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Preamble  
The Extreme Energy Frontier:  
The end of the Cosmic Ray 
Spectrum 



UHE and EE region 

1st Knee 2nd Knee 

Ankle 

HE flux 
suppression 
(GZK?) 
 

JEM-EUSO EE target region 

EECR 

E > (5-6)×1019 eV (~1016 keV) 



Part I 
What is JEM-EUSO? 



The Extreme Universe 
Space Observatory on-

board the Japan 
Experiment Module 

(JEM) of the ISS 

Heritage of the ESA EUSO study 

2001- 2004 



Japanese Experiment Module  
“Kibo” (Also NASA) 

���, Hope 

51.6° 



Robotic Arm 

Candidate positions 
for JEM-EUSO 

Non Standard Payload: mass > 500 kg, 
envelope > 1.85m×1.0m×0.8m  



Falcon 9 

Dragon 



Science Instrument on HTV 

H2B Transfer 
Vehicle (HTV)�

Side view�

3.7m�

The Telescope has to be deployed after it is attached at the ISS 

2.65 m  

1.5 m  



New study: the SpaceX Dragon option 

JEM-EUSO accommodated in 
the Space X- Dragon launcher 

SpaceX Dragon attached to the ISS Remote 
Manipulator Arm on May 25, 2012 (Credit: NASA) 

Circular optics: Same perf. 

The JEM-EUSO Collaboration “The JEM-EUSO Instrument" (Exp. Astr. 2014) 



Mission aspects have been successfully studied ! 
improvements 

Parameter Value 
Mission Lifetime 5 years 

Rocket H2B or Falcon 9 
Transport Vehicle HTV or Dragon 

Accommodation on JEM EF#2 or EF#9 
Mass 1770 kg ! 1153 kg 

Envelope 290 cm(x) x 270 (y) cm x 160 (z) 
Power 926 W (op.) 352 W (non op.) 

Data rate 300 kB/s (+ on board storage 10 GB/s) 
Orbit 400 km 

Inclination of the Orbit 51.6° 
Operation Temperature -10° to 50° 



Deployment 
Mechanism�

Science Instrument deployed (Schematic) 

Focal Surface�

Focal Surface  
Detector and  
Electronics�

Pallet�

Front Lens�

Middle Lens�

Rear Lens�

Optics 
Fresnel 
lenses�

Precision optics cancels chromatic aberration.  
Materials: PMMA+CYTOP 

Atmospheric Monitoring 
System: IR-Cam + Lidar�



The UV Telescope Parameters 

Parameter Value 
Field of View ±30° 

Monitored Area >1.3×105 km2 

Telescope aperture ≥2.5 m 
Operational wavelength 300-400 nm 

Resolution in angle 0.075° 
Focal Plane Area 4.5 m2 

Pixel Size <3 mm 

Number of Pixels ≈3×105 

Pixel size on ground ≈560 m 
Time Resolution 2.5 µs 

Dead Time <3%   
Detection Efficiency ≥20% 



Part II 
How does JEM-EUSO observe? 



Technique: fluorescence from space 

J. Linsley Y. Takahashi 
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Figure 1: Left: Illustration of UHECR observation principle in the JEM-EUSO mission.
For the telescope at H0 ∼ 400 km altitude, the main signals are fluorescence photons along
the EAS track and Cherenkov photons diffusely reflected from the Earth’s surface. Right:
Components of the photons at the detector pupil for standard EAS with E = 1020eV and
θ = 60◦ as simulated by ESAF (see Section 5).

