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« EUSO-Balloon
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* EUSO-Super Pressure Balloon with SIECA (SIPM camera prototype)
* Mini-EUSO
* K-EUSO
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JEM-EUSO

Extreme Universe Space Observatory onboard Japanese Experiment Module

Method:

International Space Station (ISS) Fl uorescence deteCtion
SueLN  (atmosphere as calorimeter)

. , \ | Large field of view:

JEM-EUSO 4 . + 30° by double sided spherical

Fresnellenses

Ulmboton At 400 km (ISS altitude):
2-10° km? (nadir mode)
up to 108 km? (tilted mode)

o “ - v
- ;t Extensive Air Shower (EAS)

4 THRSY

5 ~' E '. ?\“.
. T No need for stereo:
‘\.\{2‘#. ‘ N

400 km >> shower length

-

-
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Exploratory scientific objectives

Astrophysics and Cosmology

« Main Science Objectives:
 ldentification of Ultra-High Energy Cosmic Rays (UHECRSs) sources
» Measurement of the energy spectra of individual sources
 Measurement of the trans-GZK spectrum

- Exploratory objectives:
* Discovery of UHE neutrinos
* Discovery of UHE Gamma-rays
- Study of the galactic and local extragalactic magnetic field ______

Atmospheric Science
* Nightglow

« The transient luminous events (red sprites, elves, blue Jets)
« Slow events (meteors) |

Earth Science
* Animal and plant bioluminescence

A new window on the unknown

« Search for nuclearites made of sl
Strange Quark Matter (SQM)
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The observationtechnique

Background =500 ph / m?sr ns

- Orbit altitude: . .
JEM-EUSO ~400km (from Tatiana satellite)
UHECR ° Fast signal: ~50-150us
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The observationtechnique

| Nadir mode FOV
N Tilted mode FOV

Uniform coverage of

both hemispheres!
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The focal surface detector

Hamamatsu R11265-113-M64 MOD2

/ \ Elementary Cell - EC
\ & UV-Filter
Multi-Anode

2x2 MAPMTSs = 256 pixel
Photomultiplier

Tube - MAPMT
8x8 pixel

19m

Focal Surface DeFector Photodetector Module - PDM
137 PDMs = 0.3 Mpixel 3x3 ECs = 2,304 pixel

Focal surface:
- prototypes of PDM available
- FOV of | PDM =27 x 27 km? from space
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Single PhOton Calibration stand at Kit (SPOCK)

lots of cables
& connectors

translation stages

4y

light source l&
>
MAPMT-board A

“ ’:{j@é.

SiPM-board

« Uniform Lambertian light source
 Known outputvia NIST-Photodiode
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Current experiments
v EUSO-TA
v EUSO-Balloon
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EUSO-TA at Telescope Array (Utah)

Characteristics

* Focal surface: 1 PDM
(36 MAPMTs, 2304 pixels)

» Optics: 2 Fresnel lenses

« FOV: =£5.25°

Central Laser Facility
(CLF)

\{)7
&
Main purpose:
« Calibration

(CLF and ELS)
* Detection of cosmic rays

Status: Active since 2015
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EUSO-TA first measurements

13 May 2015
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13th May 2015

Telescope Array event reconstruction

Telescope Array reconstruction TA+ EUSO-TAFOV
e Zenith = 35° S 35F
«  Azimuth = 7° (clockwise from North) % - o
» Impact parameter Rp = 2.5 km 2 30— :
- Core=(14.8km,-10.9km)respect £ [ . ‘
CLF S 251 "
- E=10%8eV ® F =
20:_ . o .
EUSO-TA configuration = . T
- EUSO-TAelevation = 15° = i
105— .
S = :
T P R B SR R B

240 260 280 300 320 340 360
azimuthal angle clockwise from north [deg.]

