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Forward particle production in the Color Glass Condensate

* The analysis of the very forward region of particle production in high-energy
collisions gives us access to the wave functions of colliding objects in the

L > 0
/;'?/’/ /»)%/ "

extreme limits of phase space.
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Forward particle production in the Color Glass Condensate

* The analysis of the very forward region of particle production in high-energy
collisions gives us access to the wave functions of colliding objects in the
extreme limits of phase space. /
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Highly asymmetric collision!
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Forward particle production in the Color Glass Condensate

* The analysis of the very forward region of particle production in high-energy

N/Ng,

collisions gives us access to the wave functions of colliding objects in the
extreme limits of phase space.
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Forward particle production in the Color Glass Condensate

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do
dyd?k |

~ pdf(z,, u?) x uGD(xs, k7))
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Forward particle production in the Color Glass Condensate

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do
dyd?k |

~ pdf(zy, p*) x uGD(z4, k7)
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Forward particle production in the Color Glass Condensate

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do

~ pdf(z,, u?) x uGD(xs, k7))

dyd2k |
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Forward particle production in the Color Glass Condensate

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do

~ pdf(z,, u?) x uGD(xs, k7))

dyd2k |

Multiple scattering:

__»— Aliterms of order gA(z) ~ O(1)

must be resummed.

1
Strong color field: A(z) ~ p
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Forward particle production in the Color Glass Condensate

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do

~ pdf(z,, u?) x uGD(xs, k7))

dyd2k |

Multiple scattering:

__»— Aliterms of order gA(z) ~ O(1)

must be resummed.

' g * Resummation to all orders + eikonal
approximation: Wilson line U(z] )

- |
Strong color field: A(z) ~ p
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Forward particle production in the Color Glass Condensate

° Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do

~ pdf(z,, u?) x uGD(xs, k7))

dyd2k |

Multiple scattering:

__»— Aliterms of order gA(z) ~ O(1)

must be resummed.

* Resummation to all orders + eikonal
approximation: Wilson line U(z] )

e Unintegrated gluon distribution:

1
uGD(z0, k) = FT |1 — — (te(UU ),

 Ne o

Dipole scattering amplitude

1
Strong color field: A(z) ~ p

Pablo Guerrero Rodriguez (UGR) UF production from CGC+Lund May 16, 2016 11/41



Forward particle production in the Color Glass Condensate

* Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do
2 2
>— ~ pdf(xy, u”) x uGD(z, k1)
dyd<k
Non-linear small-x evolution:
v BK-JIMWLK equations:
28 g8 g9 g9 OuGD(x, ky
39 88 88 88 @ )NIC®11GD—11GD2
3§ 28 In(@0/7) e e
=" &= & o Radiation Recombination
éﬁ\f @ ) ({‘5) O}B\ 5 (“)
) e i1 o © ) Q . . .
5 » 4 : BK: evolution of 2-point function
EY R F g JIMWLK: (coupled) evolution of

all n-point functions
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Forward particle production in the Color Glass Condensate

* Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do
2 2
>— ~ pdf(xy, u”) x uGD(z, k1)
dyd2k |
Non-linear small-x evolution:
_»— BK-JIMWLK equations:

39 g9 §s S (2, )NIC®11GD—11GD2

S S 38 88 Oln(zo/x) e ——

- U - U : Radiation Recombination

'\é) Tf‘( (ég) Q%\} //C{D%J (’5 'é)d '/ 9

r S @ & ”‘{\‘ QS (x) . Signals when radiation and

& % 2N /@‘ E recombination terms become
S NS parametrically of the same order
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Forward particle production in the Color Glass Condensate

° Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

do
2 2
>— ~ pdf(xy, u”) x uGD(z, k1)
dyd?k |
Non-linear small-x evolution:
_»— BK-JIMWLK equations:

38 g9 g8 22 OuGD(z, ky

K 3 88 K (’ )N/C®UGD—UGD2

5 Ao Ao , Radiation Recombination
| S f"_‘b = 4 ”'G QS (x) . Signals when radiation and
7’ 5(( ) /C ‘ recombination terms become

parametrically of the same order

LHCf: | Qs 2 1 GeV
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Forward particle production in the Color Glass Condensate