resolution of 0.074◦. The FS detector converts the photons into electric pulses104

with ∼2 ns width, which are counted by the electronics in Gate Time Unit105

(GTU) of 2.5 µs. A typical night-glow background of 500 photons m−2 sr−1
106

ns−1, as reported later in the text, corresponds to ∼ 1.1 photoelectrons GTU−1
107

per pixel.108

The orbit of the ISS has an inclination 51.6◦ and H0 can range between 278109

km and 460 km according to the operational limits [24]. The sub-satellite speed110

of ISS and the orbital period are ∼ 7 km s−1 and ∼ 90 min, respectively. Apart111

from effects by orbital decay and operational boost-up, the ISS motion can be112

approximated as a circular motion. Among these elements, H0 is variable on113

long-time scale. In the present work, we assumed H0 = 400 km as a reference114

and constant value.115

The observation area of the Earth’s surface is essentially determined by the116

projection of the FoV seen by the PDMs aligned on FS. The FoV of the optics is117

estimated by means of ray trace simulations [17, 25]. The area where incoming118

photons are effectively focused is within the region observed by the outer most119

PDMs.120

Figure 2 shows the FoV of the entire optics (solid curves) and those of PDMs121

(dashed curves) for the case when the ISS is located above the central Italy at122

H0 = 400 km. The background in the figure represents the annual average123

intensity of light pollution measured by DMSP satellite (see the next section for124

7

L. Scarsi 



p, 1020eV, 60 deg 

GTU time units 

32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Figure 3: Point spread functions simulated with the RIKEN
ray-trace code interfaced with ESAF for several inclination
angles (0, 5, 15, 25 deg). On the axes the position in mm
on the FS can be read.
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Figure 4: Composition of the photons at the detector pupil.
Standard shower (1020eV 60 deg) as simulated by ESAF
with the GIL parameterization.

tion of the photomultiplier is included in the electronics
part. All the effects like quantum efficiency (and its depen-
dence from the photon inclination), collection efficiency
and cross talk are also taken into account pixel by pixel
within one Photomultiplier (PMT). The implemented Pho-
tomultiplier is the M64 Photomultiplier of Hamamatsu. In
table 1 we give a resume of the most relevant parameters of

GTU number
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300 Num. of Photons

On Pupil:8617

On FS:4819

Detected:1134

Photons vs GTU

Figure 5: The event as seen through the detector. The Blue
curve gives the number of photons as function of GTU # at
the pupil. The red one tells how many photons reach the
FS. The green one represents the counts. Standard shower
(1020eV 60 deg) as simulated by ESAF with the GIL pa-
rameterization.

the detector. More details can be found in [13]. The signal

Quantum Efficiency ∼ 39.6%
Collection Efficiency ∼ 80%

Cross talk Negligible
Pixel Area 9mm2

Number of Pixels 64

Table 1: The most relevant parameters for the implemented
M64 Photomultiplier

is then amplified by a parameterized gain and the result-
ing output current is collected and treated by the Front End
Electronics. A threshold is set on the PMT output current
in order to accept or reject the signal count.

2.4 Trigger

The trigger algorithm’s duty is to filter the background in
order to increase the signal to noise ratio. Being the teleme-
try limited, the instrument cannot afford the transmission of
the entire Focal Surface data to Earth. The entire triggering
scheme is therefore organized in a multiple step filtering.
After the Front End Electronics identified a photon count
a first search for persistency is done at the level of PDM
3. This is called the first level trigger (L1). After at this
level a trigger signal is issued data are sent at the next level:
the so called Cluster Control Board 4 trigger. This is also
called second level trigger (L2). Here the Fake Trigger Rate
must be further reduced to fit with the telemetry constraints
(from ∼ 1kHz to 0.1Hz on the entire Focal Surface). Sev-
eral algorithms have been implemented and tested: the so
called Linear Tracking Trigger (LTT) scheme and the Pro-
gressive Tracking Trigger (PTT) as well as the so called

3. Part of the Focal Surface consisting of 36 Photomultipliers.
4. Electronics board which operates on 324 Photomultipliers.

