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EUSO-TA
(2013 - )

EUSO-TA is an important our test-bench 
for developing the EUSO technology.



2013 
EUSO-TA was installed in front of the 
telescope array FD at Black rock mesa. 

We are very thankful to the TA group!



EUSO-TA telescope

1m

Two Fresnel lenses: 1 sq. m 

Focal Surface detector: 
Photo Detector Module (PDM): 17*17cm 

Field of view: 11*11 degrees 
(±5.5 *  ±5.5 deg) 
Pixel 0.19 deg  

Sampling rate 2.5 mus

EUSO-TA optics design

Image is inverted  
(Seen from inside)

ELS accelerator 

Control room



EUSO-TA

EUSO-TA: Laser event EUSO-TA: MeteoEUSO-TA: Cosmic ray event



Cosmic ray event, 13/5/2015  

 

EUSO, 1 frame, 2.5micros EUSO, 2*2 TA signal

Telescope Array reconstruction 
Zenith = 35°  
Azimuth = 7° (clockwise from N) 
E = 10^18 eV 
Rp = 2.5 km 
Core = (14.8 km, -10.9 km) respect CLF

EUSO-TA does not look at the shower maximum.



Cosmic ray event 7/11/2015 

EUSO data ,  
1 frame, 2.5micros

TA signal

Telescope Array reconstruction 
Zenith = 8° 
Azimuth = 82°(Clockwise from N) 
E = 10^18.36 eV 
Rp = 2.6 km 
Core = (14.8 km, -10.6 km) respect CLF

EUSO-TA configuration 
EUSO-TA elevation = 15°

EUSO Simulation ,  
1 frame, 2.5micros 
F. Bisconti

EUSO-TA does not look at the shower maximum.



20/9/2015

EUSO, 2 frames, 2.5micros TA signal from Shin

EUSO-TA does not look at the shower maximum.



EUSO-TA results

Analysis of data  
(May, September, October, November 2015 and October 2016)  
Days with any observation                                58 
TAFD external trigger (may contain UHECR)    136.41 h 
All good data taken with TAFD trigger              130.29 h, 95.5% 
Data taken with other external trigger              21.21 h) 
Detected UHECR                                                9 
Meteors                                                              5

2013 - 2017 Astroparticle Physics 102 (2018) 98–111 



UHECR statistics (using TA FD triggers)



EUSO-TA PDM is improving now using SPB1 and mini-EUSO technologies, 
  such as self-trigger algorithm and high-speed sampling, etc. 

                          It will be installed on March 2019.



Balloon missions
(2014, 2017)

Two 1m x 1m Fresnel lenses optical system 
with a photo detector module



Balloon missions
We did two experiments:  
EUSO-Balloon (2014, 1 night (8 hours), French team )  
EUSO-SPB      (2017, 12 days flight, US team ) 
Both telescope worked as expected. 
We confirmed our remote sensing technology for future space 
missions.

EUSO-Balloon EUSO-SPB1A flasher and Laser events from Helicopter



1/29/17 APS EUSO-SPB

EUSO-SPB Extreme Universe Space Observatory on a Super Pressure Balloon



EUSO-SPB

EUSO-SPB was launched on 
April 24th from the NASA 
balloon launch site in 
Wanaka (New Zealand) and 
landed on the South Pacific 
Ocean on May 7th.

10/01/19 �17





EUSO-SPB  
launch,  

April 24,  
2017 

23:51 UTC 
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WANAKA 2017 Campaign 
Super Pressure Balloon (SPB) EUSO mission

12 d 4 h



NASA completed its third mid-latitude Super Pressure Balloon (SPB) flight at  
11:24 p.m. EDT, Saturday, May 6, after 12 days, 4 hours and 34 minutes aloft.



EUSO-SPB1 
Extreme Universe Space Observatory on a Super Pressure Balloon
Launch,  April 24, 2017 23:51 UTC 

12 days, 4 hours and 34 minutes aloft.

