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We present a global analysis for DIS and inclusive hadron production data of a dipole model en-

tirely constructed in momentum space. The inclusive hadronyield was described within a hybrid

factorization formalism for the production cross section that considers the projectile through a

DGLAP evolved parton distribution function, while the target is seen as a dense partonic system.

The results of the fit show good agreement with the first CMS data for proton-proton collisions

at LHC, in spite of the largeK factors. With the use of thekt factorization formalism, it is shown

that such errors are mainly due to uncertainties in the hybrid formalism when dealing with central

rapidity data.
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1. Small-x evolution and the AGBS dipole model

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

σ γ∗p
T,L (Q

2,Y) =
∫

d2r
∫ 1

0
dz

∣

∣ΨT,L(rrr,z;Q
2)
∣

∣

2 σdip(rrr,Y), (1.1)

where the labelsT andL refer, respectively, to the transverse and longitudinal parts of the cross
section,xxx andyyy are the transverse coordinates of the quark and the antiquark, beingrrr === xxx−−− yyy
the transverse size of the dipole;z is the momentum fraction of the photon carried by the quark
andΨT,L(rrr,z;Q2) are the transverse and longitudinal wavefunctions for the photon in the dipole
description. The quantityσdip in Eq.(1.1) is the dipole-proton cross section which can be expressed
as

σ γ∗p
dip (r,Y) = 2πR2

pN (r,Y). (1.2)

whereN (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 through the so-

called Balitsky-Kovchegov equation [1], which can be written in momentum space as

∂YN(k,Y) = ᾱχ(−∂L)N(k,Y)− ᾱN(k,Y)2, (1.3)

whereχ(γ) = 2ψ(1)−ψ(γ)−ψ(1−γ) is the BFKL [2] kernel andL= log(k2/k2
0), beingk0 a fixed

soft scale. This equation gives the rapidity evolution of the color dipole with transverse momentum
k ∼ 1/r, being the non linear term responsible for the unitarization of the amplitude in thelow k
(larger) limit. A parametrization of dipole-proton scattering amplitude in momentum space has
been proposed by de Santana Amaral, Gay Ducati, Betemps, and Soyez (AGBS) [3]. It interpolates
analytically between the behavior of the Balitsky-Kovchegov (BK) [1] evolution equation solutions
in the dilute regime

N(k,Y)
k≫Qs≈

(

k2

Q2
s(Y)

)−γc

log

(

k2

Q2
s(Y)

)

exp

[

− log2
(

k2/Q2
s(Y)

)

2ᾱχ ′′(γc)Y

]

, (1.4)

and the saturation one, in which it behaves like

N(k,Y)
k≪Qs= c− log

(

k
Qs(Y)

)

. (1.5)

The interpolation in the AGBS model is done through the following expression for the scatter-
ing amplitude (ρ ≡ ln(k2/k2

0) andρs ≡ ln(k2
0/Q2

s))

T̃AGBS(ρ,Y) = LF
(

1−e−Tdil
)

, where LF = 1+ ln
[

e
1
2(ρ−ρs)+e−

1
2(ρ−ρs)

]

, (1.6)

and

Tdil = exp

[

−γc(ρ −ρs)−
ln
[

1+e(ρ−ρs)
]2− log2(2)

2ᾱχ ′′(γc)Y

]

, (1.7)
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being the saturation scale defined asQ2
s(Y) = k2

0 eλY. This model describes quite well the HERA
data onF p

2 with heavy quarks included [3] and was also used to study whether the possible effects
of pomeron loops on the high energy QCD evolution were already presentat HERA energies [4].

2. Global fit to HERA and RHIC data

Recently the AGBS model was globally fitted to DIS and inclusive hadron production in
proton-proton and proton nucleus collisions. The HERA proton structurefunction F p

2 is written
as

F2(x,Q
2) =

Q2R2
pNc

4π2

∫ ∞

0

dk
k

∫ 1

0
dz|Ψ̃(k2,z;Q2)|2N(k,Y) (2.1)

where now the photon wavefunction is expressed in momentum space andN(k,Y) is the scattering
amplitude in momentum space. The RHIC inclusive hadron yield assumes a hybrid factorization

dN
dyhd2pt

=
K

(2π)2

∫ 1

xF

dz
z

[

x1 fq/p(x1, p
2
t )ÑF

(

pt

z
,x2

)

Dh/q

(

z, p2
t

)

+x1 fg/p(x1, p
2
t )ÑA

(

pt

z
,x2

)

Dh/g

(

z, p2
t

)

]

,

(2.2)

wherept andyh are the transverse momentum and rapidity of the produced hadron whilefi/p and
Dh/i refer to the parton distribution function (PDF) of the incoming nucleon and to the hadron
fragmentation function (FF) respectively, which are considered at the scaleQ2 = p2

t > 1 GeV2.
Here one used the CTEQ6 LO PDFs [8] and the LO KKP FF [9].NA,F denote the scattering
amplitudes in the adjoint and fundamental representation, respectively. The data set used in the fit
was defined within the following kinematical range: TheF p

2 from the last combined HERA data
[6] was taken forx ≤ 0.01 and 0.1 ≤ Q2 ≤ 150GeV2; The inclusive charged hadron production
data from RHIC [7] was considered forpt ≥ 1 GeV and in two rapidity regions — the forward one
(yh ≥ 2) and at midrapidities (yh ≥ 1). We setᾱ = 0.2 andγc = 0.6275, while the other parameters
in the amplitude —λ , k2

0 and χ ′′(γc)— are left to be free. The normalization factors were also
allowed to vary: the proton radiusRp and the rapidity–dependentK factors.

