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EUSO Consortium - Institutes

The EUSO instrument consortium is truly global in nature with >150 researchers

In 50 institutions in 6 countries in Europe, the USA, Japan and Brazil.

|| Participant Nations and Institutions ||

|| Brazil || || France || || Italy || || Germany || || Portugal || || Spain || || Switzerland || || USA || || Japan ||
Z I ~
~1AG, Univ —-APC, Paris —MPIfP, Munich —LIP, Lisbon / —0Obs. Neuchatel /
Sao —CdF, Paris —MPIHLL, Munich
Paulo ~IAP, Paris ~MPIfRA, Bonn ~IAA-CSIC, —MSFC & NSSTC, Huntsville

~LPSC, Grenoble —Univ. Wuerzburg Granada —UAH, Huntsville

—LPTHE, Paris ~Dpt.FTC & —-UCB, Berkeley

—OdP, Paris CAFPE, Univ. —UCLA, Los Angeles

Granada —Vanderbilt Univ.

—1ASF, Palermo
—ISAC-CNR, Bologna -RIKEN  --Konan
—INFN & Univ. Genova —-Saitama -- Aoyama
—INFN & Univ. Firenze -NIRS -- Fukui Tech
—INFN & Univ. Torino —-Tohoku -- Kanazawa
—INFN & Univ. Trieste —-Shinsyu -- KEK
—INFN Catania & Univ. Palermo -ICRR -- Rikkyo
—Univ. Roma “La Sapienza” —-Seikei  -- Yamanashi
—Scuola Normale Sup. Pisa -NAO -- Chiba
—0Oss. Astrofisico Arcetri —Musashi Tech
—0Oss. Astrofisico Catania -JAERI - Kinki
—-CARSO —Nara Sangyo
—INOA —0Osaka City -- Ehime
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EUSO-Japan Member
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Scientific Motivation

The Discover cover story is based on the 105-

page Natfional Research Council Committee | 1 What is dark matter?
on Physics of the Universe report Connecting

Quarks with the Cosmos: 11 Science Questions | 2. What is dark energy?

for the New Century.
3. How were the heavy elements from

pocil: New Leaning Sievles on Genefics. puge 7% iron fo uranium made?
Corstentsthe Scenie ol Sntise (hay Vvoe o

4. Do neutrinos have mass?

5. Where do ultra-energy parficles come
from?

6. Is a new theory of light and matter
needed to explain what happens at
very high energies and temperatures?

7. Are there new states of matter at
vitrahigh temperatures and densities?

Q 8. Are protons stable?
--ﬁﬁys:cs e
9. What is gravity?

10. Are there additional dimensions?

11. How did the universe begin?

(Dizcover Magazine's Cover Story For February 2002)

CRIS, G. D'Ali Staiti, Catania, June 4, 2004
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The Instrument: size 2esa
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Length=4.5m
Width = 2.7 m

EUSO : Extreme Universe Space Observatory



EUSO 300 X AGASA 10 X Auger
EUSO (Instantaneous) ~3000 x AGASA 100 X Auger
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E Comparison with ground-based experiments

CRIS, G. D'Ali Staiti, Catania, June 4, 2004
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— Top-down vs. Bottom-up

— LPM

— GZK
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Electronics

single photon counting, fast
10 ns, track time sampling
(Gate time unit) 2.5 msec

Focal Surface

Support Structure

Focal Surface

Focal surface, single photon
counting, high pixelization,
2*10° pixels

Fresnel Lens 2

Entrance pupil

Fresnel Lens 1

Double sided,
2.5 m diameter

\

_/

USA



TABLE A: Responsibility (in % )of EUSO Subsystems and Cost Allocation (in MEuro ) .

. . . Subsystem
Subsystem France |Germany Italy Portugal | Spain |Switzerland | Japan U.S.A. Brazil Esa/MSM Cost Allocation
0,
Optics+ 100%
Opt.Adapter
30.00 30.00
15% 50% 35%
Focal Surface
6.93 21.81 15.84 44 58
20%
0, 0,
AS(Lidar+IR 30% IR/Cam 20%
Camera)
5.00 3.80 7.40 16.20
80% 20%
On-board Cal.
4.80 1.20 6.00
0,
Scient.Operations 100%
and Data Cen.
447 4.47
100%
Attitude Contr.
3.00 3.00
0, 0
System Eng. and 30% 70%
Structure
7.50 17.50 25.00
Collaboration
Member Cost
Allocation 6.93 4.80 35.51 4.47 3.80 7.40 15.84 30.00 3.00 17.50 129.25




Focal Surface detector

(128 PDMs = 0.2M pixels) Elementary Cell
] (2x2 PMTs = 144 pixels)

Photo-Detector Module
(3x3 ECs = 1296 pixels)
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490.20 MM