€ 

1 GTU = 2.5 µsec
duration ≈ 50−150 µs

a) Fluorescence 
b) Scattered Cherenkov 

c) Direct (diffusively reflected Cherenkov) 

FAST SIGNAL 
Back. = 500 / (m2  sr ns)

Simulation of the light 
profile observed at the 
entrance pupil (above) and 
throught the instrument 
using the ESAF code  
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Shower development 

E=1020 eV 
θ=30°, 60°, 75° The granularity of the 

recorded track is shown 



Peculiarities from space 

• Far and almost constant distance of the shower (no 
proximity effect)  

• Shower is contained in the FOV: observation of the entire 
profile  

• Possibility of observing in cloudy conditions (in most cases 
Xmax above the cloud-top)  

• Less contamination by Cherenkov 
• Efficient gamma/hadron separation using different 
geographical areas 

• Measurement of neutrino showers at high altitude with less 
LPM effect 

Telemetry constrains!!!! Be careful in comparing 
reduction from trigger to “reconstruction” efficiency  



Two advantages:  
1. Monitored Area  

Ageo
Nadir ≈1.3×105  km2

€ 

≈ few ×1012  tons



Ageo
Tilted ≈1.×106  km2[@40°]

Tilting: 20°, 35° 



2. ISS Orbit! Full sky Coverage… 

http://www.nlsa.com/ 

Inclination:  51.6° 
Height:    ~400km 

JEM-EUSO can observe the 
arrival direction of EECR very 
uniformly owing to the nature of 
the ISS orbit. 

… and uniform exposure 

4π  coverage



Part III 
Why JEM-EUSO? 



The cut-off: open questions remain 

-  Is this the GZK suppression? 
Or are the sources running out 
of fuel… 

-  Do we see a recovery of the 
spectrum ? 

-  Has the spectrum an end? 
Which is the maximum energy 

Rapporteur Y.Tsunesada ICRC2013 

Uncertainty: 
TA: 21% 
Auger: 14% 

•  Cut-off implies a very low flux:  

€ 

1particle /km2 /sr /century

€ 

E > 6 ×1019eV

1particle / km2 / sr /millennium

€ 

E >1020eV
•  (Good news) It limits the horizon and gives us the possibility to find local sources 



Again Auger South 

Pdata =k/N binomial parameter 
It indicates the degree of 
correlation. For isotropy Piso=0.21 

58 events for 
E> 55 EeV 

2004-2009 

Hague & PAO collaboration, 2009 



AGN data TA vs. Auger 

K. H. Kampert, presented at VHEPA 2014 (Kashiwa, Japan)  



A tantalizing result: TA hotspot 

H. Sagawa presented at VHEPA 2014 (Kashiwa, Japan)  

  



JEM-EUSO Main Scientific Objectives (1) 

•  Main Objective: Astronomy and Astrophysics 
through the particle channel  

-  Identification of sources by high-statistics arrival 
direction analysis (+multi-wavelength!) 

- Measurement of the energy spectra of individual 
sources (spectral shape, flux, power)  

Understand and constrain acceleration and 
emission mechanisms 

Physics and Astrophysics at E>5.×1019eV or 
better  



Exploratory Scientific Objectives (2) 

• Exploratory Objectives: new messengers 
- Discovery of UHE neutrinos by neutrino 
discrimination and identification via X0 and Xmax 

- Discovery of UHE Gammas by discrimination of 
Xmax due to geomagnetic and LPM effect 

•  Other Exploratory Objectives: 
– Constrains on the galactic and local 

extragalactic fields  
– Limits on monopoles 
– Search for “nuclearites”   
– Test of Lorentz Invariance   



Cosmogenic 
Neutrinos 

Speculative 
models  

Astrophysical 
models 

GZK(A) Protheroe 
(1995) 

GZK(B)  Kalashek, 
Kuzmin, Semokov, 
Sigl (2002) 

AGN 
Mannheim (1995) 

