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The cultural program is based on three axes that link historical identity and 
technological innovation: 
• Territorial renewal through culture 

•Multidisciplinarity and future through art, literature, new 
technologies and AI 

• Social inclusion thorough education and music 
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Renovabitur ut Aquilae 
juventus tua

Founded in 1596 although a 
“Studium” was present 
already in late 1400 

16000 students  
7 departments 

Rector: Prof. Fabio Graziosi
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The Science Campus hosts 4 departments: 

-DISIM: Engineering and Information Science, Mathematics  
-DISCAB: Clinical, applied and biotechnology science  
-MESVA: Clinical medicine, public health and life and 
environment science 
-DSFC:Physical and Chemical Sciences 

Many laboratories and students facilities 

Approved project of ~40 keuro to 
expand and improve infrastructure and 
facilities of the Science Campus
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Astroparticle group members

With strong collaboration with GSSI, LNGS, INAF, CERN, SISSA members 
Including a number of former PhD students and postdocs from Univaq

Theoreticians 

• Z. Berezhiani (PO) 
• Francesco Capozzi (PA) 
• F. Nesti (PA) 
• L. Pilo (PA) 
• F.L. Villante (PO)

Experimentalists 

• D. Boncioli (PA) 
• A. Ferella (PA) 
• N. Finetti (Ric) 
• C. Macolino (PA) 
• F. Salamida (PA) 
• V. Rizi (PO)
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RESEARCH ACTIVITIES IN 
THEORY
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GRAVITY AND COSMOLOGY

What is Dark Energy ? Cosmological 
constant or some medium?

Late time cosmology

Early time cosmology
Quantum origin of initial 
perturbations (inflation)

Gravitational Waves physics with LISA Cosmology with GWs
Testing gravity with LISA

L. Pilo

The nature of Dark Matter

Inputs from astrophysics - New 
paradigms?
Particle candidates - dark forces? 

Dark Matter
Density in
Galaxies

and a possible
quantum

degenerate
scenario

F. Nesti

DM in galaxies
Spirals
Ellipticals
Dwarfs

Milky Way
MW
Components
Model
Data: inner
Data: outer
Data: masers
Fits

Degenerate
Fermionic DM
Thomas
Fermi
Profiles
Parameters

Conclusions

On a global plot

Mass-to-Light ratio
striking evidence of DM

(Globular Clusters likely
rule out modifications of
gravity for DM)

Cored profile preferred for
small galaxies. . .

1230 J. Wolf et al.

Figure 4. Left: the half I-band luminosity L1/2 versus half-light mass M1/2 for a broad population of spheroidal galaxies. Middle: the dynamical I-band
half-light mass-to-light ratio ϒI

1/2 versus M1/2 relation. Right: the equivalent ϒI
1/2 versus total I-band luminosity LI = 2 L1/2 relation. The solid line in the

left-hand panel guides the eye with M1/2 = L1/2 in solar units. The solid, coloured points are all derived using our full mass likelihood analysis and their
specific symbols/colours are linked to galaxy types as described in Fig. 2. The I-band luminosities for the MW dSph and GC population were determined by
adopting M92’s V − I = 0.88. All open, black points are taken from the literature as follows. Those with M1/2 > 108 M⊙ are modelled using equation (2)
with σlos and r1/2 culled from the compilation of Zaritsky et al. (2006): triangles for dwarf ellipticals (Geha, Guhathakurta & van der Marel 2003), inverse
triangles for ellipticals (Jørgensen, Franx & Kjaergaard 1996; Matković & Guzmán 2005), plus signs for brightest cluster galaxies (Oegerle & Hoessel 1991)
and asterisks for cluster spheroids, which, following Zaritsky et al. (2006), include the combination of the central brightest cluster galaxy and the extended
intracluster light. Stars indicate globular clusters, with the subset of open, black stars taken from Pryor & Meylan (1993).

more massive counterparts (Bovill & Ricotti 2009; Bullock et al.
2009).