* Previous approaches:
artons
da.hadrons dO’p

— h/p
Pk ody  d%k_ dy
c': 10° ! BRAHMS
= ]
8 - : pt Z 1 GeV = h(x20); n=2.2; K=1
= 10e, o = h'(x4);n=3.2; K=1
— — ® s I
& T - e STAR
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Albacete, Javier L. et al. Phys.Lett. B687 (2010) 174-179 arXiv:1001.1378 [hep-ph]
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Forward particle production in the Color Glass Condensate

* Qur approach:
Monte-Carlo implementation of

Hybrid formalism + Lund string fragmentation

0 AW
- AVB=—q
BRAHMS min.bias h” data: n=2.2 (x20) e ;
BRAHMS min.bias h™ data: n=3.2 (x4) —«—
K=1 E

dN/dn/dp;° [GeV™]

—
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—
<
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d-Au at sqrt(s)=200 GeV
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Forward particle production in the Color Glass Condensate

* Qur approach:
Monte-Carlo implementation of

Hybrid formalism + Lund string fragmentation
+ Multiple parton scattering -..

A 3
A )
)}
\
1
- - - - 1
- - - - ]
S S = S !
’ ] B g & T | g oo e confusec
g9 gd dg with multiple gluon
- = S S S &S S & :
38 88§ 88 38 e scattering encoded
-~ : e n )
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Perturbative parton production: implementation of DHJ formula

* Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464 )

d0h1h2—>(q/g)X K o
WPk @nr2 ! (a/9) /s (Zps 1IN ) o (20, KE)
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Perturbative parton production: implementation of DHJ formula

* Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464 )

d0h1h2—>(q/g)X K o
WPk @nr2! (a/9) /s (Zps 1IN ) 1o (20, KE)

+ Proton PDF: CTEQ®6 LO set (/- Pumplin et. al., JHEP 07 (2002) 012)

+ Default factorization scale: U = ma»X{kt, Qs}
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Perturbative parton production: implementation of DHJ formula

* Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464 )

d0h1h2—>(q/g)X K o
WPk @nr2! (a/9) /s (Zps 1IN ) 1o (20, KE)

+ Proton PDF: CTEQ®6 LO set (/- Pumplin et. al., JHEP 07 (2002) 012)

+ Default factorization scale: U = ma»X{kt, Qs}

LHCf: Qs 21 GeV
RHIC: Qs <1 GeV » 1 =1.5GeV
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Perturbative parton production: implementation of DHJ formula

* Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

dgh1h2—>(q/g)X K o
dyd’k,  (2m)2 2 Tpf(a/g)/m (Tps )N /4) 1y (T2, K7 )

Fit with only light quarks

« uGD’s: Fourier transforms of dipole f GP085Ge®  mData £ 0'=20GeV
. ' = ® I'heory = =
scattering amplitudes. O o w s e,
2 —iky - 1.55— QP=45GeV? | —: Q285 GeV? ;
NF(A)(CC,kt):/d Ir € ¢ tr[l—NF(A)($,7“)}. 5 1_ p.._.. _; ®E., _ ;
. _ . 15— Q?=100 GeV? | _; Q=120 GeV? ;
+ Small-x evolution: We take parametrization T LT
of Np(ay(z,r) from the AAMQS fits to data s B
on the structure functions measured in R P T ST
e+p scattering at HERA: O ost
15— Q°=35 GeV’ |,:_ | —; Q?=45 GeV? ."_ _
rc-BK evolution ) SR S

10 10~ 10 x 107 10~ 10 x 107

J. L. Albacete, N. Armesto, J. G. Milhano and C. A. Salgado, Phys. Rev. D80 (2009) 034031.
J. L. Albacete, N. Armesto, J. G. Milhano, P. Quiroga-Arias and C. A. Salgado, Eur.Phys.J. C71 (2011) 1705
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Perturbative parton production: implementation of DHJ formula

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

dohihe—(a/9)X
dyd?k;

K 00

(2m)? 2

rc-BK evolution

+ |nitial conditions for evolution:

q)’
Nr(xg,7) =1 — exp S0 log (

)

ro=10"2 7 =1.101 Q3?, =0.157 GeV?
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Perturbative parton production: implementation of DHJ formula

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

dghlh?%(Q/g)X K 0o

dyd®k,  (2m)2 2 ZpSiasg)/m (Tps 1IN (5 a) 1 (T4, 77

rc-BK evolution

+ |nitial conditions for evolution:

22 \7
Nr(xg,7) =1 — exp (7" Q%) log< : 6)

ro=10"2 7 =1.101 Q3?, =0.157 GeV?

