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A quantitative study of the νN cross section 

(σνN) in the neutrino energy range 

104<Eν<1014GeV

Test of QCD in a kinematic regime

Essential ingredient for 

the determinat ion of 

neutrino fluxes f rom 

experimental data [2]

unexplored so far in ground based 

accelerators, like HERA or the LHC

&

DGLAP BFKL

A reliable calculation of σνN in the uncharted kinematic territory relevant for 

UHE neutrino interactions requires theoretical controlled extrapolations from 

the well tested region of phase space

ν

Ν

The cross sections obtained in the BK framework are 

systematically smaller than those calculated within the 

DGLAP framework 

The actual predictions of the upper bounds for the UHE 

neutrino flux could be enlarged by a factor up to ~4.5

There is experimental data of DIS for

Below this limit PDFs are essentially 

unconstrained

Calculating σνN requires a priori knowledge of the partonic structure of the 

nucleon at all relevant observation scales

Use of perturbative QCD renormalization group equations:

Which of these 2 (DGLAP&BK) orthogonal QCD approaches is better 

suited to extrapolate our well stablished knowledge of parton structure to 

the region of phase space proben in UHE neutrino interaction?

So?

Resummation of small-x logarithmsResummation of large-Q2 logarithms
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My research timeline: past

Sm
all-x 

w
ith 

neutrinos

[JL Albacete, JI Illana, ASO, Phys.Rev. D92 (2015) no.1, 014027]

dN
dE

∝ ϕv ⋅ σνN

: what is measured

: the unknown

: QCD input

σDGLAP
νN ∼ 4.5 × σrcBK

νN
Eν=1014 GeV

Q2 ∼ M2
W,Z ∼ 104 GeV2

Uncharted 
kinematic territory
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Elastic scattering data
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[Albacete, ASO Phys. Lett. B770 (2017) 149-153]

Inelasticity density

Elastic scattering

b ∼ 1/ | t |

• STRIKING growing behaviour at 
low impact parameter

• Not observed at ISR energies

• Peripheral collisions contribute 
more to        than central onesσinel

Hollowness effect
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Theory

dσel

dt
∝ |Tel(s, t) |2

Gin(s, b) ≡
d2σinel

d2b
= 2ImTel(s, b) − |Tel(s, b) |2

Unitarity condition + 
Fourier Transformation



Parameter space: 
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{Rhs, Rp, rc, ⇢hs}
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Transverse diffusion of the hot spots with increasing √s

My research timeline: past [JL Albacete, ASO, Phys.Lett. B770 (2017) 149-153]

Gluonic hot-spots as effective d.o.f

Glauber multiple 
scattering expansion

Spatial correlations
in transverse space

~sA1

~sB1

~b

Setup

18

Glauber 

for p+p 

scattering

Proton transverse structure as a byproduct

35

Form factors

Elastic scattering

F (�?)
• Nhs > 2
• rc > 0
• Rhs grows with √s
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Main focus on the impact of spatial correlations in 
QCD phenomenology

Characterization of the transverse distribution of 
proton constituents in coordinate space and their 
fluctuations

My research timeline: past [JL Albacete, H Petersen, ASO, Phys.Rev. C95 (2017) no.6, 064909 
                                                  Phys.Lett. B778 (2018) 128-136     ]
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Access to event-by-event fluctuations of the initial state profile

Eccentricity 

Symmetric 
cumulants

Repulsive correlations make       in 
ultra-central collisions 

ε2,3

Data (in terms of flow) indicate a 
transition to negative values of 
NSC(2,3) with increasing multiplicity. 
Repulsive correlations vital in our setup
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Outlook
[Albacete, Niemi, Petersen, ASO in preparation]

Perform hydrodynamic evolution of our initial state profiles
Eccentricity Elliptic flow

Repulsive correlations in the initial geometry 
seem to affect the elliptic flow. No fine tuning. 
More statistics (and work) needed!!

