
Moon Base: Astroparticle,
Washington 12 Oct 05

1

Moon Base: Scientific Opportunities
for Astroparticle Physics

Piero Spillantini

Univ. and INFN, Firenze, Italy

Vulcano Workshop 2006
May 21-27, Vulcano, Italy



Moon Base: Astroparticle,
Washington 12 Oct 05

2

Response to the Cosmic Vision 2015-2025 ESA call

LUNAR OBSERVATORY FOR COSMIC RAY PHYSICS

We propose the ambitious idea of observing Primary Cosmic Rays (PCR) and High Energy
Gamma Ray (HEGR) from the Moon, discussing its major scientific and technological advantages
as well as the exceptional opportunity for an incomparable breakthrough in this frontier science.
There are some important measurements that can be conducted on the Moon surface:

………………………………………………………………………………………………………………
Each of these measurements could take advantage from, and be the target of, a specific project
for a dedicated Moon-based experimental facility. However, the combination of all of them in a
single base represents the very challenging and really advanced program, because of the
synergy of different detection systems and measurements.
………………………………………………………………………………………………………………………………

The observation of PCR and HEGR on the Moon will imply a unique opportunity for strong
developments of technologies for extraterrestrial applications (building structures on a low gravity
and inhospitable surface, use of local materials, robotic operations and equipments – even mobile
– robotic handling and assembly, deployable structures, development of Earth-Moon carriers and
Lunar landers, etc.), giving Europe further fields of excellence.

Pace Emanuele, University and INFN, Florence, Italy
Spillantini Piero, University and INFN, Florence, Italy

Florence, 30 May 2004
Vulcano Workshop 2006
May 21-27, Vulcano, Italy
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knee ankle toe ?
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Very high Z
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Heavy Nuclei Collector (HNC) [30m2]
planned for ‘Freedom’ Space Station

Vulcano Workshop 2006
May 21-27, Vulcano, Italy



Moon Base: Astroparticle,
Washington 12 Oct 05

10

Elettronic
device

Etching of
“charged” glasses

On the Moon:
- no magnetic field
- easily deploied
- easily recovered
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The KNEE region
(3 x 1015 eV)

Border energy between space (balloon and 
satellite borne) and ground based experiments.

Border energy between different acceleration
processes of cosmic rays in the Universe.

but also
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‘Standard’ model
of the acceleration of cosmic rays

in supernovae

First order Fermi acceleration:

+ limits in energy:

Elimit = BLZ = 3 x 1014 x Z eV

B = magnetic field

L = characteristic dimension 
of the magnetic turbolence

Z = charge of the nucleus

+ chemical composition change at E > ~1014 eV

+ power index of spectra changes

+ isotropy of the fluxes
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ACCESS

GF ª 2x2m2x1sr
Mass ª 5t
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Water reservoir

Cherenkov light detectors

Moon surface

depth =
~10m 

side >ª 10m

Lunar facility for HE gamma rays and HE Cosmic Rays
(surface > ~100m2 modules)
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5÷10 m

~100 m

Direction and ionization measurements

Electromagnetic calorimeter

Hadronic calorimeter

5÷10 m

Lunar facility for HE gamma rays and HE Cosmic Rays
(several ~100m2 modules)
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 Be    B    C    N    O    F   Ne Na Mg  Al   Si    P    S      Cl     Ar     K         Ca      Sc     Ti        V       Cr       Mn    Fe      Co      Ni      Cu  Zn

LISA project for ASTROMAG: Events/3years (80% duty cycl., losses 50%)

13C         18O                   34S            38Ar                54Fe 58Fe     60Ni 62Ni

“rare” isotopes:

nucleosintetic origin of CR

10Be      14C       26Al             36Cl 54Mn

Beta decay:

Residence time in the Galaxy

41Ca       44Ti       49V     51Cr  53Mn 55Fe 57Co56Ni59Ni

electronic capture: 

time between nucleos. and  accel.
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AntiM. ‘ideal scheme’
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Secondary
production
(upper and
lower limits)
Simon et al.

