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1. Smallx evolution and the AGBS dipole model

At high energies, when the momentum fraction of the partons inside thernbdoomes very
small, the QCD evolution itbg(x) becomes nonlinear in order to tame the fast growing of partons,
created by Bremsstrahlung as the energy increases. In this regiongleparticular frame, the
dipole frame, where the deep inelastic scattering (DIS) process cartoeZad as follows: the
virtual photon probing the target can split into a quark-antiquark padipole, though the proton
still carries most of the total energy. The cross section can be written as

1
a{“f(QZ,Y):/er/O dz|Wr o (r,z Q%)% auip(r,Y), (1.1)

where the labeld andL refer, respectively, to the transverse and longitudinal parts of thescro
section,x andy are the transverse coordinates of the quark and the antiquark, beirx—y
the transverse size of the dipoleis the momentum fraction of the photon carried by the quark
andWr (r,z Q@?) are the transverse and longitudinal wavefunctions for the photon in tiaéedip
description. The quantitygi, in Eg.(1.1) is the dipole-proton cross section which can be expressed
as
oyP(rY) =2mR. A (r,Y). (1.2)
where#/(r,Y) is the dipole scattering amplitude in the coordinate space.

The non linear evolution of such amplitude can be describe in a simple way thtbago-
called Balitsky-Kovchegov equation [1], which can be written in momenturoespa

ANk, Y) = ax(—a)N(kY) —aN(k,Y)?, (1.3)

wherex (y) = 2¢(1) — ¢(y) — @(1—y) is the BFKL [2] kernel and. = log(k?/k2), beingko a fixed

soft scale. This equation gives the rapidity evolution of the color dipole vatistrerse momentum

k ~ 1/r, being the non linear term responsible for the unitarization of the amplitude iohk
(larger) limit. A parametrization of dipole-proton scattering amplitude in momentum space has
been proposed by de Santana Amaral, Gay Ducati, Betemps, and S&83)f3]. It interpolates
analytically between the behavior of the Balitsky-Kovchegov (BK) [1]letron equation solutions

in the dilute regime

Qs (kO 7E % log” (K?/QA(Y))
N6 S (s ) Iog<Q§(Y)>eXp[_ 28X (16 ] (4

and the saturation one, in which it behaves like

k<Qs k >
NkY) =c—log| ——— |. 1.5
) 1G 4o
The interpolation in the AGBS model is done through the following expressictiné scatter-
ing amplitude p = In(k?/k3) andps = In(kZ/Q2))
TACBS(p,Y) =Lr (1-e ™), where Lr=1+In [e%(p*ps) +e*%(p*ps)} . (1.6)

and X
In [1+€lP=P)]" —log?(2)

2ax" ()Y 7 .7)

Tail = exp [— Ye (P —ps) —
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being the saturation scale defined@&Y) = k3e"Y. This model describes quite well the HERA
data oerp with heavy quarks included [3] and was also used to study whether tisbfmosffects
of pomeron loops on the high energy QCD evolution were already prasetiERA energies [4].

2. Global fit to HERA and RHIC data

Recently the AGBS model was globally fitted to DIS and inclusive hadronymtizh in
proton-proton and proton nucleus collisions. The HERA proton strudturetion sz is written
as

RN o dk (1 -
R = 2 5 [1 [ azb0e 2PNk Y) @)

where now the photon wavefunction is expressed in momentum spad¥(lang is the scattering
amplitude in momentum space. The RHIC inclusive hadron yield assumesid fadiorization

dN K ldz ~
/ — |:X1 fQ/D(XL ptz)NF <pZt,X2> Dh/q (Z, pt2>

X|:Z

dynd2p (272 (2.2)

+1 fg/p(x2, PE)Na <F;7X2> Diyg (2 ptz)] )

wherep; andyn are the transverse momentum and rapidity of the produced hadron fyQiknd
Dy,; refer to the parton distribution function (PDF) of the incoming nucleon and echtidron
fragmentation function (FF) respectively, which are considered atdhle § = p? > 1 Ge\~,
Here one used the CTEQ6 LO PDFs [8] and the LO KKP FF [Bhr denote the scattering
amplitudes in the adjoint and fundamental representation, respectivalydath set used in the fit
was defined within the following kinematical range: Tlﬁﬁfrom the last combined HERA data
[6] was taken forx < 0.01 and 01 < Q? < 150GeV?; The inclusive charged hadron production
data from RHIC [7] was considered fpr > 1 GeV and in two rapidity regions — the forward one
(Yh > 2) and at midrapiditiesyf, > 1). We seto = 0.2 andy, = 0.6275, while the other parameters
in the amplitude -A, k(z) and x”(y;)— are left to be free. The normalization factors were also
allowed to vary: the proton radiug, and the rapidity—dependelkitfactors.