Old EUSO plot by Bottai et al., 2003 



The key concept 
Neutrinos from space 

proton / nuclei 

neutrino 

ICRC 2011 – Beijing            Gustavo Medina-Tanco – ICN-UNAM 

(CC) ν lN→ l + hadrons
(NC) ν lN→ν l + hadrons

ν/ELPE
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Fig. 2. Distribution of the energy fraction taken by the electron in a electron neutrino
proton interaction. The neutrino energy is Eν = 1020 eV and PYTHIA with CTEQ6
sets of PDFs are used for the simulations. The number of simulated events is 1000.
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Fig. 3. Average energy fraction for the most important particles recognized by
CONEX produced in a charge current interaction of an electron neutrino with a
proton for three different neutrino energies.

different electron neutrino energies, obtained as a result of the charge current
interaction with a proton. It can be seen that the smaller the neutrino energy
the larger the energy fraction taken by the secondary particles.

Note that the results obtained for electron neutrinos are also valid for electron
antineutrinos because at the energies considered in this work the cross-sections

5



Neutrinos vs. Protons: Xmax 

)-2/g cmmaxlog(X
2.8 3 3.2 3.4 3.6 3.8 4

-410

-310

-210

-110

Proton
��
e�

Distribution of the first peak of the profiles for proton and 
neutrinos of E = 1020 eV and &= 85o. 

Neutrino discrimination: down-going neutrinos'

Supanitsky & Medina-Tanco, 2011 

ICRC 2011 – Beijing            Gustavo Medina-Tanco – ICN-UNAM 

Distribution of Xmax for protons and neutrinos for E=1020 eV 
and θ=85° (First Peak of the shower profile) 

Supanitsky & Medina-Tanco 2011 



Take home messages  

Physics and Astrophysics at E>5.×1019 eV 
But also… Explore new physics in the energy range 
E≈1020-1021eV 

Highest statistics and therefore largest exposures at 
extreme energies  

E ≈1020−21eV
Lower Energies are important for overlapping with 
current generation observatories with significant 
statistics… E < 5×1019eV



Part IV 
Technical progress...  



BBM of the Optics (Protypes) 

2.65 m  

1.5 m  

large diameter Fresnel lenses 
manufactured in Japan and 
tested in the US at the University 
of Alabama (Huntsville) and at 
MSFC (NASA)  
 

Performances meet already the 
requirements (or very close) 
 

Spot size is 
2.5 mm! 



Elementary Cell 
(2x2 PMTs = 256 pixels) 

Focal Surface detector 
137 PDMs = 0.3M Pixels 

MAPMT 
(8x8 pixels) 
 

� 

Photo-Detector Module 
(3x3 ECs = 2,304 pixels) 
  
 



KIT – Universität des Landes Baden-Württemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft

Institute for Data Processing and Electronics (IPE)

www.kit.edu

Status EUSO-TA EC-Unit

PDM Board 

Heuijin Lim  2012 Dec 4. 4 

• Most components are same 
• FPGA: replace ACTEL by XILINX (Vertex6) 
• Changes in the type of connector as follows  

9 Between PDM and CCB : MicroD MDM(military) with 51 pins 
9 Between EC and PDM : FX2- 120S-127SV with 120 pins 
9 Power and J-tag : DEMM 9PD(DEMM 9SD) 
9 HVPS connector (4 digital signals from PDM and several GNDs) : 9pins micro Dsub 
9 HK connector (two analog signals: temperature and voltage(5V) from PDM) : 

25pins micro Dsub 

Prototype of PDM Board (for UFFO X-ray) PDM Board for EUSO-TA and EUSO-Balloon 

EM of the PDM Board 
(I level trigger, +) 

Elementary 
Cell 
Integration: 4 
MAPMTs, 
filters, and the 
EC boards 

ASIC Board 

Two EM of the PDM integrated APC 

JEM-EUSO France, Germany, Korea, Italy and Japan  



EM of the Electronics 

FEE 

ASIC
+FPGA 

Count 
PDM FPGA Board 

Track Trigger 

Cluster Control 
Board 

 
FPGA 

 
Fine Trigger 

 
 

CPU 
Spacewire 

Clock Board  
 GPS 

Data Storage 
Software 

HK 
 

9EC 
PhotoDetector 
Modules 

1 PDM  
36 x 64 channels 
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CCB  

1 KIT – Universität des Landes Baden-Württemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft

Institute for Data Processing and Electronics (IPE)

www.kit.edu

Status EUSO-TA EC-Unit

137  
PDM 

DP System 

HK 



Part V 
What can JEM-EUSO do? 