The cause of short flight: 
NASA is thinking that 
because some debris from the pyrotechnic cutters on the reefing collar had been found to penetrate the 3 
mill thick reefing sleeve, it has been assumed by NASA that the balloon (which is thinner) was also 
penetrated and this started the tear that became a big hole by day 3 of the flight.

• SPB1 worked as expected 
• We are analyzing data now.   

• We did not find event of UHECR, so far. 
• Expected event number of 12 days is 1.6 by simulation. 

• No detection of UHECR is statistically consistent.



Future missions
We will go to space for observing UHECPs.
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Science of the space missions
• All sky survey with the world’s largest exposure 
• Find sources of UHECR. 
• Find new hotspots in the equatorial region of the sky. 
• TA and Auger are low sensitivity in this region. 

• We expected to find new UHECR sources (about ten). 
• If we observed sources, we can study acceleration mechanism by comparison 
with spectrum of each source. 
• Confirmation of GZK steeping （comparison with each spectrum) 
• Acceleration limit（in case of source distance is in GZK horizon) 
• Possibility of new acceleration mechanism (Japan team) 
• Bow wake field acceleration (T. Ebisuzaki and T. Tajima, 2014a and 
2014b) 

• Observation of up-going τ neutrino from space (POEMMA) 
• Pioneer space observations of astrophysical neutrinos and, 
• Discover cosmogenic neutrinos



Mini-EUSO

Mini-EUSO will be launched in 2019.

Mini-EUSO is a Joint mission of Russian and Italian 
team with the JEM-EUSO corroboration. 

Main purpose is measurement of the near UV region 
background from space for future space missions 

such as K-EUSO and POEMMA.



MINI-EUSO

Mu l t i - b a n d , M u l t i -
Wavelength telescope 
inside ISS 

Ultraviolet, with Fresnel 
lenses 
Near Infrared  
Visible 

30kg, 60 W 
60x37x37 cm 

Night observations 
F r o m i n s i d e U V -
transparent window of 
Zvezda



Field of view from 
window

Mini-EUSO observes from inside ISS thorough UV 
transparent window of Zvezda module



Uv transparent window,  
 Zvezda module

Field of view from 
window



MINI-EUSO EM in clean room

25cm First Lens (EM)

25cm Second Lens

NIR 
(Near Infrared) 
Camera

VIS Camera

Focal Surface 
(FM)

CPU

Readout  
Board 
(MSU)

High Voltage 
power supply

Front-End  
Asic



Sensors

!31

UV main camera 
48*48 pixels 
40 deg  243km 5km/pix 
2.5mus and above

RGB camera 
1280*960  pixels 
33.2*24.8 degrees  
231*174 km 180 m/
pixel 
1s

NIR camera 
(BW with phosphor coating) 
1280*960  pixels 
33.2*24.8 degrees 
231*174 km 180 m/pixel 
4s

East Japan and Tokyo bay
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EUSO-SPB2
EUSO-SPB2 will be launched in 2021.

EUSO-SPB2 is a preparation experiment 
for the POEMMA mission.



EUSO-SPB2

Cherenkov Emission 
from UHECRs 
Tau Neutrino  
Background 

Fluorescence  
from UHECRS 

arXiv:1703.04513

UHECRs
UHECRs

Tau Neutrino 

Tau leptonFluorescence

Cherenkov



EUSO-SPB2

Bifocal mirror system rejects direct hit event on the focal surface. 
Mirror is divided by two. each mirror tilts with small angle. 
Each mirror makes each image on the focal surface.

Pat. Reardon (UAH) from slide of the JEM-EUSO meeting 
Cherenkov telescope: 1 unit、 Bifocal 
　45°  horizontal Full-field of view  
　3.2° Vertical Full-field of view 
   Expected event rate: 10events/day 

Florescence telescope: 1 unit or 2 units 
　28.8° horizontal Full-field of view 
　3.2°   Vertical Full-field of view 
   Expected event rate:   5events/100 days/unit

垂直Schmidt optics 
Mirror: 1.8m x 1.1m Spherical (R=1659.8mm) 
Corrector lens: 1m diameter, flat+aspherical,  
      UV transparent PMMA 
F# : 0.86 
Spot size: 3mm 
Angular resolution 0.2°/pixel



K-EUSO mission

K-EUSO will be launched in 2023. 
Phase A study in Russia will be finished by May 2019.

