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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000
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- Airglow : (slow-data)
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Jor calibration of the IR radiometer [emperaiire vs L] ] O
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Requirement

ftem Value Reason
Wavelength 10-13 um Alficsphens
transmission, S/N
n Same FOV as JEM-
Spatial Resolution 0.25"° 1.8 km/pix @ nadir
Observation Cloutop temperature
Temperature Range 200 - 320 K in troposphere
Altitude resolution <
Tempara_tura <3 K 500m
Resolution u led
IR Sensor Microbolometer Mass, Power
i} [ray :
GRS | 1SS miotion withinm -
Exposure Time 133 msec pix
aflR camera |
1SS motion of

Observation Interval

30 sec (5 sec TBC)

JEM-EUSO +; FOV




IR Camera Development with EADS/SODERN
CIMO1 (or TASI) onboard METOP]1 satellite

IAS A Specification
- Scanning Mirror
= Sensor (CINO1)
A: 10.3-125

L m
sensor:  bolometer arrav
pix. size: 04 X 04
res.; 12 bat
FOV: 60 X 60 mrad
NETD : ~80 mk
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(1) Pixel size of detector
“64 X 647 — 9320 X 240
Boeing U3000A (320x240)

(2) FOV
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Another spaceborne lidar- first CALIPSO
results (#2)
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Performance simulations, #1: Subsystems
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Field of View full angla. mrad

Interference filter, FWHM

Interderence filter, transmission

Optical efficiency {without filter)

Detector

Quantum efficiency, “o

Diark noise, counts per second

Acquisition

{ph. counting)

Range resolution, bin meters

Integr‘atiun fime, sec

Satellite

Alttude, km
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results for
355nm, 0.01sec
integration time,

30m range
resolution
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[ -Photon counting of background photons
1 - Continuous measurements with the ISSmotion
— Apply the “stereoscopic vision” method
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;i Expected slow-data counts

_-‘a.-P . = 30 (pe/piviops)
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Cloud top altitude:
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Time interval 3.5 sec 1-PDM FOV
Data rate 33 kbps
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The results of satellite
“Tatiana” launched in
January 2005 are

important for planning
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The results of satellite
“Tatiana” launched in
January 2005 are

important for planning
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Tatiana UV Flash
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Specification

Item Value Reference
VWavelength 330 — 400 nm
Spatial res, 800m x 800m Same as JEM-EUSO
detector
Detector MAPMTs
Hesolution 8 hit
Cloud top altitude N .
determination res. 1km IFOV of 1-pixel
Exposure gate -
fo 90 usec = 20GTU
¢ 1SS travel time of
Time interval 3.5 sec 1-PDM FOV
Data rate 33 kbps




[ -Photon counting of background photons
1 - Continuous measurements with the ISSmotion
— Apply the “stereoscopic vision” method

[EUSO-SDA-REP-017]

i " Background photons

1 =500 (ph/nd/st/ng)
Detected photoelectrons

:R-}H, = 1 (pe/pix/GTIN)

;i Expected slow-data counts

_-‘a.-P . = 30 (pe/piviops)

W

Cloud top altitude:

Ah =1 km




Log N [Cumulative number / Earth / Day]
I
=]
(=]

|
—
Ln

Magnitude from ISS
30 25 20 15 10 5 0 =5 =10 =15 =20 =25

L] L] L L] L]

' vertical FOV of 60 deg
E A

— o - — —
B 102 erg 5! emr? A-'][[16-% erg 5 orrd He'')

i 444.8nm Johnsor B |6.45
i o 550.50m Johnsor ¥ |a.aa 2,68 -
658.8nm Covaina e [2.20 3.0
Eﬂ_ﬁ.ﬂnm Cousins i [1.14 2 46

el Rl (1997) oA 1997 % | AR pE3

Brighter than Smag(4.24x10"-11 erg/s’em/A): 10"2.5~300/day

-20 -15 -10 -5 0 5 10 1
Log m [kg]

S. Abe 2007



HDTV Spectrum of 2001 Leonid Metear

Mg : (O] Maximum magnitude~—4Mv
e R rOV=23x13 dogrecs

2nd order

' Jd:,* -': {

=§ f -..r‘._ _'.. - :l.|

300 350 400 450 500 550 600 650 700750800850900

wavelength (nm) P




Slow Data

- ETEEE

— ATLAAIE
« ThE

—10F~13F (FJHIZEKD)

+ 1~10° /day

- HERENDOFHZL

- MEHEGAN(AHA. EEN—TF)
« Tatiana UV Flash



» Velocity of ISS: 7.9 km/s

 20GTU
« FOV of 1PDM : 28.8 km_. T i
gy — 1;.
- 35g —
FPGA
=
Scaler ;
g slow-data
MAPMT: e ASIC | '
- b
/ Scaler Trigger Trigger
gate =25us |[[™] #1 = # -




/
."If 1 PDM
28.8 km
\ 8bit
Y

" 36 pixel

Slow-data obtained at only 2

PDM lines will be stored!

