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A multi -disciplinary research and team
(particle physicists and volcanologists)

MU -RAY project

Universities and INFN Firenze, Napoli and Perugia
VesuvianObservatoryi INGV
Earthquake Research Institute (ERBP Tokyo
Fermilab, IN2P3-CNRSOrsay

Stromboli and Unzenlava dome

Universities and INFN Napoli and Salerno
Gran Sassd_aboratory- INFN
VesuvianObservatory INGV
ERI - Tokyo



Muons: a gift from the Cosmos

Cosmic ray interactions in the
atmosphereprovide a flux of
very high energymuons
from pion decays

Muons are
penetrating particles:
no strong interactions
mass~ 200 x electrommass
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nAMuon Radiographyo

p —proton
n—neutron
i, i, ' —pions
W, i —muons
¢ —electron

¢ —positron
v —neutrino

Y —gamma-ray




Muon radiography

NnSe¢hei nvi si bl eo
by observing themuon absorption in matter
depending on its density

As we do with Xrays =a § i>
but at much larger depths in matter — =1
X-rays

X-ray
detector

First proposed to determine the thickness of snow layers on a mou
E. P. GeorgCommonwEng., July 1955

Possible applications in various fields



The first application of Muon Radiography

Sear ch or |l dden chamber
L.W. Alvarez et al. Science 167 (1970) 832



No hidden chamber in the pyramid

Spark chambeiimuont el e s ¢ o p e 0 Telescope in Belzommhamber

Simulation with hidden chamber

Data and simulation are corrected
for pyramid structure and
telescope acceptance




An old question: what inside volcanoes?

Athanasius Kircher, Mt. Vesuvius (1638)
Hypothesis that volcanoes are connected to the center of the Ear



An old question: what inside volcanoes?
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Athanasius Kircher, Mt. Vesuvius (1638)
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Muon radiography of volcanoes

Muon telescope

d

Quask
horizontal
muons

e

A Reconstruciuontrajectoriesb y nauonfie |l escope 0
A Measurethe muonflux absorptionas a function ofhe muondirection
Aéé

A Draw a map (in projective geometry) of #neerage rock density

Limited to the upper part of the volcano

Can help computer models in predicting
Ahowbo an eruption coul d

Nothingonwheno 1t may happen



How large and penetrating is the muon flux?

muons/srn®s

Quasthorizontal muons
1 are more penetrating |
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Harder spectrum for quasi-horizontal muons
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Quastkhorizontal high energypions have time to decay
(alwaysthanks to Lorentz timéilation)

Plot from HTM Tanaka et al., EPS 62 (2010) 1



Pioneering radlographles In Japan since 200

Radar shadow Radar shadow
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H.T.M. Tanaka and coll.
EPSLett. 263 (2007) 104



How light and muons see the Usu lava dom
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H.T.M. Tanaka and I. Yokoyama, Proc. Jpn. Acad. B84 (2008) 107



Experimental technigues

Radar shadow Radar shadow Mt Asama
3 H.T.M. Tanaka and coll.
Telescope area ~h?

mrac

Nertial Angle

EPS Lett. 263 (2007) 104

Resolution~ 70 mrad
NIM A507 (2003) 657

]
Horizomal Angle

PLASTIC SCINTILLATORS

NUCLEAR EMULSION
Precisemuon tracking

Analysis in realtime
Resolution~10 mrad (asscattering) Long exposures possible
Minimal infrastructure

No electric power
Usable in difficult locations
Unusable in warm season
Area limited by scanning power

b4

D
Stromboli, Unzenlava dome




Nuclear emulsionmuon telescopes

Longitudinal structure

micro-tracks

4 emulsion films o A
1 iron plate m--c'g ------------------------
Very compact @
Precise and redundant tracking E —
(1 micro-track / em. film) érﬁulsion emulsion film
45mMm 0.3mm

C A1l m2telescope taking data atJnzenlava dome
C A1l m2telescope at Stromboli next winter



Stromboli

Sciaradel fuoco

AfiStromboliand act i v i
A essentially open conduit

A intermittent eruptions due to
Increase in gas pressure

A rare effusive activity
A Summit at 926 ma.s.l
A Crater at ~ 750 ma.s.l
A Large scientific interest




Expected at Strombol
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An expanding field

DIAPHANE project for volcanoes in
the Lesser Antilles

A5 cm wide plastiscintillatorstrips

A Multi-anode Photdultiplier Tubes

A0.64 n? area

ARock thickness 9.5 km

A3 telescopes at LBoufriere(Guadeloupe) for 3D tomography

Studiesof geological structures from Rock density [gien?]
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Rock thickness
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4 Muon Detector
Mt. Asama Usu lava dome
So far< 1 km

Improve sensitivity for larger rock thickness
(telescope area, data taking tirmad background rejection)




Mt. Vesuvius