K-EUSO is a Joint mission of Russian and Japanese 
team with the JEM-EUSO corroboration.



SINP MSU space detectors of UV events in 
the atmosphere development

Tatiana-1 Tatiana-2

TUS KLYPVE

2016

20092005

≳ 2018

Vernov

2014

KLYPVE means ‘UHECR’ in Russian language.



KLYPVE -> K-EUSO
KLYPVE updates using the EUSO technology (lens, detector). 
K-EUSO is a Joint mission of Russia and Japan with the JEM-

EUSO corroboration

K-EUSO:
Additional corrector lens & EUSO detector 
→FOV ±14° and 0.1° angular resolution

KLYPVE: 
FOV ±7°、and 1° angular resolution 

old optics
 design



Location	on	ISS

Mini	Research	module	
MRM-1

LENS	
Electronics	of	FS



Deployment	module:	MRM-1



New optics design (Schmidt optics)

Parameter Value, m

Entrance Pupil Diameter 2.5
Mirror diameter 4.0
Radius curvature of mirror 3.45
Radius curvature of FS 1.8
Axial length 3.43
Distance from M to FS 1.62

Corrector lens Focal surface Mirror

FOV ±20° 
Old design: FOV ±14° 



Exposure comparison
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POEMMA mission
Stereo observation

POEMMA team is working on a conceptual design for selection 
of the 2020 Astronomy and Astrophysics Decadal Survey.



POEMMA: STUDY COLLABORATION

Scientists from16+ institutions from  
OWL, JEM-EUSO, Auger, TA, Veritas, CTA, Fermi, Theory

University	of	Chicago:	Angela	V.	Olinto	(PI)	
NASA/MSFC:	Mark	J.	Christl	(deputy	PI),	Roy	M.	Young,	Peter	Bertone,	Jeff	Apple,	Gary	
Thornton,	Brent	Knight,	Kurt	Dietz,	Mohammad	Sabra	
University	of	Alabama,	Huntsville:	James	Adams,	Patrick	Reardon,	Evgeny	Kuznetsov,	J.	
Watts	Jr.,	J.	Tubbs,	M.	Mastafa	
NASA/GSFC:	John	W.	Mitchell,	John	Krizmanic,	Jeremy	S	Perkins,	Julie	McEnery,	Elizabeth	
Hays,	Floyd	Stecker,	Stan	Hunter,	Jonathan	Ormes,	Tonia	Venters	
University	of	Utah:	Doug	Bergman,	John	Matthews	
Colorado	School	of	Mines:	Lawrence	Wiencke,	Frederic	Sarazin	
City	University	of	New	York,	Lehman	College:	Luis	Anchordoqu,	Thomas	C.	Paul	
Georgia	Institute	of	Technology:	A.	Nepomuk	Otte	
Space	Sciences	Laboratory,	University	of	California,	Berkeley:	Eleanor	Judd	
University	of	Iowa:	Mary	Hall	Reno	
Jet	Propulsion	Laboratory:	Insoo	Jun,	L.	M.	Martinez-Sierra	
Vanderbilt	University:	Steven	E	Csorna	
APC	Univerite	de	Paris	7:	Etienne	Parizot,	Guillaume	Prevot	
Universita	di	Torino:	Mario	Edoardo	Bertaina,	Francesco	Fenu,	Kenji	Shinozaki	
University	of	Geneva:	Andrii	Neronov	
RIKEN:	Yoshiyuki	TAKIZAWA	
Gran	Sasso	Science	Institute:	Roberto	Aloisio

�49



POEMMA

Based on  OWL 2002 study,  
    EUSO balloon experience, and 
    CHANT proposal 

OWL 
2002 
design EUSO:  