Geom. cuts R<150km Θ>60°  

No cut 

Auger SD  
(1 year) 
7000 L 

Auger (10 yr) 
 

Annual exposure at highest energy ~9 times of Auger SD 

Annual exposure in nadir 

Bertaina et al. (The JEM-EUSO Coll.) Adv. Sp. Res. 2014 

Aexp
ann (E) = A(E)κcη0 (1− floc )(1 yr[ ])



Geometrical aperture in nadir mode 

Adams, Jr. et al., Astroparticle Physics, 44 (2013) 76—93 for details.  



22 The JEM-EUSO Collaboration

Fig. 12: �68 for all the energy and ⇥ configurations in our simulated data
sample (see text).

Fig. 13: The positions of the shower maximum projected on the ground. The
color scale repres the value of �: blue for � < 2.5�, green for 2.5�  � < 5�,
yellow for 5�  � < 6�, and red for 6�  �. In this plot we show results for
proton showers with an energy of 1020eV, including all zenith angles from our
data sample.

Angular reconstruction 

The JEM-EUSO collaboration “Performances of JEM-EUSO: angular 
reconstruction” (Exp. Astr.) 2014 



Energy reconstruction 

The JEM-EUSO collaboration “Performances of JEM-EUSO: energy and 
Xmax recosntruction” (Exp. Astr.) 2014 

σ R  of:

R = Ereco −Ereal

Ereal

All sky events Diamond events 
In the center  +  
Cherenkov stamp  



Anisotropy studies with JEM-EUSO  
 
1) Establish the first consistent, high-
sensitivity, 4π-steradian map 
of the UHECR sky 
 
2) Study signatures of the cosmic 
variance / constrain source density 
 
3) Study large scale anisotropies 
(dipole and quadrupole) (~uniform full-
sky coverage!) 
 
4) Constrain source density / 
deflections / magnetic fields ! study of 
extended multiplets (energy/deflection) 
- close multiplets => protons ! 

Auger energy scale:1100 / 250 / 100 events above 50 / 80 / 100 EeV 
HiRes/TA energy scale: 2100 / 580 / 260 events above 50 / 80 / 100 EeV 

300 000 km2 sr yr 

Blaksley et al., 2014 
C. Blaksley et al.: Ultra-high-energy cosmic ray source statistics in the GZK energy range
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Fig. 8. Number of sources (starting from the highest percentage contributor) that provide at least 50% of the total flux, N50%, as a function Emin,
the minimum event energy. In panel a), N50% is shown for a mixed-composition model with source densities of ns = 10−4, 10−5, and 10−6 Mpc−3.
Panel b) shows N50% for a source density of ns = 10−5 Mpc−3 for each model and, in addition, a mixed-composition model with source luminosities
distributed according to a log10-normal distribution with σ = 1. The shaded contours show the region in which 68% of all realizations lie; it is
omitted in the second figure for clarity.

detectors, such as JEM-EUSO (JEM-EUSO 2012), or by ex-
ploring new observational techniques, such as radio detection.
Since an order-of-magnitude gain in acceptance may be to the
detriment of the precision of the measurements, it is impor-
tant to investigate the effect of an imperfect energy resolution.
With poor energy resolution, a cut in the UHECR energy, as as-
sumed above, cannot be strictly applied. This is because some
lower energy events will be (mis-)reconstructed at higher energy.
These events will contaminate the energy range where very few
sources contribute to the overall flux with UHECRs from addi-
tional sources within the more distant GZK horizon that prevails
at lower energy. Since the UHECR spectrum rapidly decreases
as energy increases, a small fraction of events reconstructed with
an upward fluctuation of the estimated energy can represent a
significant fraction of the events attributed to a higher energy
bin.