Field of view of
TA Black Rock Mesa fluorescence detectors
and EUSO-TA
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Telescope Array reconstruction
Zenith = 35°

Azimuth = 7° (clockwise from North)
Impact parameter Rp = 2.5 km
Core = (14.8 km, -10.9 km) respect
CLF

E=10'8¢eV

EUSO-TA configuration
EUSO-TAelevation = 15°

Offline simulation

+ background (from data)

13th May 2015

5 35F
@ PL
k- - . . - ..
o - 2 _f . .
2 30— AR~ . B
S - X - S
s . . .
8 - - RS SRR -
g 25 . --iF .
20: I R, X
g B
15— %é( ey
10— .
sf— .
S P SN SR SR P SR
240 260 280 300 320 340 360

azimuthal angle clockwise from north [deg.]

o E . | 5 (] E
f_é C E EmnE e . = l‘:- L 8 é C
> 40Fa-" il 10 > 40F
- - u | | L C
C " L | I | r 9 -
B = % -
32 u w 8 32
c M -
r Fa™ 7 -
24: n ‘ ...... - " - 6 24:
C B . | C :
F m " l 5 5 C
16_ JI e L m 4 16:_ M
:. u | | r - 1 3 o | | | - ‘- I.
C | || || ] | I
8- 5'":::.' . . I e e
t Ae . " - ol
- I. —1 :.l | - | |
0:1| |.|||i||.|||| ||||||||||||||||||||| _0 0;|||||.||||.||*||.|| |||||| WLy by
0 8 16 24 32 40 48 0 8 16 24 32 40 48
X (pixels) X (pixels)

The path for measuring Cosmic Ray Air Showers from Space

Francesca Bisconti- IKP
francesca.biscont@kit.edu

12 g
c
13
o

10

9

8

7

6

5

4

3

2

1

0



R, (km)

15

30

25

20

15

10

Detected and not detected events
Simulation study

Visual evaluation of the
“visible” simulated events

- 30

B Detected events E -
B Candidate events o - Total counts > 200
— Not detected - visible in simulation 25— 150 < Total counts < 200
B Not detected - visible in sim. but on noisy PMTs B
B B 100 < Total counts < 150
L Not detected - visible in sim. but on defective PMTs B <
— Not detected - not visible in sim., too faint 20 — Total counts < 100
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in the simulated events
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EUSO-Balloon

JEM-EUSO prototype at 40km altitude m&nsc,m
Characteristics: Main purposes:
* Focal surface: 1 PDM » Engineering tests
(36 MAPMT, 2304 pixels) « UV-background measurement
* Optics: 2 Fresnel lenses
« FOV: =6°

Status: Successful first flight in August 2014!

radiator

electronics subsytems
on "dry shelf"

PDM

0.81m

instrument booth

> -

Fresnel lens L3
fixed/tight

2 14m Fresnel lens L1

adjustable

optical bench

" evacuation
holes
_____ Baffle &
“deceleration cylinder”

'<

IR Camera

1.20m
-
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EUSO-Balloon
First flight from Timmins, Canada: 25th August 2014

S Suchuy Sault Ste. Marie O

float 3:43 UT

termination 8:20 UT

Timmins Stratospheric Balloon Base

- \__//
~ launch 0:53 UT splashdown 8:59 UT

| 100 km
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EUSO-Balloon
First flight from Timmins, Canada: 25th August 2014
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~ 5h data available (IR camera and laser/flashers)

5 o

IR Camera — 400
«  One picture every 80 s T
* Cloud attenuation e
* Cloud top altitude e
* Correction of EUSO-Balloon =
data to retrieve the intrinsic 10
luminosity of laser/flashers b =

50 —

O:
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EUSO-Balloon Ler Trck

Preliminary results

EEEE ER
| ENEE B il
N  SEEENE _EECEE
EEEENE EE DETE
L 1

o

100 200 300 400 500 60
Pixels in X axis

Cloud coverage and optical depth in the IR at 05:15:51 UTC
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Future experiments
o EUSO-SPB

o Mini-EUSO

o K-EUSO
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SiPMs option

Hamamatsu
e ~same pixel size S13361-3050AS-08

0.2 mm gap between pixels

[pm]

B Substrate edge to

20 active area

200 Between active areas

/

(

Resin thickness 100

Thomas Huber

Substrate Bump ball Active area

Chip Contact pad
(or connector)
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MAPMTs vs SiPMs

SiPMs already usedin fluorescence detectors (FACT/ FAMOUS)

PMT SiPM
PDE 20-45% 20-60%
Gain 10° 10°
TTS (Transit Time Spread) ~1ns ~1ns
Dynamic range 109 10°
Dark noise rate ~kHz ~MHz .
Behaviorin magnetic fields ‘
Operation Voltage 1000+ V. 50-70 V
Temperature sensitivity .
Robustness and compactness . @
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Investigation of SiPMs with an Atomic Force Microscope
before/after cooling

