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Super Pressure Balloon = SPB 



JEM-EUSO Science objectives 

Study of Cosmic Particles at the Highest Energies 



Main Science Objectives:

Identify UHE sources 

Measure energy spectra of individual sources

Measure the trans-GZK spectrum



Exploratory objectives: 

Discover UHE Gamma-rays

Discover UHE neutrinos

Study Galactic and Extragalactic Magnetic Fields

Discover Relics from the Early Universe (e.g., SHDM)



Atmospheric Science

Nightglow

Transient luminous events (TLE)

Meteors and meteoroids
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strangelets




JEM-EUSO 




main Science Goal


To discover the most extreme sources, i.e., 
Ultrahigh Energy Cosmic rays (UHECRs) sources 



through a significant (1 o.o.m) increase in 
exposure to EECRs 



 
 
 
*EECR: E > 60 EeV
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Last Significant Increase in Exposure
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Pierre Auger Observatory 

3,000 km2, Argentina



Telescope Array

700 km2, Utah
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Precision Spectrum


Surprising 

Composition Trends




Last Significant Increase in Exposure


9 

Precision Spectrum


Surprising 

Composition Trends


60 EeV 

60 EeV 



Last Significant Increase in Exposure


10 

Precision Spectrum
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Composition Trends
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Anisotropy Hints > 60 EeV


E > 5.7x 1019 eV     20o smoothing  
≈ 5 σ pretrial Telescope Array 

Auger Observatory 

≈ 3 σ pretrial 
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Significant Increase in Exposure
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TA Hot Spot

3.4σ




Multimessenger
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Auger Collab., Phys RevD 91, 092008 (2015) 



How to Increase in Exposure Significantly???
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Pierre Auger Observatory 

3,000 km2, Argentina



Telescope Array

700 km2, Utah




Nadir


Fluorescence 
from SPACE

John Linsley (1925-2002) Tilt


~170,000 km2 (400km alt) 

60 deg FOV 
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F. Fenu #604

Improved

Energy resolution:

Requirements: 30% for E > 80 EeV

Central region 

20% for E > 50 EeV; 

5 to 10% for E > 300 EeV



Xmax resolution 

Requirements: 120 g/cm2 for 200 EeV

Central region 

100 g/cm2 for E> 50 EeV; 

50 g/cm2 for E > 300 EeV
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Scientific performance of JEM-EUSO with Space-X Dragon K Shinozaki

2.5mφ

Figure 3: Alignment of 137 PDMs on the focal sur-
face. See text for detail.

Figure 4: Illustrative image in nominal FOV seen
from Caltanissetta, Sicily at 400 km altitude. See
text for detail.

stage extension. To accommodate JEM-EUSO in the Dragon trunk several modifications to the
JEM-EUSO design is investigated (see Reference [12] further details).

Figure 3 shows the alignment of 137 PDMs on the FS structure assumed in the present work.
The solid line indicates the minimal area that is needed for PDMs allocation on the FS. The dashed
circle represents the projection of the front lens entrance aperture and is 2.5 m diameter. Note that
the geometry of the FS is approximately spherical and the inclination of PDM front surfaces vary
up to ∼ 22◦.

Figure 4 illustrates nominal FOV of JEM-EUSO when the ISS is flying above Caltanissetta at
H0 = 400 km. The image of terrestial light on Sicily, area is ca. 26,000 km 2, as seen by the FS
detector was generated using DMSP data [13].

In the original design for the HTV option, the JEM-EUSO telescope is attached to the HTV’s
Exposed Pallet at the entrance aperture of the telescope. Flying on Dragon makes it possible to
attach JEM-EUSO inside the trunk by the FS structure. This should result in a design for JEM-
EUSO that saves weight. In the HTV design it is necessary to trim the sides of the lenses and the
FS to fit in the HTV payload volume. As the Dragon trunk has a nearly circular cross section,
the lenses and FS in JEM-EUSO can be round; potentially improving the aperture of the optics
compared to the HTV option. By accommodating the same number of PDMs on the FS, a similar
observation area Sobs [km2] ∼ 1.4×105 · (H0/400 [km])2 is achieved for nadir observation.

3. Exposure for arrival direction distribution analysis

For scientific objectives, the observed air shower events should be selected wtih criteria to
maximise statistics and insure the quality of event reconstructions. The former is the key point
of great importance that should be pursued with space-based UHECR observations. The latter is
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#577 T. Mernik; #570 A. Guzman
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JEM-EUSO ���
Fresnel Lens Refractor 


60 deg FOV
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JEM-EUSO ���
0.3M pixel MAPMT ultrafast camera



 #694 The JEM-EUSO program  
A. Santangelo 
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JEM-EUSO Full Sky Coverage ���
 ���

with nearly uniform exposure


http://
www.nlsa.com/ Inclination:  51.6° 

Height:    ~400km	

The ISS ORBIT	



JEM-EUSO Annual Exposure 
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#682 K. Shinozaki
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2620 events > 57 EeV over the entire sky 
240 events > 57 EeV from HotSpot  

5 yr Mission  
using TA 7yr numbers 
(1 JE yr = 40 TA yr 
= 10 TAx4 yr) 

JEM-EUSO Source Identification


Ke Fang ‘15 



ZeV neutrinos?
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Super Heavy 

Dark Matter Decay


Aloisio, Matarrese, AO ‘15 

JEM-EUSO  

ARA 
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JEM-EUSO  

ARA 
Mass scale given by r 

Lifetime given by EECRs 

Super Heavy 

Dark Matter Decay
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Next Significant Increase in Exposure




0 

Next Significant Increase in Exposure
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JEM-EUSO 






will study the 1st sources of UHECRs 
and explore particle relics @ ZeVs 

from Space!!!