+ All of PDMs equip "slow-data” DA
« Continuous BG photon counting

JEM-EUS0 F3

0

Viss

T

=

o g __."'

:-‘-‘_H"“‘H.

i3

L& 33 Ba

1,1 42,11 1)




Slow-Data




Performance simulations, #3:

SR/Signal/'SNR

100

0.01

0

: T I il |
5000 10000 15000 20000 25000 30000
Altitude asl, m

| — SR — Signal counts — Signal-to-Noise Ratio |

results for
355nm, 0.01sec
integration time,

30m range
resolution



Performance simulations, #1: Subsystems

Subsystem

Lidar 2

Transmitter

Wavelenoth, nm

Pulse repetition rate, pps

Atremged transmitted power, W

Divergence full angle , mrad

K]

Optical efficiency

Receiver

Primary receiver aperture diam,

Secondary mirror aperture, cm

Field of View full angla. mrad

Interference filter, FWHM

Interderence filter, transmission

Optical efficiency {without filter)

Detector

Quantum efficiency, “o

Diark noise, counts per second

Acquisition

{ph. counting)

Range resolution, bin meters

Integr‘atiun fime, sec

Satellite

Alttude, km




Another spaceborne lidar- first CALIPSO
results (#2)

]

Altitude {km)
T

1 23 45 67 9% 12 3 4567 8%17172 3 4567 821732 3425
i nig? i a1y
Attenuated Rackscatter (om-1 s 1)



Lidar




IR Camera Development with EADS/SODERN
Major Change from CIMO1 to JEM-EUSO IR Camera

(1) Pixel size of detector
“64 X 647 — 9320 X 240
Boeing U3000A (320x240)

(2) FOV

Line scanning — =60"

Based on CIMO1 design, they can

produce FAM of JEM-EUSO IR

L] - - 1 L] - m m
camera with 3 SMEuro within 5 7 e 2nse
/I N
Vears. I e S LV
’ e _| ('f N F'};;'I'*':E%*fmm
-y - Y = A le ]
Specification of IR Camera _"-\gaz i

Should be determined betore 12E, 2007 e



IR Camera Development with EADS/SODERN
CIMO1 (or TASI) onboard METOP]1 satellite

IAS A Specification
- Scanning Mirror
= Sensor (CINO1)
A: 10.3-125

L m
sensor:  bolometer arrav
pix. size: 04 X 04
res.; 12 bat
FOV: 60 X 60 mrad
NETD : ~80 mk




Requirement

ftem Value Reason
Wavelength 10-13 um Alficsphens
transmission, S/N
n Same FOV as JEM-
Spatial Resolution 0.25"° 1.8 km/pix @ nadir
Observation Cloutop temperature
Temperature Range 200 - 320 K in troposphere
Altitude resolution <
Tempara_tura <3 K 500m
Resolution u led
IR Sensor Microbolometer Mass, Power
i} [ray :
GRS | 1SS miotion withinm -
Exposure Time 133 msec pix
aflR camera |
1SS motion of

Observation Interval

30 sec (5 sec TBC)

JEM-EUSO +; FOV




IR Camera




Lsing the measurenments in these three-fonr directions

Jor calibration of the IR radiometer [emperaiire vs L] ] O
clond fop altinede — Reference lines ; the same for the

L7F o stow mode »




1SS motion
i - 9 JEM-EUSO
Atmospheric Monitoring System ! —
i
' +IR Camera

Imaging cbservation of cloud temperature
inside FOV of JEM-EUSO

: -Lidar

Ranging observation using UV laser

- JEM-EUSO “slow-data”

. Continuous background photon counting

B 3 [ .: : ..I " .
i 4 i - 1 i ; "
~:*’ 7 ;
-

T

* Cloud amount, cloud top allitude: (IR cam., Lidar, slow-data)

- Airglow : (slow-data)

- Calibration of telescope: (Lidar)




mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000



1SS motion
i - 9 JEM-EUSO
Atmospheric Monitoring System ! —
i
' +IR Camera

Imaging cbservation of cloud temperature
inside FOV of JEM-EUSO

: -Lidar

Ranging observation using UV laser

- JEM-EUSO “slow-data”

. Continuous background photon counting

B 3 [ .: : ..I " .
i 4 i - 1 i ; "
~:*’ 7 ;
-

T

* Cloud amount, cloud top allitude: (IR cam., Lidar, slow-data)

- Airglow : (slow-data)

- Calibration of telescope: (Lidar)




mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000
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Photo Detector Module (PDM)