4.2 The global population of dispersion-supported
stellar systems

A second example of how accurate M1/2 determinations may be
used to constrain galaxy formation scenarios is presented in Fig. 4,
where we examine the relationship between the half-light mass M1/2

and the half-light I-band luminosity L1/2 = 0.5LI for the full range
of dispersion-supported stellar systems in the Universe: globular
clusters, dSphs, dwarf ellipticals, ellipticals, brightest cluster galax-
ies and extended cluster spheroids. Each symbol type is matched
to a galaxy type as detailed in the caption. We provide three rep-
resentations of the same information in order to highlight different
aspects of the relationships: M1/2 versus L1/2 (left-hand panel),
the dynamical I-band mass-to-light ratio within the half-light ra-
dius ϒ I

1/2 versus M1/2 (middle panel) and ϒ I
1/2 versus total I-band

luminosity LI (right-hand panel).
Masses for the coloured points are derived using our full mass

likelihood approach and follow the same colour and symbol con-
vention as in Fig. 2. All of the black points that represent galaxies
were modelled using equation (2) with published σlos and r1/2 values
from the literature.13 The middle and right-hand panels are inspired
by (and qualitatively consistent with) figs 9 and 10 from Zaritsky,
Gonzalez & Zabludoff (2006), who presented estimated dynamical
mass-to-light ratios as a function of σlos for spheroidal galaxies that
spanned two orders of magnitude in σlos.

We note that the asterisks in Fig. 4 are cluster spheroids (Zaritsky
et al. 2006), which are defined for any galaxy cluster to be the sum
of the extended low-surface brightness intracluster light component
and the brightest cluster galaxy’s light. These two components are
difficult to disentangle, but the total light tends to be dominated

13 The masses for the open, black stars (globular clusters) were taken directly
from Pryor & Meylan (1993).

by the intracluster piece. One might argue that the total cluster
spheroid is more relevant than the brightest cluster galaxy because
it allows one to compare the dominant stellar spheroids associated
with individual dark matter haloes over a very wide mass range
self-consistently. Had we included analogous diffuse light compo-
nents around less massive galaxies (e.g. stellar haloes around field
ellipticals) the figure would change very little, because halo light is
of minimal importance for the total luminosity in less massive sys-
tems (see Purcell, Bullock & Zentner 2007). One concern is that the
central cluster spheroid mass estimates here suffer from a potential
systematic bias because they rely on the measured velocity disper-
sion of cluster galaxies for σlos rather than the velocity dispersion of
the cluster spheroid itself, which is very hard to measure (Zaritsky
et al. 2006).14 For completeness, we have included brightest cluster
galaxies on this diagram (plus signs) and they tend to smoothly fill
in the region between large Es (inverse triangles) and the cluster
spheroids (asterisks).

There are several noteworthy aspects to Fig. 4, which are each
highlighted in a slightly different fashion in the three panels. First,
as seen most clearly in the middle and right-hand panels, the dy-
namical half-light mass-to-light ratios of spheroidal galaxies in the
Universe demonstrate a minimum at ϒ I

1/2 ≃ 2–4 that spans a re-
markably broad range of masses M1/2 ≃ 109−11 M⊙ and luminosi-
ties LI ≃ 108.5−10.5 L⊙. It is interesting to note the offset in the av-
erage dynamical mass-to-light ratios between globular clusters and
L⋆ ellipticals, which may suggest that even within r1/2, dark matter
may constitute the majority of the mass content of L⋆ Es. Neverthe-
less, it seems that dark matter plays a clearly dominant dynamical
role (ϒ I

1/2 � 5) within r1/2 in only the most extreme systems (see
similar results by Dabringhausen, Hilker & Kroupa 2008; Forbes
et al. 2008, who study slightly more limited ranges of spheroidal
galaxy luminosities). The dramatic increase in dynamical half-light

14 In addition, concerns exist with the assumption of dynamical equilibrium.
However, Willman et al. (2004) demonstrated with a simulation that using
the intracluster stars as tracers of cluster mass is accurate to ∼10 per cent.

