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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 2
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Fluxes of Cosmic Rays
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Heavy Nuclei Collector (HNC) [30m?]
lanned for ‘Freedom’ Space Station

MOHTE CAHLD OF HHC HESDLUTIOH
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ENTICE ~.2.5m
Active < Elettronic
Area=4m?2 device
ECCO Active
Area=23 m? Etching of

charged” glasses

On the Moon:
- no magnetic field
- easily deploied

easily recovered

Figure 1—HNX 1s shown in its deployed configuration.
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The KNEE region
(3 x 105 eV)

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

but also

Border energy between different acceleration
processes of cosmic rays in the Universe.
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‘Standard’ model
of the acceleration of cosmic rays
In supernovae
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Fig. 3. Enerpy dependence of average mass number of primary cosmic-ray particles.
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Lunar facility for HE gamma rays and HE Cosmic Rays
(surface > ~100m2 modules)

Moon surface

Water reservoir depth =
~10m

Cherenkov light detectors

>

side >=10m
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5+10 m

5+10 m

Lunar facility for HE gamma rays and HE Cosmic Rays

(several ~100m2 modules)

Direction and ionization measurements

Hadronic calorimeter

Electromagneticicalorimeter |

)) ~100 m
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Figure 1.- A large ionization calorimeter built into the shielding of a manufacturing facility or a
laboratory on the Moon. The dashed lines represent layers of gas-filled ionization counters.
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AntiHelium / Helium flux ratio
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5+10 m

5+10 m

Lunar facility for HE gamma rays and HE Cosmic Rays

Direction and ionization measurements
| |Spectrometer &||
i i i | lindentification ||
Electromagneticicalorimeter |
' Hadronic calorimeter
< >

)) ~100 m
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Ultra High Energy cosmic rays

Extragalactic (gyro-radius)

Unknown acceleration mechanism:
- no sources 1dentified in 50-100 Mpc distance

Possible UP-DOWN generation:
- ¢.g. topological defect decay
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Pierre-Auger Observatory
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EUSO on ISS
L) Ii'_.--’

A

i Image and Time Structure

s ]
50 Cherenkow
Fluorescence (15%)
257 |
0 an (7]
"—m —-H-_m e

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: N, = E_,, / (1.4x10 ®). The UV yield is

~4 photons per meter of electron track, almost independent from air pressure and temperature.
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The OWL Concept

Uge air flucrescence technique to image 300 = 400 nm
photonsg in ~ 0.1% pixels (with 10 nes — us timing), from low Barth,
equitorial orbit, airshowers induced by E & 1017 &V cosmic rave

Wide angle (~ 60% full, FOV) optics ata 540 km orbit in a stereo
configuration — an asymptotic, RStanianeous aperhire
~ 3 3 10° lan®-gter

10% duty cvcle — effective aperture ~ 3 x 107 km®-ster

Assuming T (E) ~ B2 the asymptotic OWL stereo aperture leads
to ~ 3000 eventefvear with E = 1020V

K WL could be a stepping stone to viewing majority of night side
| atmosphere
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A proposal from NASA: OWL

SOt O BT

Vi ’Eﬂ.!. T RN aN
.m.ﬂ TR S Eﬁfm S

Vs R R R
£ G777 ’lﬂ ﬂﬂﬁa )

MII:
-.;:r
AR AR

.': mmw.r N0 TS ! J I O N - !_.w"ﬂll: &

L PR RN Em e [CR-ma e M e e

Corrector Plate

Vulcano Workshop 2006 40
May 21-27, Vulcano, ltaly



Deployment of OWL from a Delta 4050-H-19

[
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Moon Base: candidate optical configurations

On axis Afocal Telescope Beam splitter
—> More compact (dichroic )
—> Best optical performances
— Easy detector coupling

Primary mirror

/

Angular field
diaphragm

/

Secondary mirror /

«iifiim»

Filter stage

gy

Auxiliary optics
—> Satisfy filter specification
—> Compliant respect to any

optical and mechanical
Baffle requirement.

N

Mechanical tolerances Can be solved with active control of mirror surface
May 21-27, Vulcano, ltaly




Moon Base: candidate opftical configurations

Primary mirror

Off axis afocal system
—> No obstruction
—> Easier system arrangement

Secondary mirror

Tertiary mirror

Filter stage

Moon Base: Astroparticle, 43
Washington 12 Oct 05
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106 | _(m)= spectral index -2.6
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altitude pupil of threshold in observed effective

(103km) the otics energy(eV) mass(1072t) area
| ! | | (108km?sr)
Auger(N+s) o = - ~10"® 003 0.3 1 0.007
EUSO 0.4 2m 5x101?  0.18 1.8 0.1 0.05
EUSO (siPMm) 04 2m 1x107®  0.18 1.8 0.1 0.05
OWL (binocular) 0.8 5m 5x10'°  0.50 5.0 0.1 0.3
OWL (2xmono) 0.8 5m 3x101%  1.00 10.0 0.1 0.6
Moon Based 400 20m 102 72 720 0.2 144
400 67m  ~102 72 720 0.2 144
400 200m  ~102" 72 720 0.2 144
400 670m  ~1020 72 720 0.2 144
400 2000m ~10%® 72 720 0.2 144
| |
observed Duty
area(10%km?) cycle
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A new actor on the scene of CR from space?

neutrino

new instrument for
Astrophysics,
Cosmology,
Particle Physics

Vulcano Workshop 2006
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Eparticle = 1020 eV
what particles? from where? . .
dimension
of the
Universe
100 1000 10000 Mpc
nuclei protons
(photod. (photopr.) neutrinos
neutrons  eletrons, photons (CMB inter.)
(decay) (pair production)
50
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Conclusions

High Z: Heavy Nuclei eXplorer (HNX) [exp. ENTICE ed ECCO] in 'stand by’

Isotopes (E>GeV/n):

Rare components:

possible only on the Moon surface
on Earth orbit =80 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

antiN/N up to <10° (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)

Ultra High Energies:

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

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 (Ev>10E) is feasible