* 9 Elementary Cell (EC), 1 HY module,
v HER CIREE

v msteRi®

v KAEFREOR

9 HV divider

o

i
&

s

 MAPMT
— |_-36PMTx36ct

oF

ek .

s
faifa

o sl b
bz s

HV board

o AR



JEM-EUSO £ fEDEE

Focal Surface detector

(164PDMs = 0.2M pixels) Elementary Cell

2] (2x2 PMTs = 144 pixels)

._--_-l

MAPMT

w PiKEIS]

>
2.26 m max (3x3 ECs = 1296 pixels)




LRI X BE




CYTOPZRAULVI=¥XFR

Focal Surface

Ray trace

Optics Requirements
—FoV +30°
— Pupil entrance pupil = 2 m
~F#=1.0

— Spectral range 330-400 nm

— Spotdimension ~0.1° (SmmaQ)

JEM-EUSD vs ESA-ELISO opiics

1.0

! JEM-ELYE) optics |

g

08

'gicwf TOP

og

0E

Encircled Energy
within 5mm dia

0.7
o
T
-;__JI
/ ¥

[#X]
<
= ¢
=
=

0.5

Field of View (deg)

=33
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Experiment Logistics Module

I/Pr&ssurizeu:l Section (ELM-PS)

Airlock

/Remte Manipulator System
e, (JENRMS)

Pressurized Module
{H}Dia:dﬂm Length:11.2m

Exposed Facility
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Inter-orbit Communication System(ICS) LR Ll ki
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NETORE
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— Phase-A T 2004
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Focal Surface

Ray trace

Optics Requirements
—FoV +30°
— Pupil entrance pupil = 2 m
~F#=1.0

— Spectral range 330-400 nm

— Spotdimension ~0.1° (SmmaQ)

JEM-EUSD vs ESA-ELISO opiics
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JEM-EUSO £ fEDEE

Focal Surface detector

(164PDMs = 0.2M pixels) Elementary Cell

2] (2x2 PMTs = 144 pixels)

._--_-l

MAPMT

w PiKEIS]

>
2.26 m max (3x3 ECs = 1296 pixels)




Photo Detector Module (PDM)

* 9 Elementary Cell (EC), 1 HY module,
v HER CIREE

v msteRi®

v KAEFREOR

9 HV divider

o

i
&

s

 MAPMT
— |_-36PMTx36ct

oF
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s
faifa
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HV board
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mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000



1SS motion
i - 9 JEM-EUSO
Atmospheric Monitoring System ! —
i
' +IR Camera

Imaging cbservation of cloud temperature
inside FOV of JEM-EUSO

: -Lidar

Ranging observation using UV laser

- JEM-EUSO “slow-data”

. Continuous background photon counting

B 3 [ .: : ..I " .
i 4 i - 1 i ; "
~:*’ 7 ;
-

T

* Cloud amount, cloud top allitude: (IR cam., Lidar, slow-data)

- Airglow : (slow-data)

- Calibration of telescope: (Lidar)




Lsing the measurenments in these three-fonr directions

Jor calibration of the IR radiometer [emperaiire vs L] ] O
clond fop altinede — Reference lines ; the same for the

L7F o stow mode »




IR Camera




Requirement

ftem Value Reason
Wavelength 10-13 um Alficsphens
transmission, S/N
n Same FOV as JEM-
Spatial Resolution 0.25"° 1.8 km/pix @ nadir
Observation Cloutop temperature
Temperature Range 200 - 320 K in troposphere
Altitude resolution <
Tempara_tura <3 K 500m
Resolution u led
IR Sensor Microbolometer Mass, Power
i} [ray :
GRS | 1SS miotion withinm -
Exposure Time 133 msec pix
aflR camera |
1SS motion of

Observation Interval

30 sec (5 sec TBC)

JEM-EUSO +; FOV




IR Camera Development with EADS/SODERN
CIMO1 (or TASI) onboard METOP]1 satellite

IAS A Specification
- Scanning Mirror
= Sensor (CINO1)
A: 10.3-125

L m
sensor:  bolometer arrav
pix. size: 04 X 04
res.; 12 bat
FOV: 60 X 60 mrad
NETD : ~80 mk




IR Camera Development with EADS/SODERN
Major Change from CIMO1 to JEM-EUSO IR Camera

(1) Pixel size of detector
“64 X 647 — 9320 X 240
Boeing U3000A (320x240)

(2) FOV

Line scanning — =60"

Based on CIMO1 design, they can

produce FAM of JEM-EUSO IR

L] - - 1 L] - m m
camera with 3 SMEuro within 5 7 e 2nse
/I N
Vears. I e S LV
’ e _| ('f N F'};;'I'*':E%*fmm
-y - Y = A le ]
Specification of IR Camera _"-\gaz i