+ UGD's for nuclear target:

2 _ A1/3 N2
QSO,TL’(LCZ@US = A Qs(),proton

Oomph factor
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Perturbative parton production: implementation of DHJ formula

* Degree of accuracy of our approach:

+ DHJ formula » leading logarithmic (LL)
+ Scale dependence of PDF’s > LO DGLAP evolution

+ Scale dependence of UGD’s > rc-BK evolution

» State-of-the-art degree of accuracy:

+ DHJ formula » NLO"~
+ Scale dependence of PDF’s » DGLAP NNLO"
+ Scale dependence of UGD’s » BKNLO""

1T. Altinoluk, N. Armesto, G. Beuf, A. Kovner and M. Lublinsky, Phys. Rev. D91 (2015)no. 9 094016
2 G. A. Chirilli, B.-W. Xiao and F. Yuan, Phys.Rev. D86 (2012) 054005

3 Gao, Jun et al. Phys.Rev. D89 (2014) no.3, 033009

41. Balitsky and G. A. Chirilli, Phys. Rev. D77 (2008) 014019

5], Balitsky and G. A. Chirilli, Phys. Rev. D88 (2013) 111501
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Perturbative parton production: implementation of DHJ formula

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

dgh1h2—>(q/g)X K o
dyd’k,  (2m)? 2 Tpf(a/g)/m (Tps 1 )N(F/4) s (31, K7 )

—

+ Implicit integration in impact parameter b : 0o /2

Free fit parameter of AAMQS fits:

00

J. L. Albacete, N. Armesto, J. G. Milhano and C. A. Salgado, Phys. Rev. D80 (2009) 034031.
J. L. Albacete, N. Armesto, J. G. Milhano, P. Quiroga-Arias and C. A. Salgado, Eur.Phys.J. C71 (2011) 1705
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Perturbative parton production: implementation of DHJ formula

. Hybrid formalism (A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A765 (2006) 464);

dghlh?%(Q/g)X K 0o

dyd®k,  (2m)2 2 TpSasg)/m (Tps 10 )N (5 /) 1 (T4, K7)

—

+ Implicit integration in impact parameter b : 0o /2

Free fit parameter of AAMQS fits:

00

+ K -factor: not the result of any calculation. May account for:

Higher order corrections

Non-perturbative effects

- ()
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Multiple scattering: eikonal model

* Number of independent hard scatterings according to Poisson probability
distribution of mean N, where:

n(b, s) = Tpp(b)oou(s)
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Multiple scattering: eikonal model

* Number of independent hard scatterings according to Poisson probability
distribution of mean N, where:

n(b, s) = Tpp(b)oou(s)
* brandomly generated between 0 and by

Ond

T .

bmaa: T

e Spatial overlap: convolution of two Gaussians.

1 b?
Tpp(b) - A7 B eab " AB
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Multiple scattering: eikonal model

* Number of independent hard scatterings according to Poisson probability
distribution of mean N, where:

n(b, s) = Tpp(b)oou(s)
* brandomly generated between 0 and by

Ond

T N ..

bmaa: T

» For a nuclear target of mass number A:

1

_ b
Toa(b) =
O = S ) (R%<A2/3 ; 1>)
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Hadronization: Lund fragmentation model

* Simple but powerful picture of hadron production based on the breaking of

strings between partons:
String tension: K
S\\\WZ ring tension
__— S~—
J/s‘n‘BD\

» Probability of string breaking by quark pair with m5 = m_ + p7 -

2 2
T Uy
Prob m2, 2 ) x ex 1] ex 4
( q pJ_q) p < B > P < B

As implemented in: PYTHIA 8
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Hadronization: Lund fragmentation model

* Simple but powerful picture of hadron production based on the breaking of

strings between partons:
String tension: K
S\\‘k; ring tension
__— S—
J/Jn\;p\

» Probability of string breaking by quark pair with m5 = m_ + p7 -

® 2 2
e —TTm —7p
- 7 ’ O PrOb(mgapiq) X exp ( B q> eXp < /{J_q)
S WV ®
@ oo
S 4 : * Lund fragmentation function:
1 b (m? 2
f(z) o< —=(1 — 2)%exp ( (M, pLh))
Z z

As implemented in: PYTHIA 8
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RHIC: d-Au © 200 GeV

* Forward spectra observed at RHIC allows for a description in terms of CGC:

RHIC:

2.5x107°

x4 (Projectile) 1

SR /5 =200 GeV
1.5x105} ] 1 < pt < 2 Gev

>
() o
s 2 3.4
= 3. Y :
1107 | 7
i
5x10° | 7
N
O | | /j///;/:/ /
10® 1072 107 10°

Dilute Dense
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RHIC: d-Au © 200 GeV

dN/dn/dp,” [GeV™?]

r AlBoq | ol ABz4
10"} BRAHMS min.bias h™ data: n=2.2 (x20) -+ - STAR min.bias , data: 1=4.0
BRAHMS min.bias h” data: n=3.2 (x4) —«— | [ . K=0.4
1001 ;10 =
K=1
-1
1072
10’3
10°3
107
10
107 107
~ d-Au at sqrt(s)=200 GeV d-Au at sqrt(s)=200 GeV
10© ‘ ‘ 10
0 1 4 0

S | | |
p; [GeV] p; [GeV]

e CGC + Lund approach allows to reach p¢ values as low as detected

experimentally, p; ~ 0.2 GeV.

e Little sensibility to number of participants,
 BRAHMS data well described with K = 1.
 STAR data well described with K = 0.4 (also observed in previous

analysis of data).
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LHCf: p-p @ 7 TeV

~ LHCf mg (prel.): 8.8<y<9.0 - - LHCf my (prel.): 9.0<y<9.2 - -
p-p at sgrt(s)=7 TeV 1

K=1

'LHCf ny (prel.): 9.2<y<9.4 —

107
107 ]
-6 ‘ ‘ ‘ T -6 ‘ ‘ ‘ -6 ‘ ‘ ‘
1075 0.25 05 0.75 . 0% 0.25 05 0.75 1 197 0.25 05 0.75 1
, * LHCf my (prel.): 9.4<y<9.6 . "LHCf n, (prel.): 9.6<y<9.8 — . LHCf g (prel.): 9.8<y<10.0 —
10 T l100 |

K=1 _ K=1 _ K=1

0 0.25 05 0.75 1 0 0.25 0.5 0.75 1 0 0.25 05 0.75 1

XL
* Increment of evolution rapidity with respect to RHIC: |AY ~ In (go) ~ 14

* Only difference with respect to RHIC set: dynamical evolution of uGD’s
according to rcBK equation.
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LHCf: p-Pb @ 5.02 TeV

" LHCf g (prel.): 8.8<y<9.0 —

0
e p-Pb at sqrt(s)=5.02 TeV'
10 1 + K=1 5
c}II_|
>
© 1072
O,
AN -3
6_-'10
S
Z 104
5 10
10°
-6 | |
%% 0.25 0.5 0.75 1
" LHCf my (prel.): 9.4<y<9.6 —
100 |

K=1.5

0 0.25 0.5 0.75 1

Plenty of room for improvement in the proton-nucleus implementation.

100,
10"
102
1073,
10

107

106

LHCf mg (prel.): 9.0<y<9.2

0.25

05

LHCf g (prel.): 9.6<y<9.8

K=1.5

0.25

05

0.75

1

LHCf g (prel.): 9.2<y<9.4

0 0.25 0.5 0.75
LHCf my (prel.): 9.8<y<10.0 -
K=1.5 ’
+
0 0.25 0.5 0.75

Low momentum region well described (specially at the highest rapidities).
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LHCf: nuclear modification factor IR, p}, ©

1

5.02 TeV

‘ ‘ ‘ 1 ‘ ‘ 1 ‘ ‘
LHCf 7y (prel.): 8.8<y<9.0 LHCf ny (prel.): 9.0<y<9.2 LHCf iy (prel.): 9.2<y<9.4
o8l sqrt(s)=5.02 TeV e 08 K=1 0.8! K=1
K=1
0.6} 0.61 0.6}
o]
o
A
o 0.4} T 0.4 0.4}
21 e 0.2} T ] 0.2}
% 0.25 05 0.75 % 0.25 05 0.75 1 9% 0.25 05 0.75
1 ‘ ‘ ‘ 1 ‘ ‘ ‘ 1 ‘ ‘ ‘
LHCf mg (prel.): 9.4<y<9.6 - - LHCf my (prel.): 9.6<y<9.8 -~ LHCf ny (prel.): 9.8<y<10.0 -~
0.8 K=1 0.8! K=1 08! K=1
0.6} 0.6} 0.6}
o]
o
I;':_
0.4} 0.4 0.4}
0.2} 0.2} 0.2}
TL ++ m | { { et { H
% 0.25 0.5 0.75 % 0.25 0.5 0.75 1 % 0.25 0.5 0.75
®

