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Figure 2. Schematic view of currently running detectors (AMANDA and Baikal) and of
detectors currently in construction: ANTARES and IceCube.

3.2. Baikal
The Baikal neutrino telescope is located 30 km off the shore of Lake Baikal, Siberia, at a depth
of 1.1 km. The configuration NT200 [3] was commissioned in April, 1998. It consists of 192
optical modules (OMs), mounted on 8 vertical strings, which form a structure of 40 m diameter
and 72 m height. Each OM contains a 37 cm diameter photomultiplier. For installation and
maintenance, the Baikal collaboration takes advantage of the cold winters in Siberia, which
cause the Lake to freeze over for several months allowing easy access to the deployment site.
The Baikal Collaboration added three outer strings in 2005 to increase the sensitivity at high
energies for cascades.

3.3. ANTARES
Antares is a neutrino telescope under construction in the Mediteranean Sea at a depth of 2500 m
near Toulon, France. The project aims to complete the full array, consisting of 12 lines with 75
photomultipliers each, by 2007. Simulations indicate a very good angular resolution of 0.3◦ for
1 TeV µ′s (0.6◦ degrees with respect to the neutrino direction). The neutrino effective area is
expected to be similar to the AMANDA array as shown in fig. 1.

3.4. Other projects and initiatives
NESTOR is a neutrino telescope with a proposed location near Pylos, on the Greek Ionian
Sea coast. A calibration and engineering run of a test detector was carried out in 2003 [21].
The detector was operated for more than one month and data was continuously transmitted to
shore. With the data collected, the collaboration was able to reconstruct muon events at a rate
consistent with predictions and produce a muon zenith angle distribution [20].
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Fig. 1. Configuration of the Pierre Auger Observatory southern detector.(see text.)

Fig. 2. Central laser facility (CLF) and an ad-

jacent surface detector tank.
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shower core provides an energy estimator. For a 1019 eV EAS with zenith angle less

than 50 degrees, the statistical uncertainty in S1000 is of order 10% (2). Angular

accuracy is a function of the number of tanks triggered, which depends primarily

on shower energy and zenith angle. For EASs measured by at least 5 tanks, this

accuracy is better than 1 degree (3). Essentially all events above 1019eV meet these

criteria.

A fluorescence detector (FD) of four “eyes” overlooking the SD operates at night

to record the longitudinal light profiles of EASs as they develop through the atmo-

sphere. This calorimetric energy measurement does not rely on interaction models;
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AUGER South

Hadrons 
Photons

Neutrinos

In particular for zenith angles larger than 70 degrees

a contribution from very high energy neutrinos
is HOPED for (expected)
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Figure 1. The H.E.S.S. experiment in Namibia, near the famous Gamsberg. Two of the four
13m-telescopes are shown with their “cameras” in the focal point.

ergy can be determined through a determination of the shower footpoint on the ground
(Aharonian et al. (1997)). Gamma-ray events are distinguished from the much more fre-
quent isotropic events due to charged Cosmic Rays through their more slender shower
images in the cameras, i.e. by image analysis and the resulting cuts on the image param-
eters. This permits γ-ray astronomy at TeV energies (1 TeV = 1012 eV)

The characteristics of the H.E.S.S. telescope system are as follows: 4 telescopes with
107 m2 mirror surface, 4 “smart” cameras, each with 960 photomultiplyer tubes with
(0.16◦) FoV, leading to a total FoV of ≈ 5◦ per camera. The corresponding angular
resolution of the system is better than 0.1 % per event, the energy resolution is about 10
to 15% per event, and the energy threshold (at Zenith) is about 100 GeV. The system is
fully operational since December 2003.

The resulting H.E.S.S. sensitivity (4 telescopes) is as follows: 1 hour of observation
time for a detection of an energy flux density of 10−11 (10−12) erg cm−2 s−1 at 100
GeV (1 TeV). With this performance the Crab Nebula can be detected at Zenith in
∼ 30 s. For comparison, the 1989 detection required ∼ 50 hr.

2. Science with high energy gamma-ray astronomy

The two main fields of very high energy (VHE) γ-ray astronomy are High Energy
Astrophysics and Observational Cosmology.