Should be determined betore 12E, 2007 e



Lidar




Another spaceborne lidar- first CALIPSO
results (#2)

]

Altitude {km)
T

1 23 45 67 9% 12 3 4567 8%17172 3 4567 821732 3425
i nig? i a1y
Attenuated Rackscatter (om-1 s 1)



Performance simulations, #1: Subsystems

Subsystem

Lidar 2

Transmitter

Wavelenoth, nm

Pulse repetition rate, pps

Atremged transmitted power, W

Divergence full angle , mrad

K]

Optical efficiency

Receiver

Primary receiver aperture diam,

Secondary mirror aperture, cm

Field of View full angla. mrad

Interference filter, FWHM

Interderence filter, transmission

Optical efficiency {without filter)

Detector

Quantum efficiency, “o

Diark noise, counts per second

Acquisition

{ph. counting)

Range resolution, bin meters

Integr‘atiun fime, sec

Satellite

Alttude, km




Performance simulations, #3:

SR/Signal/'SNR

100

0.01

0

: T I il |
5000 10000 15000 20000 25000 30000
Altitude asl, m

| — SR — Signal counts — Signal-to-Noise Ratio |

results for
355nm, 0.01sec
integration time,

30m range
resolution



Slow-Data




/
."If 1 PDM
28.8 km
\ 8bit
Y

" 36 pixel

Slow-data obtained at only 2

PDM lines will be stored!

+ All of PDMs equip "slow-data” DA
« Continuous BG photon counting

JEM-EUS0 F3

0

Viss

T

=

o g __."'

:-‘-‘_H"“‘H.

i3

L& 33 Ba

1,1 42,11 1)




» Velocity of ISS: 7.9 km/s

 20GTU
« FOV of 1PDM : 28.8 km_. T i
gy — 1;.
- 35g —
FPGA
=
Scaler ;
g slow-data
MAPMT: e ASIC | '
- b
/ Scaler Trigger Trigger
gate =25us |[[™] #1 = # -




Slow Data

- ETEEE

— ATLAAIE
« ThE

—10F~13F (FJHIZEKD)

+ 1~10° /day

- HERENDOFHZL

- MEHEGAN(AHA. EEN—TF)
« Tatiana UV Flash



HDTV Spectrum of 2001 Leonid Metear

Mg : (O] Maximum magnitude~—4Mv
e R rOV=23x13 dogrecs

2nd order
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Log N [Cumulative number / Earth / Day]
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Magnitude from ISS
30 25 20 15 10 5 0 =5 =10 =15 =20 =25

L] L] L L] L]

' vertical FOV of 60 deg
E A

— o - — —
B 102 erg 5! emr? A-'][[16-% erg 5 orrd He'')

i 444.8nm Johnsor B |6.45
i o 550.50m Johnsor ¥ |a.aa 2,68 -
658.8nm Covaina e [2.20 3.0
Eﬂ_ﬁ.ﬂnm Cousins i [1.14 2 46

el Rl (1997) oA 1997 % | AR pE3

Brighter than Smag(4.24x10"-11 erg/s’em/A): 10"2.5~300/day

-20 -15 -10 -5 0 5 10 1
Log m [kg]

S. Abe 2007



[ -Photon counting of background photons
1 - Continuous measurements with the ISSmotion
— Apply the “stereoscopic vision” method

[EUSO-SDA-REP-017]

i " Background photons

1 =500 (ph/nd/st/ng)
Detected photoelectrons

:R-}H, = 1 (pe/pix/GTIN)

;i Expected slow-data counts

_-‘a.-P . = 30 (pe/piviops)

W

Cloud top altitude:

Ah =1 km




Specification

Item Value Reference
VWavelength 330 — 400 nm
Spatial res, 800m x 800m Same as JEM-EUSO
detector
Detector MAPMTs
Hesolution 8 hit
Cloud top altitude N .
determination res. 1km IFOV of 1-pixel
Exposure gate -
fo 90 usec = 20GTU
¢ 1SS travel time of
Time interval 3.5 sec 1-PDM FOV
Data rate 33 kbps




Tatiana UV Flash

s BELEFRHLEEZEZLHSDMNE-EELLLY
- EEEORMMERLZL

- E-ERE?