7_(_O

p-Fb - <Ncoll> dep_HTOX/ddePt

1 dePb—MTOX/ddePt

Pablo Guerrero Rodriguez (UGR)
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LHCf: nuclear modification factor R, pp, © 5.02 TeV

* Approximate constant flat

Pb—n’X 2
0 1 dNP"PT 2 Jdyd p, suppression of: 0.15 ~ 1/(N¢o1)

p-E'b - <Ncoll> dep_WOX/ddePt

e This behavior can be understood as a direct consequence of the

behavior of the ratios of the uGD’s:
10

LHCf

x~10'2
i | )
o
iz RHK)@~1Uﬂ
Z
0.1}
LHCf (x ~109)

0.01
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Conclusions, future prospects

* We achieve a good description of single inclusive spectra of charged
particles and neutral pions at RHIC and the LHC respectively, and nuclear
modification factors for proton-lead collisions at the LHC.

. This adds evidence to the idea that the main properties of forward
data are dominated by the saturation effects encoded in the
unintegrated gluon distribution of the target
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* Qur approach allows for a description of spectra at the smaller values of
transverse momentum

(__, Opens the door for a calculation of particle multiplicities and other
soft observables
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Our approach allows for a description of spectra at the smaller values of
transverse momentum

(__, Opens the door for a calculation of particle multiplicities and other
soft observables

Forward particle production is of key importance in the development of air
showers

( Theoretically controlled extrapolation of our results to the scale of
ultra-high energy cosmic rays, thus serving as starting point for
future works on this topic
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Conclusions, future prospects

We achieve a good description of single inclusive spectra of charged
particles and neutral pions at RHIC and the LHC respectively, and nuclear
modification factors for proton-lead collisions at the LHC.

. This adds evidence to the idea that the main properties of forward
data are dominated by the saturation effects encoded in the
unintegrated gluon distribution of the target

Our approach allows for a description of spectra at the smaller values of
transverse momentum

(__, Opens the door for a calculation of particle multiplicities and other
soft observables

Forward particle production is of key importance in the development of air
showers

( Theoretically controlled extrapolation of our results to the scale of
ultra-high energy cosmic rays, thus serving as starting point for
future works on this topic

This is only a first step; there is still a lot of room for improvement! (NLO
corrections, proper Monte-carlo implementation of proton-nucleus, etc.)
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BACK-UP: BK equation with running coupling

* LO BK equation resumming agln (1/x) contributions to all orders:

Small-x gluon
emission

I

<
~N

LO Evolution Kernel:

Pablo Guerrero Rodriguez (UGR)

X [N(Tl,Y) —|—N(T2,Y) —N(T,Y) —N(Tl,Y)N(TQ,Y)]

ON(r,Y
(9(Y ) = /drlKLO(r,rl,r2)
KLO(I' ry,ra) = Neay 7
T R2) T o rers
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BACK-UP: BK equation with running coupling

* LO BK equation resumming agln (1/x) contributions to all orders:

Small-x gluon ON(r.Y
emission> (‘9(5} ) — /dr1 K™O(r,1q,15)
W\ ><[N(Tl,Y)+N(T2,Y)—N(T,Y)—N(Tl,Y)N(TQ,Y)]
) | N.ag 712
LO Evolution Kernel: |K°(r,r1,12) = 972 22
172 (According to some separation scheme)
= Considering asIN s corrections:
Running coupling: chains Emission of gq pair (?N(?“, Y) L R[N] S[N]
of quark loops (instead of a gluon) oY — o

ce- T Running coupling term:
WMW + WW gathers all the o, N5 factors
< < : that complete the §-function
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BACK-UP: BK equation with running coupling

* LO BK equation resumming agln (1/x) contributions to all orders:

Small-x gluon ON(r.Y
emission> (‘9(5} ) — /dr1 K™O(r,1q,15)
mwy\(m\ ><[N(Tl,Y)+N(T2,Y)—N(T,Y)—N(Tl,Y)N(TQ,Y)]
) | N.ag 712
LO Evolution Kernel: |K°(r,r1,12) = 972 22
172 (According to some separation scheme)
= Considering asIN s corrections:
Running coupling: chains Emission of gq pair (?N(?", Y) L R[N] S[N]
of quark loops (instead of a gluon) oY — o

N
I

gathers all the s N factors
that complete the [ -function

WWW - «W Running coupling term:

» Numerical evaluation of substraction term S|N] demands very large computing time.