To illustrate this effect, we implemented a Gaussian detector
response when binning each UHECR event with respect to Emin
and performed the analysis with the effectively reconstructed en-
ergies, instead of the actual ones. The results are shown in Fig. 9
for a detector with 10%, 20%, and 30% energy resolution, over-
laid with the results for a perfect detector. As expected, a deteri-
oration of the energy resolution results in a smaller contribution
of the brightest source to the UHECR events above any given
energy. For our fiducial mixed-composition model with source
density ns = 10−5 Mpc−3, this fraction goes from 24% for per-
fect resolution at 80 EeV to respectively 23%, 19%, and 17%,
for a 10%, 20%, and 30% energy resolution. At 100 EeV, the
reduction is from 34% to 32%, 28%, and 22%, respectively.

The ability of a given detector to actually isolate the bright-
est sources in the sky will thus depend on its energy resolution.
The energy dependence of the detector acceptance will also play
a role. For instance, for detectors with a larger acceptance at
higher energy, the above effect will be reduced to some extent
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Fig. 9. Median flux fraction of the brightest source in the sky as a func-
tion of minimum reconstructed energy, shown for a mixed-composition
model with a source density of ns = 10−5 Mpc−3. The top curve is
the reference corresponding to a perfect energy reconstruction, and the
other three curves correspond to detectors with an assumed Gaussian
energy resolution of 10%, 20%, and 30%.

by the fact that lower energy events have a lower probability of
being detected at all. This should thus be modeled for each ex-
periment, given their individual performances.

In sum, regardless of magnetic deflections and experimen-
tal limitations, the existence of the GZK effect implies that only
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Simulated sky maps 14 

Example for Emax(p) = 15 EeV and ns = 10-4 Mpc-3
 

“JEM-EUSO statistics”: 1100 events above 50 EeV (Auger energy scale) 

JEM-EUSO Universe 

300 000 km2 sr yr d’Orfeuil et al., 2014 



E. Parizot (APC, Paris 7)!July 2nd, 2013! ICRC 2013 — JEM-EUSO’s Scientific Objectives!

15 Simulated sky maps 
Example for Emax(p) = 15 EeV and ns = 10-4 Mpc-3

 

“JEM-EUSO statistics”: 250 events above 80 EeV (Auger energy scale) 

JEM-EUSO Extreme Energy Universe 

300 000 km2 sr yr 





Proton Dominated… fantastic but…  



The Zoo of neutrino models 

Bittermann, 2010 

The JEM-EUSO collaboration “Ultra High Energy Photons and Neutrinos with JEM-
EUSO” (Exp. Astr.) 2014 



Part VI 
Pathfinders 



The JEM EUSO Collaboration 
 
•  Japan, USA, Korea, Mexico, Russia 
 
•  Europe: Bulgaria, France, Germany, Italy, Poland, 
Slovakia, Spain, Switzerland 

•  15 Countries, 80 Institutions, more than 285 
researchers 

•  RIKEN, Japan: leading institution 

 



Two pathfinders 

• The Pathifinders: TA-EUSO 

TA-EUSO: Cross-Calibration Tests at the Telescope 
Array site in Utah in collaboration with the ICRR, 
Institute Cosmic Ray Research in Tokyo and the TA 
collaboration ! (going on at APC); installation early 
end of July 2014 

Status in Utah 

2 

• Concrete pad under installation  
• Buy container (RIKEN) 
• Insulation (?) 
• Wiring, link to main building 

 
• Another experiment will be installed on the side 

Road Map to JEM EUSO 

  2) Cross-calibration tests at Telescope Array site, Utah  

Collaboration with ICRR, Institute of Cosmic rays, Tokyo 
University, Kashiwa campus 