— = {SADINSITREDFHF S M



The results of satellite
“Tatiana” launched in
January 2005 are

important for planning




The detector of UV radiation

2 3 4




Examples of satellite “Tatiana” data
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The geographical distribution of UV flashes
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nuimber of flashes, %
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The geographical distribution of UV flashes
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The gengraphlcal distribution of UV flashes




The geographical distribution of UV flashes
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Narrow Bipolar Event
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The geographical distribution of UV flashes

= e = =
'ﬁi’:&-‘.ﬁ -:'l: sl :P"ull":“"‘_ . -
ol P, B “'-1-3.?,5-*-' o, {% w40
.-rﬁ.;:; e S R
LT

180

A
) B
--_-.1..\

-ﬁ:i‘”‘*‘“

e of flashes, %o

a B B

(=]

above ocean

above dry Laud —

_=




Examples of satellite “Tatiana” data
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The detector of UV radiation

2 3 4




The results of satellite
“Tatiana” launched in
January 2005 are

important for planning




Tatiana UV Flash

s BELEFRHLEEZEZLHSDMNE-EELLLY
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Specification

Item Value Reference
VWavelength 330 — 400 nm
Spatial res, 800m x 800m Same as JEM-EUSO
detector
Detector MAPMTs
Hesolution 8 hit
Cloud top altitude N .
determination res. 1km IFOV of 1-pixel
Exposure gate -
fo 90 usec = 20GTU
¢ 1SS travel time of
Time interval 3.5 sec 1-PDM FOV
Data rate 33 kbps




[ -Photon counting of background photons
1 - Continuous measurements with the ISSmotion
— Apply the “stereoscopic vision” method

[EUSO-SDA-REP-017]

i " Background photons

1 =500 (ph/nd/st/ng)
Detected photoelectrons

:R-}H, = 1 (pe/pix/GTIN)

;i Expected slow-data counts

_-‘a.-P . = 30 (pe/piviops)

W

Cloud top altitude:

Ah =1 km




Log N [Cumulative number / Earth / Day]
I
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(=]
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—
Ln

Magnitude from ISS
30 25 20 15 10 5 0 =5 =10 =15 =20 =25

L] L] L L] L]

' vertical FOV of 60 deg
E A

— o - — —
B 102 erg 5! emr? A-'][[16-% erg 5 orrd He'')

i 444.8nm Johnsor B |6.45
i o 550.50m Johnsor ¥ |a.aa 2,68 -
658.8nm Covaina e [2.20 3.0
Eﬂ_ﬁ.ﬂnm Cousins i [1.14 2 46

el Rl (1997) oA 1997 % | AR pE3

Brighter than Smag(4.24x10"-11 erg/s’em/A): 10"2.5~300/day

-20 -15 -10 -5 0 5 10 1
Log m [kg]

S. Abe 2007



HDTV Spectrum of 2001 Leonid Metear

Mg : (O] Maximum magnitude~—4Mv
e R rOV=23x13 dogrecs

2nd order
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Slow Data

- ETEEE

— ATLAAIE
« ThE

—10F~13F (FJHIZEKD)

+ 1~10° /day

- HERENDOFHZL

- MEHEGAN(AHA. EEN—TF)
« Tatiana UV Flash



» Velocity of ISS: 7.9 km/s

 20GTU
« FOV of 1PDM : 28.8 km_. T i
gy — 1;.
- 35g —
FPGA
=
Scaler ;
g slow-data
MAPMT: e ASIC | '
- b
/ Scaler Trigger Trigger
gate =25us |[[™] #1 = # -




/
."If 1 PDM
28.8 km
\ 8bit
Y

" 36 pixel

Slow-data obtained at only 2

PDM lines will be stored!

+ All of PDMs equip "slow-data” DA
« Continuous BG photon counting

JEM-EUS0 F3

0

Viss
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=

o g __."'

:-‘-‘_H"“‘H.
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L& 33 Ba
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Slow-Data




Performance simulations, #3:

SR/Signal/'SNR

100

0.01

0

: T I il |
5000 10000 15000 20000 25000 30000
Altitude asl, m

| — SR — Signal counts — Signal-to-Noise Ratio |

results for
355nm, 0.01sec
integration time,

30m range
resolution



Performance simulations, #1: Subsystems

Subsystem

Lidar 2

Transmitter

Wavelenoth, nm

Pulse repetition rate, pps

Atremged transmitted power, W

Divergence full angle , mrad

K]

Optical efficiency

Receiver

Primary receiver aperture diam,

Secondary mirror aperture, cm

Field of View full angla. mrad

Interference filter, FWHM

Interderence filter, transmission

Optical efficiency {without filter)

Detector

Quantum efficiency, “o

Diark noise, counts per second

Acquisition

{ph. counting)

Range resolution, bin meters

Integr‘atiun fime, sec

Satellite

Alttude, km




Another spaceborne lidar- first CALIPSO
results (#2)

]

Altitude {km)
T

1 23 45 67 9% 12 3 4567 8%17172 3 4567 821732 3425
i nig? i a1y
Attenuated Rackscatter (om-1 s 1)



Lidar




IR Camera Development with EADS/SODERN
Major Change from CIMO1 to JEM-EUSO IR Camera

(1) Pixel size of detector
“64 X 647 — 9320 X 240
Boeing U3000A (320x240)