 

 

all the different components and put into operation. From fall 2003 till the early fall 2004 the telescope was 

in the commissioning phase. After that MAGIC started to regularly observe gamma ray source candidates 

and collect data.  

 

 

1. The MAGIC-I Telescope 
 

When starting to design MAGIC it was clear for us that one cannot build a large telescope just by up-scaling 

the size of the smaller, ~4m diameter telescopes of HEGRA (few members of MAGIC collected their 

experience in HEGRA). Moreover, in order to be able to re-position the telescope within ~20 seconds to the 

coordinates of a Gamma Ray Burst provided by detectors flown on satellites and thus to contribute in the 

understanding of the origin of those enigmatic sources, we have designed the telescope to be light-weight. 

This had immediately introduced lot of constraints in the design. We have suggested few new techniques and 

technologies to implemented in MAGIC-I (see Fig.1 below) in order to enable the fast re-positioning. Below 

we list the important innovations: 

 

 

 
 

 
Figure 1. Photo of the MAGIC telescope. Location: 2200m a.s.l., Canary island of La Palma, Roque de los Muchachos 

Observatory 

 
 

 

 

!" Reflector frame made from carbon-fiber tubes 

!" All Al diamond milled light-weight mirrors with quartz protection and with internal heating 

!" Active control of the reflector shape because of varying gravitational loads while moving the 

elevation axis 
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TeV Astronomy

H.E.S.S. in Namibia

MAGIC at LaPalma

less then 
80 Tev photons
(from CRAB)

and larger 80GeV

Very successful, more then 40 sources found recently



Julian Rautenberg + ZEUS 4 Moriond EW, La Thuile, 5.-12.3.2005

NC & CC DIS measurement: events

Neutral Current (NC) Charged Current (CC)

Signature:

• the DIS electron

Background-rejection:

• ep-collision vertex

• trans. (pt) and long. (E − pz)

momentum conservation

Signature:

• ν undetected ⇒ trans. momentum

Background-rejection:

• ep-collision vertex

• sphericallity

H1 Detector ZEUS Detector

long. polarised e(-)(+) at 27,6GeV on p of 920Gev
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Figure 1: Kinematic region covered by F2 measurementsd at HERA and fixed targed experi-

ments. The extension to higher x for lowQ2 region provided by the ISR events analysis shown.
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kinematic range covered in x and Q(2)
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e(-) long. polarisation for ZEUS and H1
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charged current structure functions 
and pdf fits (ZEUS and H1)
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Figure 3: The dependence of the e±p CC cross section on the lepton beam polarisation Pe. The
inner and outer error bars represent respectively the statistical and total errors. The uncertainties

on the polarisation measurement are smaller than the symbol size. The data are compared to

the Standard Model prediction based on the H1 PDF 2000 parametrisation (dark shaded band).
The light shaded band corresponds to the resulting one-sigma contour of a linear fit to the data

shown as the central line.
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polarisation dependend charged current x-sections
at HERA for ZEUS and H1
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Figure 2: Measurements of the polarisation asymmetriesA± by the H1 Collaboration (top left),
the ZEUS Collaboration (top right) and combined (bottom). The error bars denote the total

uncertainty which is dominated by the uncorrelated error contributions. The curves describe

the theoretical predictions in NLO QCD as obtained in fits to the H1 inclusive data and to the

inclusive and jet ZEUS data, respectively. Both fits have been performed using the unpolarised

HERA I data.
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Figure 1: Measurements of the structure function xF γZ
3 by the H1 Collaboration (top left),

the ZEUS Collaboration (top right) and combined (bottom). The inner error bars denote the

statistical uncertainty while the full error bars comprise the statistical and systematic uncertainty

added in quadrature. The curves describe the Standard Model predictions as obtained in NLO

QCD fits to the H1 inclusive data and to the inclusive and jet ZEUS data, respectively. Both

fits have been performed using the unpolarised HERA I data only and they differ in some detail

concerning the parameterisations and treatment of the valence quark behaviour.
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Pol. dependence of neutral current scattering
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Figure 3. Contours of the 68% confidence level (CL) on the weak neutral current
couplings of u (left plot) and d (right plot) quarks to the Z0 boson.