C⃝ 2010 The Authors. Journal compilation C⃝ 2010 RAS, MNRAS 406, 1220–1237
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Fits with Burkert:

Constant surface density
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PARTICLE PHENOMENOLOGY BEYOND STANDARD MODEL 

hand,we discard jets with displacement beyond 30 cm, for
which the vertex reconstruction by tracking appears largely
unfeasible.
Momentum resolution is also important especially for

muons, because for one it gets progressively worse for large
momentum ∼TeV, and because the secondary muon can
become part of the jet, thus contributing to its invariant
mass. As a benchmark, we assume the momentum reso-
lution as studied in [56] for the ATLAS detector.
Finally, the experimentally determined map for the elec-

tron efficiencies was adopted from [57] and goes from 84%
for pTðeÞ ∈ ð6; 10Þ GeV to 96% for pTðeÞ > 60 GeV in
intermediate steps, and it vanishes for ηðeÞ > 2.47. As for the
muons, the measured reconstruction efficiency reported in
[58] was used, where the efficiencies are εμ ¼ 0.86; ð0.99Þ;
½0.9% for muons with pTðμÞ>5GeV and respectively:
jηðμÞj < 0.1; ð0.1 < jηðμÞj < 2.5Þ; ½2.5 < jηðμÞj < 2.7%.

C. Backgrounds

The dominant backgrounds contributing to this process
are production of single or double vector bosons plus jets as
well as production of tt̄ plus jets.3

While prohibitive to generate in full strength, we can
take advantage of the fact that due to Eq. (5) the parton
momenta in the signal are very rarely less than a few
hundred GeV. Thus the background can be efficiently

generated by imposing a cut of minimal pT > 150 GeV
at parton level without loosing the signal. We use a stable
version MADGRAPH 2.3.3, PYTHIA 6 and modified
DELPHES 3 with the anti-kT jet clustering algorithm with
ΔR ¼ 0.3. We simulate the SM backgrounds at LO with the
addition of up to two parton-level jets and perform the jet
matching procedure. This takes into account the real
emission part of the higher order QCD corrections. The
number of background events simulated at generator level
for L ¼ 100=fb with the relative weights ≪ 1, as well as
the events recognized at detector level are

Background # generator Weight # detector

V þ 012j 22.46 M 0.021 9.93 M
VV þ 012j 10.55 M 0.0028 4.61 M
tt̄þ 012j 10.47 M 0.024 4.38 M.

These are strongly reduced to respectively 378k, 15.6k,
65k expected detector level events when restricting the
relevant kinematical variables to their loose range of
interest (see below the first column of Table I). A basic
cut on pTðlÞ ≳ 1 TeV could reduce them further to ∼250,
20, 7, or even less without sacrificing more than 20% of
signal. Instead of adopting this rough procedure, we
describe in the next paragraph a more efficient method
of assessing the sensitivity.

D. Assessing the sensitivity

Examples of event distributions are reported in Fig. 7 in
the plane of primary lepton momentum versus hardest jet
displacement. We see that as the mass scales vary, the
relative position of signal and background changes. In
particular, because the jet displacement for the signal
depends strongly on mN , the signal region can overlap
or instead be separated from one or more regions domi-
nated by backgrounds. For the lower panels of Fig. 7 with
MWR

¼ 6 TeV, the signal is significantly more displaced
and the signal yield is lower because of the off shell
suppression, which explains the shape and reduced number
of contours with respect to the MWR