(2) FOV

Line scanning — =60"

Based on CIMO1 design, they can

produce FAM of JEM-EUSO IR

L] - - 1 L] - m m
camera with 3 SMEuro within 5 7 e 2nse
/I N
Vears. I e S LV
’ e _| ('f N F'};;'I'*':E%*fmm
-y - Y = A le ]
Specification of IR Camera _"-\gaz i

Should be determined betore 12E, 2007 e



IR Camera Development with EADS/SODERN
CIMO1 (or TASI) onboard METOP]1 satellite

IAS A Specification
- Scanning Mirror
= Sensor (CINO1)
A: 10.3-125

L m
sensor:  bolometer arrav
pix. size: 04 X 04
res.; 12 bat
FOV: 60 X 60 mrad
NETD : ~80 mk




Requirement

ftem Value Reason
Wavelength 10-13 um Alficsphens
transmission, S/N
n Same FOV as JEM-
Spatial Resolution 0.25"° 1.8 km/pix @ nadir
Observation Cloutop temperature
Temperature Range 200 - 320 K in troposphere
Altitude resolution <
Tempara_tura <3 K 500m
Resolution u led
IR Sensor Microbolometer Mass, Power
i} [ray :
GRS | 1SS miotion withinm -
Exposure Time 133 msec pix
aflR camera |
1SS motion of

Observation Interval

30 sec (5 sec TBC)

JEM-EUSO +; FOV




IR Camera




Lsing the measurenments in these three-fonr directions

Jor calibration of the IR radiometer [emperaiire vs L] ] O
clond fop altinede — Reference lines ; the same for the

L7F o stow mode »




1SS motion
i - 9 JEM-EUSO
Atmospheric Monitoring System ! —
i
' +IR Camera

Imaging cbservation of cloud temperature
inside FOV of JEM-EUSO

: -Lidar

Ranging observation using UV laser

- JEM-EUSO “slow-data”

. Continuous background photon counting

B 3 [ .: : ..I " .
i 4 i - 1 i ; "
~:*’ 7 ;
-

T

* Cloud amount, cloud top allitude: (IR cam., Lidar, slow-data)

- Airglow : (slow-data)

- Calibration of telescope: (Lidar)




mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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observing cosmic rays
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.
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Focal Surface

Ray trace

Optics Requirements
—FoV +30°
— Pupil entrance pupil = 2 m
~F#=1.0

— Spectral range 330-400 nm

— Spotdimension ~0.1° (SmmaQ)
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1.0

! JEM-ELYE) optics |

g

08

'gicwf TOP

og

0E

Encircled Energy
within 5mm dia

0.7
o
T
-;__JI
/ ¥

[#X]
<
= ¢
=
=

0.5

Field of View (deg)

=33



LRI X BE




JEM-EUSO £ fEDEE

Focal Surface detector

(164PDMs = 0.2M pixels) Elementary Cell

2] (2x2 PMTs = 144 pixels)

._--_-l

MAPMT

w PiKEIS]

>
2.26 m max (3x3 ECs = 1296 pixels)




Photo Detector Module (PDM)

* 9 Elementary Cell (EC), 1 HY module,
v HER CIREE

v msteRi®

v KAEFREOR

9 HV divider

o

i
&

s

 MAPMT
— |_-36PMTx36ct

oF

ek .

s
faifa

o sl b
bz s

HV board

o AR



Progress: /N7 EUSOZRE

40cm Diameter
v I



Progress: /N7 EUSOZRE




mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000



1SS motion
i - 9 JEM-EUSO
Atmospheric Monitoring System ! —
i
' +IR Camera

Imaging cbservation of cloud temperature
inside FOV of JEM-EUSO

: -Lidar

Ranging observation using UV laser

- JEM-EUSO “slow-data”

. Continuous background photon counting

B 3 [ .: : ..I " .
i 4 i - 1 i ; "
~:*’ 7 ;
-

T

* Cloud amount, cloud top allitude: (IR cam., Lidar, slow-data)

- Airglow : (slow-data)

- Calibration of telescope: (Lidar)




Lsing the measurenments in these three-fonr directions

Jor calibration of the IR radiometer [emperaiire vs L] ] O
clond fop altinede — Reference lines ; the same for the

L7F o stow mode »




IR Camera




Requirement

ftem Value Reason
Wavelength 10-13 um Alficsphens
transmission, S/N
n Same FOV as JEM-
Spatial Resolution 0.25"° 1.8 km/pix @ nadir
Observation Cloutop temperature
Temperature Range 200 - 320 K in troposphere
Altitude resolution <
Tempara_tura <3 K 500m
Resolution u led
IR Sensor Microbolometer Mass, Power
i} [ray :
GRS | 1SS miotion withinm -
Exposure Time 133 msec pix
aflR camera |
1SS motion of