Optics Requirements
— FoV £30°
— Pupil entrance pupil > 1.9 m
- F#<1.15
— Spot dimension ~0.1<
— Spectral range 300-400 nm

Spot of a prototype
(plano-convex) Fresnel
of 1 m diameter.
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ESA

2000 2
— ESA Astronomy WG Fundamental Physics WG EUSO

2001 1

— EUSO

2001 3

— EUSO Phase-A ESA
D-MSM (D-SCI)

2004 5

— EUSO Phase-A ESA Science WG



ESA Science WG

e 2012

« EUSO 3

— ESA

— Auger



Phase-A E

e EUSO Phase-B
e Phase-B ESA MSM

— D-MSM  D-SCI
e Auger EUSO

. HTV
. Meuro



EUSO

e Auger
— GZK

e Top-Down
e LPM

— GZK

+ GZK
+ GZK
« EUSO

— (>10%° eV)
o 2876 (Super GZK)
o 227 (GZK)

E>

EUSO

eV



(H2A Transfer Vehicle)

JEM



H2A Transfer Vehicle

First Launch:2008

Launch Twice a Year
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Envelope (front side view)
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Phase-B

PMT
- PMT
- PMT
12.7Grms
@

Elementally cell (EC) Photo Detector Module (PDM)
HV



Photo Detector Module

Phase B
. Elementary Cell (EC)
. HV

#45



150

PDM #1
Columbus -900V nominal
Exposed ] HV (variable from @
Payload to -1000V)
Facility Module #1 36 MAPMTS
>
>
120V ;)I'é);\a/:/ Power
Main On/Off—_ > PDM #2
Input HV
Protection Vset Module #2 -900V 36 MAPMTS
Module #1  |111=0.89 3
Redundant Vmon < :
28V 60W for HV .
Voltage || PDM #150
Converter +5V J HV
L Module #N -900V 36 MAPMTS
i 48W for HV >
Redundant >

Nn=0.8

320mwW /PDM —» 198mW /PDM
n=0.62




Simple End-to-End Simulator

EUSO

PMT
PDM, EC

EC




10%eV proton
20

192k pixels

Time (GTU)

X (ixl} Y (pixel)
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1020V 60

Air Shower

| Photo Detector Module (3,3)
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Light Curve (Photon)

EUSO Focal Surface

GTU=2.5usec.



e EUSO Phase-B
— 2005 1Q ESA
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. Phase-B
— PHaseB 2005-1Q 2006-2Q
— Phase-CD 2007-1Q 2009-4Q
— Launch 2010-4Q
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EMERGY {eV)

According to very recent data (May 04):
PD efficiency improved .16/.12=1,33
OM ettficiency loss 0.73/0.83=0.88

EUSO Light collection eff. 1.33=0,88=1.17
with respect to quoted values

CRIS, G. D'Ali Staiti, Catania, June 4, 2004
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M.C. Maccarone.
2003

EUSO angular resolution

J. Dolbeau.
2003

Time [GTU)

At high energy.
without Cerenkov

At 1029 &V, using the
Cerenkov footprint
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Energy resolution (clouds included)

The energy of 102° €V events, in a random cloudy atmosphere, can be retrieved....

Using the ASD info, with 17% (RMS) resolution

In self-diagnosis way, with 27% (RMS) resolution
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hlﬂﬂi

resolution

Scientific requirement 1s 35 g/cm2 to perform primary separation(heavy.vs.light)
Actual result when cloud altitude 1s assumed or no cloud 1s present
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EUSO angular resolution

At high energy,
without Cerenkov
footprmt mformation
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Downward neutrino acceptance for EUSO

golden

EVEHTS WITH CHEREHKTY PENS

Fluorescence only

4

EECONSTRUCTED LOCG x| gfon’|)
(=
'

X .. Selection

-
P

i

oV

Ak

LT

L

EVENTS WITHOUIT CHEREMSDY PELK

=

-2

i
T

i
= |
I L e

RECUMS TRUCETEY LU A M0 s i b
-3
£

Shape Selection

ov

+ p -
L ¥ 115
; 3 Las .
Fa g : 1
- T .y 5 e
n Tl DO D CE L n ey AR sl Pl § oo TH R s 1
- o 10 bl L] 4l 3] il L L1 | 76
RECONSTRUCTED G (IVEG)

Rejection > 104

v 2% 101% g is the total target mass under the FOV
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v' reduction due to trigger efficiency is calculated by full simulation. Clouds distribution is

considered

v reduction due to selection efficiency needed for 10 proton rejection has been calculated from

full simulation

v' results show a sensitivity around 10 times AUGER for neutrino in the102%V energy region

CRIS, G. D'Ali Staiti, Catania, June 4, 2004
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