« Temperature tested: +25=p-42 °C

 No structural issues

SiPMs are usable in
space temperature

conditions
opm 5 10 15 20 25
Before cooling: ° 00 om
3 300
10 250
o Screened APD Cell
15 100
20 50
0
25 -50
-150 T -
Oum 5 10 15 20 25 ;:_b *****
1 . 400 nm
After cooling: o
300
250 IIIlI-IIII’II
200 NSNS ENESEESEE NN
150 e ey
100
50
0
-50
-150
X (um) Thomas Huber
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SiPM Elementary Cell Add-on camera (SIECA)

EUSO-Super Pressure Balloon
» Delivered to NASA

* Foreseen flight: Spring 2017
from Wanaka, New Zealand

Si-DAQ and Si-Mezzanine
Aluminum Frame

Si-Mezzanine
Board

Si-DAQ Board

Xilinx Virtex
Spartan 6 FPGA

Weeroc Citiroc

(x8) Si-EC Board Timmins PDM
Similar to SPB
Si-EC Aluminum Hamamatsu . .
Frame 24-ch N(|P4P§: William Painter
rrays (x
Max Renschler
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SIECAtests in SPOCK

Voltage to LED: 3V
LED distance: 0 cm 20 cm 30 cm 40 cm

8
74
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4
3
2
1

e N W H D N
- N Wb DN
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o
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o

J 1
123 4567 8 910111213141516 123 4567 8 910111213141516

123 4567 8 9111213141516 123 4567 8 910111213141516 0

LED distance: 20 cm
Voltage to LED: 3.1V 33V 35V 3.7V
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123 4567 8 91011121314 1516 ° Y 12 3 456 7 8 910111213 14 1516 12345067 8 9 10111213 14 15 16

0

William Painter, Alexander Menshikov (IPE)
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The long journey of SIECA
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Integration of SIECAiIn EUSO-SPB

Mechanical integration of SIECA
in EUSO-SPB electronics box

(PDM covered with black paper,
SIECA covered with silicon tape)
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EUSO-Super Pressure Balloon (EUSO-SPB)
On board the long-duration balloon flight (NASA)

Characteristics:
* Focal surface: 1 PDM (36 MAPMT, 2304 pixels)
» Optics: 2 Fresnel lenses
+ SIiECA (SiPM camera)

» Altitude: 40 km

« FOV: +6°

Main purposes:

First EAS measurements from Space!!
Engineering tests

UV-Background measurement

Test SiPM focal surface with SIECA

Status: Sent to NASA, delivered to New Zealand
Launch: Spring 2017

 NASA's first Super Pressure Balloon flight,
March 2015, Wanaka, NZ

* Duration: 32 days, 5 hours, 51 minutes

* Flight altitude: ~33km
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Mini-EUSO on the ISS

Characteristics: -
» Focal surface: 1 PDM (36 MAPMT, 2304 pixels) _—
* Optics: 2 Fresnel lenses
* Altitude: 400 km

« FOV: £19°

Scientific objectives:

« First map of the Earth in UV during night time

» Study of atmospheric phenomena and
bioluminescence at Earth

« Study of meteors

wd G¢

Technological objectives:
» First use of Fresnel lenses in space
* Optimization of characteristics
and performances of EUSO
* Raise the technological readiness
level of the Hardware

Status: Operation approved
Launch: October 2017
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Mini-EUSO on the ISS

E Gtus 0-160 Hits on screen: 305 R 2
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Left: Light profile observed in the Mini-EUSO for an E = 10" eV Sicily island (Italy)
cosmic ray event. seen by Mini-EUSO

Right panel: number of photoelectrons vs time (1 GTU = 2.5 us) for (Simulation)
the same event.
(Simulation)
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K-EUSO

JEM-EUSO mission currently suspendedfor funding problems

The foreseen space-based mission is K-EUSO joining the Russian project KLIPVE,
smaller version with 52 PDMs and a mirror instead of lenses

_T : I : I : ]
JEM-EUSO

METS
KLYPVE Baseline

-
=

[
T

----------------------------------

KLYPVE (orig.)

Annual Exposure (km® sryr / yr)

.................... 1L SRR DU I O B
10°
| ; |
10" 10
Energy (eV)
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Overview

\ \.. MINI-EUSO
4 ISS (400 km)

Bioluminescence

Earth emission
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