Observation Interval

30 sec (5 sec TBC)

JEM-EUSO +; FOV




IR Camera Development with EADS/SODERN
CIMO1 (or TASI) onboard METOP]1 satellite

IAS A Specification
- Scanning Mirror
= Sensor (CINO1)
A: 10.3-125

L m
sensor:  bolometer arrav
pix. size: 04 X 04
res.; 12 bat
FOV: 60 X 60 mrad
NETD : ~80 mk




IR Camera Development with EADS/SODERN
Major Change from CIMO1 to JEM-EUSO IR Camera

(1) Pixel size of detector
“64 X 647 — 9320 X 240
Boeing U3000A (320x240)

(2) FOV

Line scanning — =60"

Based on CIMO1 design, they can

produce FAM of JEM-EUSO IR

L] - - 1 L] - m m
camera with 3 SMEuro within 5 7 e 2nse
/I N
Vears. I e S LV
’ e _| ('f N F'};;'I'*':E%*fmm
-y - Y = A le ]
Specification of IR Camera _"-\gaz i

Should be determined betore 12E, 2007 e
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Another spaceborne lidar- first CALIPSO
results (#2)

]

Altitude {km)
T

1 23 45 67 9% 12 3 4567 8%17172 3 4567 821732 3425
i nig? i a1y
Attenuated Rackscatter (om-1 s 1)



Performance simulations, #1: Subsystems

Subsystem

Lidar 2

Transmitter

Wavelenoth, nm

Pulse repetition rate, pps

Atremged transmitted power, W

Divergence full angle , mrad

K]

Optical efficiency

Receiver

Primary receiver aperture diam,

Secondary mirror aperture, cm

Field of View full angla. mrad

Interference filter, FWHM

Interderence filter, transmission

Optical efficiency {without filter)

Detector

Quantum efficiency, “o

Diark noise, counts per second

Acquisition

{ph. counting)

Range resolution, bin meters

Integr‘atiun fime, sec

Satellite

Alttude, km




Performance simulations, #3:

SR/Signal/'SNR

100

0.01

0

: T I il |
5000 10000 15000 20000 25000 30000
Altitude asl, m

| — SR — Signal counts — Signal-to-Noise Ratio |

results for
355nm, 0.01sec
integration time,

30m range
resolution



Slow-Data




/
."If 1 PDM
28.8 km
\ 8bit
Y

" 36 pixel

Slow-data obtained at only 2

PDM lines will be stored!

+ All of PDMs equip "slow-data” DA
« Continuous BG photon counting
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."If 1 PDM
28.8 km
\ 8bit
Y

" 36 pixel

Slow-data obtained at only 2

PDM lines will be stored!

+ All of PDMs equip "slow-data” DA
« Continuous BG photon counting
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Performance simulations, #3:

SR/Signal/'SNR

100

0.01

0

: T I il |
5000 10000 15000 20000 25000 30000
Altitude asl, m

| — SR — Signal counts — Signal-to-Noise Ratio |

results for
355nm, 0.01sec
integration time,

30m range
resolution



Performance simulations, #1: Subsystems

Subsystem

Lidar 2

Transmitter

Wavelenoth, nm

Pulse repetition rate, pps

Atremged transmitted power, W

Divergence full angle , mrad

K]

Optical efficiency

Receiver

Primary receiver aperture diam,

Secondary mirror aperture, cm

Field of View full angla. mrad

Interference filter, FWHM

Interderence filter, transmission

Optical efficiency {without filter)

Detector

Quantum efficiency, “o

Diark noise, counts per second

Acquisition

{ph. counting)

Range resolution, bin meters

Integr‘atiun fime, sec

Satellite

Alttude, km




Another spaceborne lidar- first CALIPSO
results (#2)
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Altitude {km)
T

1 23 45 67 9% 12 3 4567 8%17172 3 4567 821732 3425
i nig? i a1y
Attenuated Rackscatter (om-1 s 1)
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IR Camera Development with EADS/SODERN
Major Change from CIMO1 to JEM-EUSO IR Camera

(1) Pixel size of detector
“64 X 647 — 9320 X 240
Boeing U3000A (320x240)

(2) FOV

Line scanning — =60"

Based on CIMO1 design, they can

produce FAM of JEM-EUSO IR

L] - - 1 L] - m m
camera with 3 SMEuro within 5 7 e 2nse
/I N
Vears. I e S LV
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-y - Y = A le ]
Specification of IR Camera _"-\gaz i

Should be determined betore 12E, 2007 e



IR Camera Development with EADS/SODERN
CIMO1 (or TASI) onboard METOP]1 satellite

IAS A Specification
- Scanning Mirror
= Sensor (CINO1)
A: 10.3-125

L m
sensor:  bolometer arrav
pix. size: 04 X 04
res.; 12 bat
FOV: 60 X 60 mrad
NETD : ~80 mk