  Installation Winter 2012 

1) EUSO Balloon campaign  

2011/6 Approved by CNES  
2013, June, first of three launches  2014 

15 

The JEM-EUSO Collaboration “Ground-based tests of JEM-EUSO components at 
the Telescope Array site, EUSO-TA" (Exp. Astr. 2014) 



Test of the prototype 
at the Telescope 
Array (TA) site in 
Utah 

•  TA-EUSO will be located at Black Rock Mesa FD Station 
–  Electron Light Source at 100m 
–  Most nearby SD is at ~3.5 km 
–  Central Laser Facility ~21km 

TA-EUSO 

TA#FD#
(Fluorescence#

detector)##

ELS:#Electron#
Light#Source#

TA9EUSO#
loca=on#

TA site, UTAH, Black Mesa 



EUSO-TA (2)  

Lens have been installed, Focal Surface integration on going at APC 



 

•  Test the key technologies and 
techniques for JEM-EUSO 

•  Test the JEM-EUSO EM 

•  Measure the background UV 
levels 

•  Search for background events 
that  mimic air showers 

 
•  Detect the fluorescent signals 

of air showers from above for 
the first time  

EUSO-Balloon 



Second Pathfinder: EUSO Balloon �

-  Look down from the balloon with  an 
UV telescope (PDM EM + 3 lenses 
system) 

-  Engineering test 
-  Background test  
-  Airshower from 40 km altitude 

14!

carcteristics : EUSO-BALLOON compared to JEM-EUSO!

JEM-EUSO EUSO-Balloon 
Height(km) 420 40 

Diameter(m) 2.5 1 
FoV/pix(deg) 0.08 0.25 

Pixel@ground(km) 0.580 0.175 
FoV/PDM(deg) 3.8 12 

PDM@ground(km) 28.2 8.4 
Signal Ratio 1 17.6 

BG Ratio 1 0.9-1.8 
S/√N 1 20-10 

Ethr(eV) 3x1019 1.5-3x1018 

Number of PDM 143 1 

Maximize performance of EUSO-Balloon keeping parameters as 
close as possible to JEM-EUSO!

from Bertaina 2/2012 

Rescaling JEM-EUSO  



EUSO-Balloon (2) 

EUSO-Balloon: Will be launched in Summer 2014 
from Timmins, (Canada); ! Integration and Testing 
Phase at IRAP in Toulouse 

Third lens 

Second lens 

First lens 

Attachement to the balloon 

Crash pads 

Optical section 

Electronic section 

Von Ballmoos et al. (The JEM-EUSO collab.) Adv. Sp. Res. 53 (2014)  



EUSO Balloon: PDM and IR Camera 

EUSO Balloon PDM:  
36 MAPMTs 64 anodes)  
Total 2304 pixels 

• Frame Rate: 0.1 Hz 
• Wavelength: 10-12.5µm 
• FoV: 75° 



Helicopter Under-flight for Calibration 

A helicopter carrying a UV flasher and a 
UV laser will be flown under EUSO-
BALLOON on a helicopter  to: 
•  Provide an absolute reference for 
   the intrinsic luminosity of light 
   flashes 
•  Check on the trigger efficiency  
•   Check the accuracy of cosmic ray 
    arrival direction reconstruction  
    from the air shower images 
 
The helicopter will fly under the balloon  
at altitudes up to 10,000 ft. 
The balloon will transmit its GPS position 
directly to the helicopter. 

4/6/2014 
58 Spring APS Meeting 

•   



Recently: KLYPVE-EUSO 

Auger, and 0.25 JEM-EUSO, respectively. Furthermore, we also consider a Schmidt-type optics
with a field of view of ±25� as a advanced design (See subsection 3.1.2 for details).

Figure 1.2 shows the roadmap of the space-based instruments for the observation of the
extensive airshowers. EUSO-TA and EUSO-BALLOON are the precursor missions of EUSO.
The JEM-EUSO mission will continue as the final goal of the JEM-EUSO collaboration. It
provide a crowning achievement for astrophysics on the ISS, representing an ideal utilization of
this facility.