¼ 4 TeV case.
In situations like this, the effectiveness of the usual

method of devising selection cuts is limited. For this reason,
instead of adapting the selection cuts to the values of model
parameters, we prefer to devise a simpler and more robust
method to assess the sensitivity. The method is a straight-
forward multibin generalization of the usual s=

ffiffiffiffiffiffiffiffiffiffiffi
sþ b

p

measure relative to single bin Poisson-counting experi-
ments. It combines single bin sensitivities of a multidi-
mensional grid as the sum in quadrature, including the bins
dominated by backgrounds,

sensitivity Σ ¼
"X

i∈bins
s2i

si þ bi

#
1=2

: ð6Þ

FIG. 6. A typical event featuring the prompt electron and a
merged jet on the opposite side, including the secondary electron
and hadronic tracks (blue) from a ∼3 cm-displaced vertex. Both,
the prompt isolated and the displaced nonisolated electron tracks
are drawn in red, while the red and blue histograms on the rim are
the ECAL and HCAL deposits, respectively. The yellow cone
corresponds to the jet cone created with the “prompt” jet
algorithm, ignoring the displacement and vertexing. (Picture
produced using the DELPHES [53] event viewer.)

3Additional backgrounds from so-called jet fakes, i.e., jets
misidentified as leptons, are found to be negligible in [28] in the
standard KS region; in the merged and displaced regions its effect
can be suppressed by asking tight isolation of the prompt lepton.

NEMEVŠEK, NESTI, and POPARA PHYS. REV. D 97, 115018 (2018)

115018-6
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<̀latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit>

jN
<latexit sha1_base64="OQK95AIyOCYaZ55LCYtJKvV1osY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWznbRrN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOl+8feba9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8iUI2v</latexit><latexit sha1_base64="OQK95AIyOCYaZ55LCYtJKvV1osY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWznbRrN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOl+8feba9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8iUI2v</latexit><latexit sha1_base64="OQK95AIyOCYaZ55LCYtJKvV1osY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWznbRrN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOl+8feba9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8iUI2v</latexit><latexit sha1_base64="OQK95AIyOCYaZ55LCYtJKvV1osY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gDWWznbRrN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOl+8feba9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAN1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8iUI2v</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

WR
<latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit>

<̀latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit>

jdN<latexit sha1_base64="X/rthXKzvOG38F1sJzXm3Ug4+6Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8tms2nXbnbD7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4up767SeqNJPi3oxTGiR4IFjMCDZW8h/7tw9Rv1pz6+4MaJl4BalBgWa/+tWLJMkSKgzhWOuu56YmyLEyjHA6qfQyTVNMRnhAu5YKnFAd5LNjJ+jEKhGKpbIlDJqpvydynGg9TkLbmWAz1IveVPzP62YmvgxyJtLMUEHmi+KMIyPR9HMUMUWJ4WNLMFHM3orIECtMjM2nYkPwFl9eJq2zuufWvbvzWuOqiKMMR3AMp+DBBTTgBprgAwEGz/AKb45wXpx352PeWnKKmUP4A+fzB5TFjoU=</latexit><latexit sha1_base64="X/rthXKzvOG38F1sJzXm3Ug4+6Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8tms2nXbnbD7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4up767SeqNJPi3oxTGiR4IFjMCDZW8h/7tw9Rv1pz6+4MaJl4BalBgWa/+tWLJMkSKgzhWOuu56YmyLEyjHA6qfQyTVNMRnhAu5YKnFAd5LNjJ+jEKhGKpbIlDJqpvydynGg9TkLbmWAz1IveVPzP62YmvgxyJtLMUEHmi+KMIyPR9HMUMUWJ4WNLMFHM3orIECtMjM2nYkPwFl9eJq2zuufWvbvzWuOqiKMMR3AMp+DBBTTgBprgAwEGz/AKb45wXpx352PeWnKKmUP4A+fzB5TFjoU=</latexit><latexit sha1_base64="X/rthXKzvOG38F1sJzXm3Ug4+6Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8tms2nXbnbD7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4up767SeqNJPi3oxTGiR4IFjMCDZW8h/7tw9Rv1pz6+4MaJl4BalBgWa/+tWLJMkSKgzhWOuu56YmyLEyjHA6qfQyTVNMRnhAu5YKnFAd5LNjJ+jEKhGKpbIlDJqpvydynGg9TkLbmWAz1IveVPzP62YmvgxyJtLMUEHmi+KMIyPR9HMUMUWJ4WNLMFHM3orIECtMjM2nYkPwFl9eJq2zuufWvbvzWuOqiKMMR3AMp+DBBTTgBprgAwEGz/AKb45wXpx352PeWnKKmUP4A+fzB5TFjoU=</latexit><latexit sha1_base64="X/rthXKzvOG38F1sJzXm3Ug4+6Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8tms2nXbnbD7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4up767SeqNJPi3oxTGiR4IFjMCDZW8h/7tw9Rv1pz6+4MaJl4BalBgWa/+tWLJMkSKgzhWOuu56YmyLEyjHA6qfQyTVNMRnhAu5YKnFAd5LNjJ+jEKhGKpbIlDJqpvydynGg9TkLbmWAz1IveVPzP62YmvgxyJtLMUEHmi+KMIyPR9HMUMUWJ4WNLMFHM3orIECtMjM2nYkPwFl9eJq2zuufWvbvzWuOqiKMMR3AMp+DBBTTgBprgAwEGz/AKb45wXpx352PeWnKKmUP4A+fzB5TFjoU=</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