The results are consistent with the electroweak Standard Model and the
precision is better for the u quark as expected. Comparison to the H1 fits
to unpolarised HERA-I data shows that, while the uncertainty on the axial-
vector couplings stays about the same, the precision of the determination
of the vector couplings is improved by a factor of 2–3 due to additional
sensitivity of the polarised NC data. Figure 3 also shows the results of the
H1 fits in which the vector and axial-vector couplings of u and d quarks are
fitted simultaneously (fits vu-au-vd-ad-PDF) and similar results obtained
recently by the CDF experiment and at LEP. The HERA determinations
have comparable precision to that from the Tevatron and resolve any sign
ambiguity and the ambiguities between vu and au of the determinations
based on observables measured at the Z0 resonance. Exploiting the Q2

dependence of the charged current data, the propagator mass has been
measured to be Mprop = 82.8 ± 1.5 ± 1.3 GeV, which is in agreement with
the direct measurements of the W boson mass.

The amount of data collected at HERA-II is already greater than that
of HERA-I. In particular, a significant increase of integrated luminosity
is achieved in the e−p mode, from ≈ 15 pb−1 to more than 100 pb−1.
At HERA-I the statistics of the e−p data was a limiting factor for the
precision of the xF3 determination. Profiting from the enlarged statistics
and reduced systematic uncertainties, the previous measurement of xF3

has been updated7 using HERA-II 2003-2005 e±p NC cross section data
at high Q2. Fig. 4 (left top) shows the comparison of the unpolarised
e−p and e+p HERA-II H1 data for three different Q2 values. At high
Q2, the NC cross section in e−p scattering is significantly larger than that
in e+p scattering due to the different sign of the xF3 contribution to the
cross section for different leptons polarities. xF3 determined by ZEUS
from the difference of e−p and e+p cross sections is shown in Fig. 4 (right).
The dominant contribution to xF3 arises from the γZ interference, which

weak couplings of u,d quarks 
from PDF’s at HERA



Figure 6: Compilation of selected HERA results on the parameter λ, obtained from fits of the
form F2 = c(Q2) · x− λ(Q2) to low x data.
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Figure 1: Total deep inelastic scattering cross section vs. τ [1].

Figure 2: A modern view of the phase diagram of QCD [2].for extrapolations to very high energies from 
the HERA x-range a quantitative understanding
of the data on the basis of well defined physical

models is required



integrated over available phase space at the given neutrino energy. These integrated cross-
section are given by:

σCC,NC
ν,ν̄ (E) =

∫ s

Q2
min

dQ2

∫ 1

Q2/s

dx
1

xs

∂2σCC,NC
ν,ν̄

∂x∂y
(8)

with y = Q2/(xs). In equation (8) we have introduced the minimal value Q2
min of Q2 in order to

stay in the deep inelastic region. In our calculations we set Q2
min = 1GeV 2. In the ”low” energy

region s < M2
i the integrated cross-sections rises linearly with E and in this region interaction

with valence quarks dominates. In the high energy region the contribution of valence quarks
saturates and the energy dependence of σCC,NC

ν,ν̄ (E) is driven by the small x behaviour of the
sea quark distributions [3]. It is this part of the cross-sections which will be analysed in our

paper.

Existing numerical estimates of the ultrahigh energy cross-sections are based upon extrap-
olation of parton distributions towards the very small x region using linear (DGLAP and/or

BFKL) QCD evolution equations [2, 3, 4]. At small x the dominant partons are the gluons and
the sea quark distributions are driven by the gluons through the g → qq̄ transitions. The linear

QCD evolution generates indefinite increase of gluon distributions with decreasing x that im-
plies similar increase of the sea quark distributions and of the structure functions F CC,NC

2 (x, Q2)
and F CC,NC

L (x, Q2). This increase is tamed by the non-linear screening effects which lead to

saturation [7] - [13]. Efficient way of introducing saturation can be realised using the colour
dipole framework in which the DIS at low x is viewed as the result of the interaction of the

colour qq̄ dipole which the gauge bosons fluctuate to as illustrated in Fig. 2. Very succesful

Figure 2: Schematic representation of the dipole picture [19].

semiphenomenolgical analysis of ep DIS at low x has been performed within this framework by

Golec-Biernat and Wüsthoff [19] and in the next Section we apply this model for the estimate
of the saturation effects in the ultrahigh energy neutrino cross-sections.