Figure 1.4: The concept of the K-EUSO instrument which observes UHECR from space. It
will be accommodated to Russian MRM-1 module on ISS. The Japanese contribution will be
a Fresnel corrector lens (upper right), multi-anode photomultiplier to cover the focal surface
(middle right), and laser head for the atmospheric monitoring (lower right).
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KLYPVE K-EUSO Baseline Advanced Optics
Optics type Mirror Mirror + corrective lens Mirror + objective lens
FOV ±7� ±14� ±25�

Mirror diameter 3.6 m Aspherical 3.4 m Aspherical 4m Aspherical (Mangin)
Mirror area 10 m2 9 m2 12 m2

Focal distance 3 m 4 m 4 m
Lens diameter none 2.64 m (Fresnel + Di↵) 3.6 m (Fresnel + Di↵)
FS diameter 1.2 m 1.4 m 1.9 m
Number of pixels 2500 ⇠ 119808 ⇠ 223488
Pixel angular size 0.016� 0.058� 0.076�

Pixel FOV in atm. 2000 m 400 m 530 m
Orbit height 400 km 400 km 400 km

Table 3.1: Comparison of characteristics and performances of K-EUSO and Russian KLYPVE.
The performances of an advanced optics design based on a Schimdt camera is also shown.

Figure 3.4: The various segments of K-EUSO : Flight Segment (FS), a Ground Support Equip-
ment (GSE), a Ground Segment (GS) and a Ground-Based Calibration System (GCS).

Launcher

During the phase A study, pending discussions between Roscosmoc and NASA, the possibility
of using the Dragon launcher will be explored. This will simplofy the delivery to the station,
not requiring segmentation of the elements to fit in the Progress capsule and the astronaut EVA
to assemble the instrument.

3.2 Instrument description

K-EUSO system consists of a Flight Segment (FS), a Ground Support Equipment (GSE), a
Ground Segment (GS) and a Ground-Based Calibration System (GCS) (fig. 3.4). The Flight
Segment is the telescope that will fly on the ISS, the GSE is conceived as the activities done on
ground to perform all the assembling, electrical, mechanical, optical and thermal tests, as well
as calibrations for all the prototypes, engineering, and flight models that will be built in the
di↵erent phases of the mission.

The GS consists of Mission Operation Center (MOC) that supports launching and mission

25

Different Configurations under study 

KLYPVE is an approved mission in ROSCOSMOS 



Conclusions 

•  In the last two years the JEM-EUSO missions has been 
tremendously progressed: 

-  Solid Science case ! emerging of the sources and the 
discovery potential 

-  Solid estimates of the observational figures (via end-to 
end simulations)  

-  Solid technology and production of the EM models 
-  Test observational technique and background with 

pathfinders  

Solid mission profile in a programmatic context that is 
turbolent! 1) In the NASA ISS roadmap; 2) ESA topical team 
renewed; 3) Being actively studied by ROSCOSMOS 



Thank you. 
 
Contact: 
 
Andrea Santangelo 
Abteilung Hochenergieastrophysik 
Sand 1, 72076 Tübingen · Germany 
Phone: +49 7071 29-76128 
Andrea.Santangelo@uni-tuebingen.de 
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Figure 1.2: Roadmap of the Space based Observatory for UHECR
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Figure 1.3: Annual exposure of K-EUSO as a function of energy compared with JEM-EUSO
and the ground based Auger and Telescope Array (TA) observatories. The exposure of K-EUSO
tends to be horizontal around ' 7 ⇥ 1019 eV. At lower energies, the e�ciency decreases because
of the lower number of UV photons generated in an UHECR shower.
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Their Origin, their Nature 
and even their Route to 
Earth presents an 
extraordinary puzzle 

E > (5-6)×1019 eV (~1016 keV) 
Exploring the frontiers 