WR
<latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit>

<̀latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit>
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Particle phenomenology 
Beyond the Standard Model

F. Nesti

Theoretical work 
Phenomenology 
Monte Carlo simulations 

e.g. for the Large Hadron Collider @ CERN 
or future colliders (FCC)

Looking for new interactions, to bring order in the SM, to 
account for cosmological phenomena, violation of baryon or 
lepton number

Z. Berezhiani

ISAPP meeting, 23.10.2026 - C. Macolino 



9

F. L. Villante 
F. Capozzi

• Solar Models  

• Nuclear reactions producing neutrinos from the 
Sun (Borexino experimental data) 

• Ultra high energy neutrinos 
Origin and propagation 
e.g. detected at Icecube 

• cosmic rays interaction across the Galactic Plane, 
diffuse gamma-ray and hadronic neutrino 
production 

NEUTRINO PHENOMENOLOGY AND ASTROPHYSICS

ISAPP meeting, 23.10.2026 - C. Macolino 

IceCube collab. 2026
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RESEARCH ACTIVITY IN  

EXPERIMENTS 

ISAPP meeting, 23.10.2026 - C. Macolino 
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ASTROPARTICLE PHYSICS AT ULTRA HIGH ENERGIES

Ultra High Energy Cosmic Rays                     

•Origin   (production and interactions) 
•Connections with other messengers   (neutrinos, gamma, gravitational waves) 
•Fundamental Physics ?  (nuclear cross sections; space-time structure) 
 
Main local expertise: 

•Hardware/software for the  
Pierre Auger Observatory and Cherenkov Telescope Array

D. Boncioli (Science Coordinator, Auger),   
V. Rizi,  F. Salamida (Detector Coordinator,  Auger) 

Pierre Auger Observatory (Malargue, Argentina)
Cherenkov Telescope Array 
(La Palma, Spain)

ISAPP meeting, 23.10.2026 - C. Macolino 
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DARK MATTER AND NEUTRINO PHYSICS

XENON experiment 

•WIMP search (large mass and sub-GeV) 
•Solar neutrinos (via elastic-scattering or CEvNS) 
•Supernova neutrinos 
•Neutrinoless double-beta decay and other BSM 
channels 

 
Main local expertise: 

•Xe purification 

•Electrodes and HV 

•Photosensors 

•Data analysis: high energy ER, WIMP channels, 
solar nu

A. Ferella (Purification, PR team responsible) 
C. Macolino (Electrodes responsible, Speaker 
Bureau chair) 

ISAPP meeting, 23.10.2026 - C. Macolino 
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DARK MATTER AND NEUTRINO PHYSICS
PTOLEMY experiment 

•Search for cosmic neutrino background 

•Neutrino mass measurement 

•Dirac/Majorana neutrino nature

Capture
Beta 
spectrum

A. Ferella

ISAPP meeting, 23.10.2026 - C. Macolino 

Neutrino capture from a beta-decaying 
unstable nucleus 

HERD experiment 

•Space-based mission for to be installed at the China 
space station in 2027 (3D calorimeter) 