’X2/d.o.f. \ k3 (x10°9) \ A \ X" (ve) \ R(GeV 1) ‘
[ 0.903 [1.13+£0024 | 0.165+£0.002 | 7.488+0.081 [ 5.490+0.039 |

Table 1: Parameters extracted from the fit to H1 and ZEUS combined [@&tan the proton structure
function at HERA.
Before proceed with the global data analysis we performed a fit to the neRAH]ata, in

order to verify how the model would behave against the new combined HZEBUS data [6]. The
parameters, shown in the table 1 did not changed significantly in relation toithead AGBS fit,
and this fit is our guideline for the global one, once DIS processeseedrbm the uncertainties
embedded in the PDFs and FFs. The results of the fit are shown in the F@gnel.can see by
the x2 values of the table 2 that the fit is better when only forward RHIC data wemsidered.
This is so because the in mid rapidity region the target has not reached its@ndensate state,
when neither our amplitude nor the CGC formulation entering the Eq. (2.2)adice VAll in all,
the parameters show that the AGBS model describes equally well the HE(RRHIIC data, and
the last improves the AGBS model.
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Figure 1: Results for the RHIC charged hadron amftlyield for d + Au collisions from the simultaneous fit
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of AGBS to RHIC [7] and HERA [6] dataleft plot includes the midrapidity regioy, > 1.0.

| | wm=22 Yh>10

x?/d.o.f. 0.799 1.056
ks (x10°3) 2.760+0.130 | 1.660+0.137
A 0.190+0.003 | 0.186-+0.003
X" (ve) 5.285+0.123 | 6.698+0.223
R(GeV 1) 4.174+0.053 | 4.695+0.112
K(yn = 1.0) - 6.172+0.379
K(yh=22) | 2816+0.110 | 3.783+0.259
K(yh=3.2) | 2390+0.098 | 3.256+0.226

K(yn = 4.0) 0.7 0.7

Table 2: Parameters extracted from the global fit to HERAdata [6] and to the RHIC hadron yield for the
d + Au collisions data [7].

2.1 LHC predictions

We applied the resulting fit to the forward rapidity region (first line of the t&lto predict
the behavior of LHC hadron yield fqu+ p and p+ Pb collisions at energies of 14 and 8.8 TeV,
respectively. We also confront our calculation with the first data on singlesive hadron produc-
tion for p+ p collisions measured by the CMS collaboration at the LHC [10]. The resyisteel
in Fig. 2 show a very good agreement with data, thoughkHactors are large. This could be
explained as an uncertainty of the AGBS model, as well as of the hybrid isrman the compar-
ison with the pseudorapidity averaged data performed by the CMS coltadror8oth the AGBS
model and the hybrid formalism we used here are designed to study therforegions, where the
target (projectile) wavefunction has a very smallFhe data, however, is averaged over the region
In| < 2.4, which imply some disagreements absorbed irktHactors.

2.2 k-factorization formalism

We also used this-factorized formalism of [11] to describe the LHC data. In such formalism
both colliding partons can carry smallzalues, being well suited to study the central rapidity region
of produced patrticles. The cross section is written as

1) ¢ <‘pt;kt’,xz;> )

[

dUAJrBag B 2

Ptk
dycPpy Cr p? ’

as(Q)¢ < >

(2.3)
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Figure 2: Predictions of the AGBS model to the LHC CMS charged hadrefdyfor p+ p collisions at
v/$=0.9,2.36and7 TeV. The experimental points are from CMS|fgr< 2.4 [10].
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Figure 3: Predictions of the AGBS model to the LHC CMS charged hadreidyfor p+ p collisions at
\/$=0.9,2.36and7 TeV [10].

wherex, 2 = (pr/+/S)e™Y are momentum fractions of the incoming gluons @ad= (NZ — 1) /2N,
is the Casimir for the fundamental representation. The charged hadddn gieen in terms of

(2.3), reads

A+B—g
dl\bzh _ h[n] /dz do (2.4)
dnd?pt  Onsd

=D — -~
72 h(z pt/k[,l-l) dydzpt )
whereDp(z= pt/ki, 1) stands for the fragmentation function of the produced gluon into hadrons,
for which we used the LO KKP model [9] with the scgle= p; of the hadron, an@,gq is the
non-single-diffractive cross section taken from the KMR model [12].tHe largeN; limit, the
unintegrated gluon distribution in either of the two colliding hadrons can béetkta the dipole
scattering amplitude through
T c 22 .

¢ (k,x;b) = 2nzas(k)k OkNa (K, x; b). (2.5)
whereNg is the AGBS dipole amplitude in the adjoint representation. The model desqtites
well the LHC data [10] on both the high and smpjlregions, as seen in Figure 3, and the error
associated with the central rapidity data in the hybrid formalism is smaller in thés cas
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3. Discussion

We revised the global analysis done with the AGBS against the HERA DISren&HIC
inclusive hadron production data. The calculation used a hybrid formétisthe inclusive cross
section, where the projectiles are treated as DGLAP evolved PDFs whiledle¢éstaonsidered as
a color glass condensate. The fit was better when only the forward RBti&Cwas considered,
meaning that neither the dipole model nor the hybrid formalism are suited tonitBatentral
rapidity data. This becomes more clear when we applied the fit to describeMiBed&ta on the
hadron yield forp+ p collisions [10] at different energies. The larfefactors include the errors
associated with the averaged data ovgr< 2.4 delivered by the CMS collaboration. We also
tested the model within thie-factorization formalism, for which the description of the LHC data
was quite good. Th& factors smaller compared to the hybrid formalism, corroborating the idea
the largeK gotten in the hybrid formalism were due to the a misleading use of such formalsm in
kinematical region it is not designed to work.
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