Extreme Universe 
Space Observatory

CHANT  

Cherenkov from 
Astrophysical 

Neutrinos  
Telescope

EUSO-SPB1
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POEMMA mission
Mission Lifetime:  3 years (5 year goal) 
Orbits:   525 km, 28.5∘  Inc 
Orbit Period: 95 min 
Satellite Separation:  ~25 km ‒ 1000+ km 
Satellite Position: 1 m (knowledge) 
Pointing Resolution:  0.1∘  
Pointing Knowledge: 0.01∘ 

Slew Rate: 8 min for 90 ∘ 
Satellite Wet Mass: 3860 kg 
Power:   2030 W 
Data:   1 GB/day 
Data Storage: 7 days 
Communication: S-band (X-band if needed) 
Clock synch (timing): 10 nsec 

Operations: 
- Each satellite collects data autonomously  
- Coincidences analyzed on the ground 
- View the Earth at near-moonless nights, charge 
in day and telemeter data to ground

Dual Manifest Atlas V

John Krizmanic, UHECR2018



POEMMA optics design
Mirror: 4.0m diameter spherical  
Corrector lens: 3.3m, aspherical、UV-PMMA 
Forcal surface: 1.6m diameter 
FOV: 45° 
F# : 0.64 
Spot size: ～3mm diameter 
Angular resolution： 1°/pixel 
Effective area：6～2 m2 (JEM-EUSO: 2 m2) 
Orbit altitude: 525 km 

Spot size（radius, mm）Effective area



4 meter f/0.64 Schmidt telescope

FINAL DESIGN  
4 Legs!



Nadir mode (UHECR）

Satellite Separation ~300 km Satellite Separation ~30 km

Limb-viewing mode (UHECR + neutrino）

Neutrinos

UHECRs

POEMMA observation modes



Hybrid focal surface detector
UV Fluorescence Detection using MAPMTs with UV 
filter: developed by JEM-EUSO: 1 usec sampling

Cherenkov Detection using SiPMs: 
20 nsec sampling

1.6 m
9∘ 

55 Photo Detector Modules (PDMs)= 126,720 pixels 
1 PDM = 36 MAPMTs = 2,304 pixels 

30 SiPM focal surface units  
Total 15,360 pixels 

512 pixels per FSU (64x4x2)



Nadir for UHECR:  
Radius 200-400 km

POEMMA 

Limb for Neutrinos: 

Radius 2.6-3.7 103 km
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Sky Coverage
Nadir mode (UHECR） Limb-viewing mode (neutrino+UHECR）

Calcs & plots by K. Shinozaki 

One year with re-orientations

Calcs & plots by C. Guépin & F. Sarazin



UHECR observation（Nadir)

Satellite Separation ~300 km

Angular resolution

JEM-EUSO requirement : < 2.5° JEM-EUSO requirement : < 120 g/cm2

Xmax determination error 

Energy resolution: ～20% 
JEM-EUSO requirement  < 30%



Exposure comparison
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Anuual exposure comparison

By Y. Takizawa



Integral exposure

John Krizmanic, UHECR2018



 63

νtau

POEMMA designed to observe neutrinos with  E > 10s PeV  
through Cherenkov signal of tau decays. 

3 flavors of Astrophysical and Cosmogenic neutrinos reach 
Earth.  
Tau neutrinos generate tau leptons on their way out of the 
Earth’s surface which decay producing up-going showers, which 
POEMMA can detect.

POEMMA 
Neutrinos



Up-going τ neutrino observation

Satellite Separation ~30 km

Limb-viewing mode (UHECR + neutrino）

7° from limb

9° total

• 20% duty cycle 
• 10 PE threshold with time 
coincidence to reduce air glow 
background ‘false positives’ 

• Viewing to 7° away from Limb

Neutrinos

UHECRs

We are improving the optics design to increase detection sensitivity. 

POEMMA up-going tau neutrino sensitivity

Horizontal FoV 30°



Summary
We will start space missions from 2019. 
 mini-EUSO(2019), K-EUSO(2023), POEMMA(2029)

Exposure comparison
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Thank you