•Galactic CRs (up to the knee), indirect DM, gamma rays

N. Finetti (INFN-Florence)
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GRAVITATIONAL WAVES
EINSTEIN TELESCOPE 

•3rd-generation, gravitational-wave observatory  

•Explore the Universe through gravitational waves 

•Physics near black-hole horizons, help understanding the 
nature of dark matter and the nature of dark energy and 
possible modifications of GR 

C. Macolino

GEMINI project at Laboratori del Gran Sasso (LNGS) 
✓Development of vibration control and inter-platform control 
systems for ET 
✓Test platform for novel inertial sensors (room&cryo-
temperature);  
✓Emulator of a cold lunar permanently shadowed region - GW 
detection on the Moon 
✓Data analysis and evaluation of the science capacity of the ET 
detector configuration

ISAPP meeting, 23.10.2026 - C. Macolino 
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COURSES

•Quantum Field Theory 
•Gauge Theory 
•Relativity & Cosmology 

•Particle Physics •Nuclear Physics & Methods  
•Advanced Laboratory 

Theory courses Phenomenology Experimental courses

•Advanced Gravitation and Cosmology 
•Standard Model and Beyond 
•Dark matter and neutrino physics 
•Cosmic rays and multimessenger astrophysics 
•Astrophysics

Specialized courses devoted to PhD students on advanced statistical data analysis, radioactivity, 
cosmology, astrophysics,…

A number of complements on specific activities/subjects

Additional choices :

Master in Particle and Astroparticle Physics: 2 years (in English)

Bachelor in Physics: 3 years

PhD programme in Physics: 3 years

ISAPP meeting, 23.10.2026 - C. Macolino 
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SYNERGIES

LNGS GSSI INAF

SISSA, ICTP, CERN: collaborations, schools Organization, conferences, joint 
programs (DRD2, …) 

•Scientific Collaborations  
•“Chasing Science” 
fellowships for master 
students 

•Summer Schools 
•Projects with schools  
•SHARPER/Street Science 
•Housing 
•Sport facilities

ISAPP meeting, 23.10.2026 - C. Macolino 
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INTERNATIONAL
EULIST alliance 
A bold alliance of eleven universities 
across Europe bridging the gap between 
society and technology 
Cross-campus collaborative research, joint 
curricula, and virtual/physical mobility. 

• Erasmus+ Study  

• Erasmus+ Traineeship 

• Erasmus Italian 

• Staff Mobility 
Robust Erasmus+ frameworks 

Dedicated International Office 
On-campus Language Centre

Extra-UE strategic plan 

• Multiple international tracks fully 
taught in English (Engineering, 
Physics, Math, ICT). 

• Core programs like InterMaths, 
RealMaths, and MathMods Joint 
Master Degrees. 

• Strategic double degrees  

• UNICORE - University Corridors for 
Refugees 

• contributions to student travel and 
installation cost 

ISAPP meeting, 23.10.2026 - C. Macolino 
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

2025 Chairs: P. Agnes (GSSI), C. Macolino (UnivAQ), N. Rossi (LNGS)

Gran Sasso Hands-on 2025 is a summer school offering PhD students 
the unique opportunity of being directly involved in the research 
project activities at the Gran Sasso National Laboratory of INFN 
(LNGS), the world-leading laboratory for underground physics, 
astroparticle physics, and nuclear astrophysics

• Gravitational waves 
• Dark matter searches 
• Neutrino physics 
• Cosmic-ray physics 
• Nuclear astrophysics 
• Multi-messenger astrophysics 
• Space-based detectors 
• Quantum technologies

ISAPP meeting, 23.10.2026 - C. Macolino 

http://www.lngs.infn.it/en
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

ISAPP meeting, 23.10.2026 - C. Macolino 

Applicants  
INFN Milano-Bicocca

Astrocent, Warsaw Poland

INFN Milano-Bicocca

Austrian Academy of Sciences (ÖAW)