4

Color Dipol Model

commonly used to extrapolate photon and 
neutrino x-sections to very high energies



cross sections for different values of the atomic number A varying from A = 12 to A = 207. For
comparison we show results for the neutrino-nucleon cross-section with and without screening
effects. We see from this Figure that the nuclear shadowing can lead to further reduction of

the cross-section.
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Figure 9: The prediction for the neutrino nucleus CC cross section obtained from unified

BFKL/DGLAP equation suplemented by screening effects. Cross section is calculated for
diffrent atomic numbers and normalised to nucleon. For comparison we also present results for

neutrino nucleon CC cross section based on the (linear) unified BFKL/DGLAP evolution.

5 Summary and conclusions.

In this paper we have performed analysis of possible implications of the screening effects on

the extrapolation of the neutrino-nucleon cross sections towards the ultrahigh energy region.
Behaviour of the cross-sections in this region probes the structure functions at very small val-

ues of x and relatively large scales Q2 ∼ M2
W,Z . The values of x which can be probed can

be as small as 10−8 and it may be expected that parton densities in this ultra small x region
should be affected by non-linear screening effects which tame the indefinite increase of parton

distributions generated by linear (BFKL and/or DGLAP) QCD evolution. At first we have
performed an estimate of the total neutrino-nucleon cross sections within the Golec Biernat

- Wüsthoff saturatuion model. In this model the deep inelastic lepton scattering is viewed
as the result of the interaction of the colour qq̄ dipoles which the gauge boson fluctuates to.
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Neutrino x-section extrapolated to very high 
energy (considering screening effects)



FIGURES

FIG. 1. The photon-nucleon cross section as a function of incident photon energy for the BB
(dashed) and ALLM (solid) parameterizations. Also shown are photon-proton data collected in

Ref. [30].
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FIG. 2. The photon-nucleus cross section standard rock (A = 22), as a function of incident
photon energy E using the ALLM parameterization and Eqs. (3.9) and (3.10) for the shadow

factor and conversion to nucleon structure function.
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total photoproduction x-section rom HERA
and extrapolations to very high energies
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FIG. 4: Growth of the total photon nucleon cross section for the range of energies from Eγ =

103 GeV to Eγ = 1012 GeV. On the x-axis of the bottom panel, ln3(Eγ

E0
) (E0 = 1.0 GeV) is plotted

to allow for easy comparison with the expected energy dependence at UHE (see App. B). The

lowest three curves in each panel are the result of using the MFGS model with variations in model

dependent parameters to demonstrate numerical sensitivity (see text). For comparison, the upper

curve shows the two Pomeron model of Donnachie and Landshoff Ref. [31] and the dotted curve

shows the model of Shoshi et. al.Ref. [16].

The procedure described above may be regarded as placing an upper limit on the growth

of the cross section since we have taken the maximal contribution that does not violate

unitarity. The resulting nucleon cross section has been plotted in Fig. 4. To test the

numerical sensitivity to a variation in the upper limit of the profile function, we have included

the result of placing the upper limit of the profile function at 0.8 rather than at 1.0. In

the studies [10, 13] the matching parameter, λ was estimated based on the analysis of

the expressions for σL(x, Q2) to be of order 10. A later analysis of the J/ψ production [32]

suggested that a better description of the cross section for the intermediate 0.5 ≥ d ≥ 0.3fm

is given by λ ∼ 4 while the cross section in the perturbative region depends very weakly on

15



FIG. 3. The β value for muon in standard rock (A = 22), including bremsstrahlung (solid line),

pair production (dashed) and photonuclear (dotted) interactions.
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FIG. 6. The β value for tau in standard rock (A = 22), including bremsstrahlung (solid line),

pair production (dashed) and photonuclear (ALLM) (dotted) interactions.
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FIG. 8. Tau decay length (dashed line) and the average tau range in water (solid line), in rock

(dot-dashed line) and in iron (dotted line), for incident tau energy E, final tau energy larger than
Emin = 50 GeV including electromagnetic energy loss.
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energy loss of muons 
and taus 

extrapolated to
very high energies



HERA data on PDF’s provide a firm basis
for extrapolations to the highest energies

both for photons
and neutrinos

CR detections at the highest 
energies

would provide interesting 
constraints on the physics 

at HERA


