= 12 2y g 2
s liiee—=77
AYE o 1) /Zz - G = (24)

12

* Dominates the LO term
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Numerical solution (Balitsky prescirption)

DLA+SL resum, B,=0.72, Balitsky

O
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GBW T(Y(), 7“)

rcMV T(Yo, 7“)

RC

as(T)

dome fitting expressions
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(plus freezing)



Fit
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