University of Mainz

Radboud University Nijmegen

University of Windsor

INFN Cagliari

INFN Cagliari

Technical University of Munich (TUM)

University of L'Aquila

National Institute for Astrophysics (INAF)

University of Zurich

University of Milano-Bicocca

IP2I Lyon (IN2P3/CNRS)

University of Mainz

University of Houston

Meriem Arabi — University of Algiers (Algeria)

Max Planck Institute for Physics

Max Planck Institute for Physics

INFN Padua

University of L'Aquila

INFN Ferrara

Nikhef

INFN Rome Tor Vergata

University of Zurich

Queen's University

INFN Milan

University of Washington

INFN Rome Tor Vergata

F. Nardis — Not specified

E. Cipelli — Max Planck Institute for Physics

Lorenzo Ascenzo — Not specified

C. Seoane — University of Zaragoza

Francesco Rossi — Not specified

Filippo Camilli — Not specified

Fudan University

Fudan University

Max Planck Institute for Physics

University of Padua

INFN Rome Sapienza

Gran Sasso National Laboratory (INFN)

University of Trento

Stockholm University

University of Hamburg

University of Berkeley
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

Lecturers

ISAPP meeting, 23.10.2026 - C. Macolino 
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

2025 HANDS-ON EDITION success 
-> excellent lectures and research 
projects 

LNGS scientific attractiveness and  
L’Aquila city convenience 

G. Cowan T. Bulik

ISAPP meeting, 23.10.2026 - C. Macolino 
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

Hands-on activities 
1) Data analysis and interpretation of UHECR measurements by the Pierre Auger Observatory 
2) mounting of a scintillating calorimeter with double readout and subsequent cooldown to 10 mK 
3) Characterization of Transition Edge Sensors based Dark Matter Prototypes 
4) Characterization of cryogenic calorimeters for 0νββ decay/characterization of thermal/mechanical 
performance of Pulse Tube cryocoolers 
5) Characterization and optimization of an Optically readout TPC for Direct Dark Matter Search 
6) Characterization and integration of large SiPM arrays in the NOA facility 
7) DAQ operation and synchronization tests  
8) Control of the GEMINI platforms 
9) Light guide characterization/LAr purity monitoring  
10) Cross section measurements at LUNA (Laboratory for Underground Nuclear Astrophysics) 
11) Performance evaluation and particle detection for upcoming space missions 
12) High-frequency electronics testing for the RF detector prototype of the PTOLEMY experiment. 
13) Characterization and measurements with an ultra-pure sodium iodide crystal 
14) Energy Reconstruction, Signals Correction, Using Machine Learning for data analysis from the 
XENONnT experiment 
15) Characterization of GAGG-based neutron detectors 

2 priorities indicated during registration

ISAPP meeting, 23.10.2026 - C. Macolino 
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL
Hands-on activities 
• Commitment of LNGS/Univaq/GSSI researchers 
• Underground facilities 
• Above ground facilities: workspaces, canteen, 

auditorium (mainly at LNGS)

ISAPP meeting, 23.10.2026 - C. Macolino 
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

ISAPP meeting, 23.10.2026 - C. Macolino 

Gran Sasso National Park 

L’Aquila city tour 
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

ISAPP meeting, 23.10.2026 - C. Macolino 

Dinner  
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HANDS-ON ASTROPARTICLE PHYSICS SUMMER SCHOOL

ISAPP meeting, 23.10.2026 - C. Macolino 

Feedback  

Organisers have done a great job. Keep organising these kind of schools.  

In my opinion, this school not only give a chance to students to be the part of 
the LNGS but also gives a great boost to the confidence.  

Thank you so much for the opportunity.  

All the best to the supporting staffs and tutors



ISAPP meeting, 23.10.2026 27

CONCLUSIONS

We are looking forward to work within the ISAPP network to propose, organise 
and advertise advanced training in astroparticle physics, fostering global 
collaboration and training of the next generation of researchers in this field  