Primary
production from
c c annihilation

(m(c) = 964 GeV)

Secondary
production

Primary 
production

PAMELA
ANTIPROTONS

expectation

AMS98

 P. Picozza and A. Morselli, astro-ph/0211286
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Antip (3
andamenti)

Spillover of p on antip = 0.2 of the antip fluxTo go up in Energy needed
to improve the precision of 
the Magnetic Spectrometer
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(no assumption on
antiHe spectrum)

AMS STS-91 (1998 )
(antiHe spectrum same
 shape of He spectrum)

BESS (2004+2006 LDB
flights)

AMS 02 (2008-10)

(2006-8 )           

AntiM (con PAMEA&AMS)

ANTIMATTER LIMITS

To go up in sensitivity needed
to increase the acceptance of 
the whole Spectrometer
(magnet, tracker, identification) 
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B integrated on the path
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deflection for various p vs distance 
from the Earth centre
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5 Earth radii
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rate/100m2 for >0.001 deviation
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5÷10 m

~100 m

Direction and ionization measurements

Electromagnetic calorimeter

Hadronic calorimeter

Spectrometer &
indentification

5÷10 m

Lunar facility for HE gamma rays and HE Cosmic Rays
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Ultra High Energy cosmic rays

Extragalactic (gyro-radius)

Unknown acceleration mechanism:
- no sources identified in 50-100 Mpc distance

Possible UP-DOWN generation: 
- e.g. topological defect decay
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#S

#SS

Pierre-Auger Observatory

N

Northern Auger
in Colorado

Southern Auger
in Argentina

50km
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Fig. 2.1 – Artist view of the EUSO concept. The shower development occurs in the atmosphere layers 
below 30-40 km a.s.l.; the isotopic fluorescence emission is proportional at any depth to the number of 
charged particles (mainly electrons) present in the shower front: Ne ª  EeV / (1.4x10 9). The UV yield is 
ª4 photons per meter of electron track, almost independent from air pressure and temperature. 
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A proposal from NASA: OWL
Deployable Schmidt camera

Inflatable light shield and shutter

Vulcano Workshop 2006
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Folded for launch
During deployment

Packaged in the spacecraft

Deployment of OWL from a Delta 4050-H-19
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INOA

Moon Base: candidate optical configurations

  On axis Afocal Telescope
fi More compact
fi Best optical performances
fi Easy detector coupling 

Mechanical tolerances Can be solved with active control of mirror surface

    Auxiliary optics
fi Satisfy filter specification
fi Compliant respect to any
       optical and mechanical
       requirement.

Primary mirror

Beam splitter
(dichroic )

Angular field
 diaphragm

Filter stage

Secondary mirror

Baffle
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Moon Base: candidate optical configurations

            Off axis afocal system
fi No obstruction
fi Easier system arrangement

Primary mirror

Secondary mirror

Tertiary mirror

Filter stage

INOA
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altitude pupil of threshold in observed effective
(103km) the otics  energy(eV) mass(1012t) area
  |     !      |    | (106km2sr)

Auger(N+S) 0 -------- ª1018 0.03 0.3 1 0.007

EUSO 0.4 2m 5x1019 0.18 1.8 0.1 0.05

EUSO (SiPM) 0.4 2m 1x1019 0.18 1.8 0.1 0.05

OWL(binocular) 0.8 5m 5x1019 0.50 5.0 0.1 0.3

OWL(2xmono) 0.8 5m  3x1019 1.00 10.0 0.1 0.6

Moon Based 400 20m ~1023   72 720 0.2 144
400 67m ~1022   72 720 0.2 144
400 200m ~1021   72 720 0.2 144
400 670m ~1020   72 720 0.2 144
400 2000m ~1019   72 720 0.2 144

   |   |
observed Duty
area(106km2) cycle
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new instrument for 
Astrophysics, 
Cosmology,  

Particle Physics

A new actor on the scene of CR from space?

neutrino
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neutrons
(decay)

nuclei
(photod.)

eletrons, photons
(pair production)

protons
(photopr.) neutrinos

(CMB inter.)

dimension
of the

Universe

 what particles? from where?

1 10 100 1000 10000 Mpc
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Eparticle = 1020 eV
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Conclusions
High Z:  Heavy Nuclei eXplorer (HNX) [exp. ENTICE ed ECCO] in ’stand by’

possible only on the Moon surface

Ultra High Energies: up to few * 100 EeV on Earth surface (going on)
   up to 1000 EeV from orbit (but EUSO in ‘stand by’)
   up to a few 10 ZeV from the Moon surface, 

also higher from Moon orbit
   a UHE Neutrino Observatory (En>1019) is feasible 

Rare components: antiN/N up to <10-9 (AMS)
     antip, e+ up to a >200 GeV (PAMELA ed AMS)
     electrons up to >3 TeV (PAMELA, AMS, CALET)

1-10 TeV region on reach on the Moon surface
Elemental composition:  up to 100 TeV by ballooning (going on)

up to 1 PeV in orbit (several projects and concepts )
up to 100 PeV (well behind the knee) on the Moon

Isotopes (E>GeV/n): on Earth orbit ª80 are accessible but no plans exist
light  isotopes from PAMELA and AMS in next years
high rate assured on the Moon up to very high E