Viscous 

hydro for 

p+p

Perform hydrodynamic evolution of our initial state profiles 

Eccentricity 

Elliptic flow

Repulsive correlations in the initial geometry seems to 
affect the elliptic flow. No fine tuning. More statistics 
(and work) needed!!
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e+A->dijet+X

Room for improvement: small-x evolution coming from 
rcBK/JIMWLK, include impact parameter dependence, 
linearly polarised gluon distribution…

: test of saturation at the EIC

State-of-the-art 
(EIC White Paper)

Sudakov radiation Multiple scatteringvs
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[Y Mehtar-Tani, ASO, M Verweij in preparation]

Pb+Pb

p+p

η

ϕ

Goal: subtract uncorrelated 
background at the particle 
level for jet substructure 
studies

: thermal 
background particles

: signal particles 
coming from hard 
scattering



20 Capítulo 1. Ultra High Energy Cosmic Rays
Highlights from the Pierre Auger Observatory Piera Luisa Ghia
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limits for different Lorentz factors are shown in Figure 9, right, together with results from previous360

experiments. The Auger limit turns out to be the best one on ultra-relativistic IMM for � � 109,361

with a factor of ten improvement with respect to previous experiments for � � 1010.362

The reach of the Observatory data to particle interactions is also evinced from the ensemble of363

contributions that show the significance of mass-related observables with respect to the validity of364

hadronic interaction models. As mass intepretation relies on the comparison of observations with365

predictions of simulations using high-energy interaction models, mass-sensitive observables are in366

fact model-sensitive too. Different observables, accessible either to FD (hence mostly sensitive367

to the EAS electromagnetic component) or to SD (sensitive to the muonic and electromagnetic368

component) play this double role.369

The first clue to an inadequacy of current models in covering the complexity of UHE showers is370

indeed provided by Xmax data, when interpreting them in terms of lnA via different models. As first371

shown in [31], and updated in the contribution of A. Porcelli, the trends of both lnA moments versus372

energy are consistent among models, leading to consistent inferences on the evolution of the mass373

composition. However, and as shown in Figure 10, the values of �2lnA turn out to be unphysical374

at the highest energies when the conversion is made via QGSJETII-04. These values occur for375

energies where the intrinsic shower fluctuations predicted by this model in correspondence of the376

hlnAi exceed the measured ones. The systematic uncertainties of the analysis do not allow the377

rejection of any model, but the found clue brings up the interest of probing hadronic models by378

measuring mass-sensitive observables accessing other EAS components. The muonic component is379

one of those, and it is at the heart of two studies presented by L. Collica, both based on the analysis380

of horizontal showers. These are characterized by the dominance of muons, as the electromagnetic381
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One study concentrates on the number of muons, which is estimated through N19, the scale383

factor that relates the observed muon densities to the average muon density profile in simulated384

10 EeV proton shower [32]. As seen in Section 2, it is well-correlated with the primary energy:385

hybrid horizontal events not only make their energy calibration possible, but they also allow the386
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Figura 1.15: Left panel: Evolution of hRµi as a function of the energy. Right panel: Evolu-
tion of hRµi as a function of the hXmaxi. Data gathered at the Pierre Auger observatory are
compared to the predictions given by simulations showing the apparent deficit of muons
in the simulations [82].

these plots contain is straightforward: there is a muon deficit in the predictions done by
the most up-to-date particle-physics models.

An additional analysis which confirms the muon deficit is shown in [84]. In this case the
analysis is based on events whose longitudinal development and lateral distribution are
simultaneously measured by the Pierre Auger Observatory. The first step of this analysis
is to produce simulated showers matching the longitudinal development of each data
event until finding the ones having the same reconstructed Xmax values as the real events.
For those particular showers, the second step is to do a full simulation of the ground
signals generated in the surface detectors for comparison with the data.

These signals can be described, as a first approximation, as the sum of two compo-
nents: the electromagnetic and the hadronic one. Since in simulations these two compo-
nents are known, the signals can be expressed as the sum of RE times the electromag-
netic signal and Rhad times the hadronic signal. If the simulations agree with the data the
values for RE and Rhad should be compatible with one.

The final step of this analysis is to reproduce the ground signals of the real events
varying the values of RE and Rhad in the simulated events. Figure 1.16 shows the values
found for RE and Rhad obtained for different hadronic models. The RE values are compa-
tible with 1, as expected, while the Rhad values are larger. This means that to reproduce
the ground signals of the real events it is necessary more hadronic component than the
one provided by the current models. The average hadronic shower is 1.33 ± 0.16 (1.61
± 0.21) times larger than predicted using the leading LHC-tuned models EPOS-LHC
(QGSJetII-04), with a corresponding excess of muons. The values of Rhad needed in the
models are comparable to the corresponding muon excess detected in highly inclined air
showers [82].
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Data-models tension realised in many observables. Dangerous 
extrapolation, up to 3 orders of magnitude higher in energy, with LHC-
tuned MCs. Hints of new physics i.e. saturation phenomena?
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