Requirement

ftem Value Reason
Wavelength 10-13 um Alficsphens
transmission, S/N
n Same FOV as JEM-
Spatial Resolution 0.25"° 1.8 km/pix @ nadir
Observation Cloutop temperature
Temperature Range 200 - 320 K in troposphere
Altitude resolution <
Tempara_tura <3 K 500m
Resolution u led
IR Sensor Microbolometer Mass, Power
i} [ray :
GRS | 1SS miotion withinm -
Exposure Time 133 msec pix
aflR camera |
1SS motion of

Observation Interval

30 sec (5 sec TBC)

JEM-EUSO +; FOV




IR Camera




Lsing the measurenments in these three-fonr directions

Jor calibration of the IR radiometer [emperaiire vs L] ] O
clond fop altinede — Reference lines ; the same for the

L7F o stow mode »




1SS motion
i - 9 JEM-EUSO
Atmospheric Monitoring System ! —
i
' +IR Camera

Imaging cbservation of cloud temperature
inside FOV of JEM-EUSO

: -Lidar

Ranging observation using UV laser

- JEM-EUSO “slow-data”

. Continuous background photon counting

B 3 [ .: : ..I " .
i 4 i - 1 i ; "
~:*’ 7 ;
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* Cloud amount, cloud top allitude: (IR cam., Lidar, slow-data)

- Airglow : (slow-data)

- Calibration of telescope: (Lidar)




mlhe real atmosphere — clouds and desert dust

Sahara dust over the Atlantic on 26.2.2000
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Photo Detector Module (PDM)

* 9 Elementary Cell (EC), 1 HY module,
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JEM-EUSO £ fEDEE

Focal Surface detector

(164PDMs = 0.2M pixels) Elementary Cell

2] (2x2 PMTs = 144 pixels)
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2.26 m max (3x3 ECs = 1296 pixels)
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CYTOPZRAULVI=¥XFR

Focal Surface

Ray trace

Optics Requirements
—FoV +30°
— Pupil entrance pupil = 2 m
~F#=1.0

— Spectral range 330-400 nm

— Spotdimension ~0.1° (SmmaQ)

JEM-EUSD vs ESA-ELISO opiics
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A AR [£(35)

Experiment Logistics Module

I/Pr&ssurizeu:l Section (ELM-PS)

Airlock

/Remte Manipulator System
e, (JENRMS)

Pressurized Module
{H}Dia:dﬂm Length:11.2m

Exposed Facility
(EF)

E iment Logistics Modul
Inter-orbit Communication System(ICS) LR Ll ki

Smxdmxd.6m - —Exposed Section (ELM-ES)
CJAXA  hitpiss.sfojaxa jpliss/kibo/pictem_all_ejpg
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Fornax A
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Formation of extragalactic jets
from black hole accretion disk _g_f--f"'\
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Fornax A
Fig. 2. Aitoff projection of the celestial sphere in galactic coordinates with circles of radius 3.1°
centered at the arrival directions of the 27 cosmic rays with highest energy detected by the Pierre
Auger Observatory. The positions of the 472 AGN (318 in the field of view of the Observatory) with
redshift z < 0,018 (D < 75 Mp<) from the 12th edition of the catalog of quasars and active nuclei
(12) are indicated by red asterisks. The solid line represents the border of the field of view (zenith
angles smaller than 60°). Darker color indicates larger relative exposure. Each colored band has
equal integrated exposure. The dashed line is the supergalactic plane. Centaurus A, one of our
closest AGN, is marked in white.
Pierre Auger Collaboration, Science 2007 318, 938.



Arrival Directions (AGASA)
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EUSOME X785

EUSO ~ 1000 x AGASA ~ 30 x Auger P
f EUSO (Instantaneous) ~ 5000 x AGASA
~ 150 x Auger
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Light Curve (Fhoton)

ELSO Focal Surface
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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JEM-EUSO Collaboration

10 countries, 56 institutions, 149 members
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Gregoric (Triesme), F. lsgro, F.Guario, 0. D'urso (U “Federico N7 oFf Mapoli), . Osteria, D. Campana, M.
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Switzerand : A. Maurissen, V. Mitev [Neuchatel. Swiizerland) :

Spain: D Rodriguez-Frias. L.Peral, J.Gutierrez, R.Gemez-Herrero (Ui, Alcala)
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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Status and the challenges of the highest-energy Universe by

observing cosmic rays

* LHC explores HIGGS, SUSY DM < 7 TeVic?(=10"" eV) from Dec 2007
* Highest energy CR: Unknown for origin, acceleratio; physics unknown at > 300 TeVic?
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