We only consider the running term R[N] (prescription proposed by Balitsky')

2\ [ -2 1 2 1 2
Running coupling Kernel: | K% (r,ry,rz) = Mol A (%(T;) - 1) + (%(%) — 1)]

212 1Ty T 043(7“2) Ty 043(7“1)

1 1. I. Balitsky, Quark Contribution to the Small-x Evolution of Color Dipole, Phys. Rev. D 75 (2007) 014001
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BACK-UP: Dipole models, Wilson lines

* Dipole models are simple ’V*%V( Y1 :
formulations for the description g g

X
of Deep Inelastic Scattering : g

processes (such as those

observed in e-p collisions at § %/ﬁ
HERA). g % Y

= \WWe describe the effect of the

small-x gluon field over the &?é %%aéé %% E @é %%

projectile as the multiple gluon

non-linear
E small-x evolution

exchange with a virtual quark-antiquark dipole.
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BACK-UP: Dipole models, Wilson lines

* Dipole models are simple ’V*%V( Y1
formulations for the description

X
of Deep Inelastic Scattering - g
processes (such as those

observed in e-p collisions at /§§

HERA). £% 3

= \WWe describe the effect of the

small-x gluon field over the &?é %&é@é} %% E

projectile as the multiple gluon

exchange with a virtual quark-antiquark dipole.

non-linear
% small-x evolution

= Multiple gluon scattering in the eikonal approximation: definition of

WILSON LINES: in)

lout >=U(x)|in)

U(xy) ="Pexp ig/d:v_AjL(a:_,a:L)
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BACK-UP: Dipole models, Wilson lines

U(xy) ="Pexp ig/da:_AJr(:z:_,:vL)

= Dipole scattering amplitudes: two-point correlators of Wilson Lines:

N b o) =1-— Ni@r{U(m)UT(mmx

C

= Unintegrated gluon distributions (uGD’s) defined as the Fourier transform of dipole

scattering amplitude. We take the uGD's as universal objects that represent the effect of

gluon-saturated target over hadronic projectiles.
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BACK-UP: Dipole models, Wilson lines

U(x1) ="Pexp

ig / de” AT (z7,2)

= Dipole scattering amplitudes: two-point correlators of Wilson Lines:

= Unintegrated g

scattering amp

N b o) =1-— Ni@r{U(m)UT(mmx

C

uon distributions (uGD's) defined as the Fourier transform of dipole

itude. We take the uGD's as universal objects that represent the effect of

gluon-saturated

target over hadronic projectiles.

» Phenomenological models ——— modelization of dipole scattering amplitude

For example: GBW model’

N(r,b,z) = 0(by — b)(1 — exp(—r?Q?/4))
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BACK-UP: Dipole models, Wilson lines

U(x1) ="Pexp

ig / de” AT (z7,2)

= Dipole scattering amplitudes: two-point correlators of Wilson Lines:

N b o) =1-— Ni@r{U(m)UT(m)px

= Unintegrated g

scattering amp

gluon-saturated

C

uon distributions (uGD's) defined as the Fourier transform of dipole

itude. We take the uGD's as universal objects that represent the effect of

target over hadronic projectiles.

» Phenomenological models ——— modelization of dipole scattering amplitude

For example: GBW model’

N(r,b,z) = 0(by — b)(1 — exp(—r?Q?/4))

= Small-x evolution encoded in BK equation

Theoretically controlled tool for extrapolation!

l

1 Golec-Biernat, K. et al. Phys.Rev. D79 (2009) 114010
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BACK-UP: Model of baryon production in Lund formalism

* Digquark model: diguarks in color antitriplets are (effectively) fundamental
objects of the theory —— diquark-antidiquarks fluctuations are an

additional string breaking mechanism.

* Popcorn model: Quarks are the only fundamental objects. This model allows
for the generation of intermediate mesons.

s - @ 0
1 q q
@& @ 9 @ 8- &
2- o] a g g
& & O OC o © & @
3- q aa qg'q q

Intermediate
meson
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* Digquark model: diguarks in color antitriplets are (effectively) fundamental
objects of the theory —— diquark-antidiquarks fluctuations are an
additional string breaking mechanism.

* Popcorn model: Quarks are the only fundamental objects. This model allows

for the generation of intermediate mesons.
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