χ2/d.o.f. k2
0 (×10−3) λ χ ′′(γc) R(GeV−1)

0.903 1.13±0.024 0.165±0.002 7.488±0.081 5.490±0.039

Table 1: Parameters extracted from the fit to H1 and ZEUS combined data[6] on the proton structure
functionF2 at HERA.

Before proceed with the global data analysis we performed a fit to the new HERA data, in
order to verify how the model would behave against the new combined H1 and ZEUS data [6]. The
parameters, shown in the table 1 did not changed significantly in relation to the original AGBS fit,
and this fit is our guideline for the global one, once DIS processes are free from the uncertainties
embedded in the PDFs and FFs. The results of the fit are shown in the Fig. 1.One can see by
the χ2 values of the table 2 that the fit is better when only forward RHIC data were considered.
This is so because the in mid rapidity region the target has not reached its gluon condensate state,
when neither our amplitude nor the CGC formulation entering the Eq. (2.2) are valid. All in all,
the parameters show that the AGBS model describes equally well the HERA and RHIC data, and
the last improves the AGBS model.
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Figure 1: Results for the RHIC charged hadron andπ0 yield for d+Aucollisions from the simultaneous fit
of AGBS to RHIC [7] and HERA [6] data.Leftplot includes the midrapidity regionyh ≥ 1.0.

yh ≥ 2.2 yh ≥ 1.0

χ2/d.o.f. 0.799 1.056
k2

0 (×10−3) 2.760±0.130 1.660±0.137
λ 0.190±0.003 0.186±0.003

χ ′′(γc) 5.285±0.123 6.698±0.223
R(GeV−1) 4.174±0.053 4.695±0.112

K(yh = 1.0) – 6.172±0.379
K(yh = 2.2) 2.816±0.110 3.783±0.259
K(yh = 3.2) 2.390±0.098 3.256±0.226
K(yh = 4.0) 0.7 0.7

Table 2: Parameters extracted from the global fit to HERAF2 data [6] and to the RHIC hadron yield for the
d+Aucollisions data [7].

2.1 LHC predictions

We applied the resulting fit to the forward rapidity region (first line of the table2) to predict
the behavior of LHC hadron yield forp+ p and p+Pb collisions at energies of 14 and 8.8 TeV,
respectively. We also confront our calculation with the first data on singleinclusive hadron produc-
tion for p+ p collisions measured by the CMS collaboration at the LHC [10]. The results depicted
in Fig. 2 show a very good agreement with data, though theK factors are large. This could be
explained as an uncertainty of the AGBS model, as well as of the hybrid formalism, in the compar-
ison with the pseudorapidity averaged data performed by the CMS collaboration. Both the AGBS
model and the hybrid formalism we used here are designed to study the forward regions, where the
target (projectile) wavefunction has a very small-x. The data, however, is averaged over the region
|η |< 2.4, which imply some disagreements absorbed in theK factors.

2.2 kt-factorization formalism

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

dσA+B→g

dyd2pt
= K

2

CF p2
t

∫ pt d2kt

4
αs(Q)ϕ

( |pt +kt |
2

,x1

)

ϕ
( |pt −kt |

2
,x2;

)

, (2.3)
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Figure 2: Predictions of the AGBS model to the LHC CMS charged hadron yield for p+ p collisions at√
s= 0.9, 2.36and7 TeV. The experimental points are from CMS for|η |< 2.4 [10].
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Figure 3: Predictions of the AGBS model to the LHC CMS charged hadron yield for p+ p collisions at√
s= 0.9, 2.36and7 TeV [10].

wherex1,2 = (pt/
√

s)e±y are momentum fractions of the incoming gluons andCF = (N2
c −1)/2Nc

is the Casimir for the fundamental representation. The charged hadron yield, given in terms of
(2.3), reads

dNch

dηd2pt
=

h[η ]

σnsd

∫

dz
z2 Dh(z= pt/kt ,µ)

dσA+B→g

dyd2pt
, (2.4)

whereDh(z= pt/kt ,µ) stands for the fragmentation function of the produced gluon into hadrons,
for which we used the LO KKP model [9] with the scaleµ = pt of the hadron, andσnsd is the
non-single-diffractive cross section taken from the KMR model [12]. In the largeNc limit, the
unintegrated gluon distribution in either of the two colliding hadrons can be related to the dipole
scattering amplitude through

ϕ (k,x;b) =
Nc

2π2αs(k)
k2∇2

kNG(k,x;b). (2.5)

whereNG is the AGBS dipole amplitude in the adjoint representation. The model describesquite
well the LHC data [10] on both the high and smallpt regions, as seen in Figure 3, and the error
associated with the central rapidity data in the hybrid formalism is smaller in this case.
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3. Discussion

We revised the global analysis done with the AGBS against the HERA DIS andthe RHIC
inclusive hadron production data. The calculation used a hybrid formalismfor the inclusive cross
section, where the projectiles are treated as DGLAP evolved PDFs while the targets considered as
a color glass condensate. The fit was better when only the forward RHICdata was considered,
meaning that neither the dipole model nor the hybrid formalism are suited to dealwith central
rapidity data. This becomes more clear when we applied the fit to describe the CMS data on the
hadron yield forp+ p collisions [10] at different energies. The largeK factors include the errors
associated with the averaged data over|η | < 2.4 delivered by the CMS collaboration. We also
tested the model within thekt-factorization formalism, for which the description of the LHC data
was quite good. TheK 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 formalism ina
kinematical region it is not designed to work.
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