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Formation of extragalactic jets
from black hole accretion disk

Extragalactic
jet

Magnetic
HERIGES

Accretion \ ,
disk




fth O BE I ER AT (1)

Cygnus A




fth D B ;R ER ] (2)

HEDHEA=M87

M87 (I & D BEGR D H I

% LA H I 48T o

F%ﬂ%ii‘é (F12)

azu;f ,*7 1 w,".@fjg

Mar. 4.1996, 21h02m~21h51m(JST)

. Fakastiima

T 7 A RXWBABL > 5 —
EYXXE tyuns




fth @D FE IR ER A (3)

Hotspot

3C31 3C98



. BeaIRrILXF—RF?

 [RE—ER RENOHIRET
— ZIRA MM LIREFE TED
—EIRILF—FERIELT v T ZvICHAS




Galactic-MF structure & UHECR propagation

10**19eV
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ICRC 2011 : Beijing : JEM-EUSO
Gustavo Medina-Tanco — ICN-UNAM



Five years after launch:
1000 events (proton) -, o5
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JEM-EUSO science potential

Single source astronomy
(1) PSF identification, (2) individual spectra, (3) multiplet statistical analysis,
(4) catalogue cross-correlation, (5) multiwavelength study, (6) GMF determination

E*xdN/dE

GZK sphere

s G. MEDINA-TANCO 2009
vYeT T 1T T T 1
- 5 yr JEM-EUSO (2 nadir+3 tilted)

D, =5 Mpc
~1 evlyr E> 60 EeV at Auger

L L L 11l

\ 68% CL
- ’

-~ ,4
S \ /
od ’

\\,

lllllll

] T
a
N
°
<
-]
2
@
1 1

10."1 1 l 1 I 1 l 1 l 1 l 1
18.8 19.2 19.6 20 20.4 20.8 21.2
log E [eV]

Source + protonsz 2 Detector {Aitoff}: logE color encoded

— 28,7
r 1 28.6
- 1 28,5
F 1 28.4
F 1 28.3

r 1 28,2

r 1 28.1
28
19.9

19.8

19.7

log E

19.9

19.8

19.7



Distribution of Astronomical Objects

stars X-ray Burst Planetary Nebulae

ETARSE, PM = 1" /YEAR .
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JEM-EUSO EE target region

Equivalent c.m. energy\fgpp (GeV)
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Principle of Relativity

Principle of Relativity: Galileo Galilei:
There are no differences in physical
laws at any velocity

]

Theory of Relativity: Einstein: Lorentz

Invariance

Must be violated!




Greisen-Zatsepin-Kuz'min Process
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Why JEM-EUSQO? Large exposure + Full sky coverage
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ISS Orbit
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1979, An idea™ of John Linsle

John Linsley in 1979 in the Field
Committee Report of NASA “Call
for Projects and Ideas in High
Energy Astrophysics for the 1980s”

The concept to observe, by means
of Space Based devices looking at
Nadir during the night, the
fluorescence light produced by an
EAS proceeding in the atmosphere

In Early 1990s John had moved to
Palermo to work on the PLASTEX
experiment with his old friend
Livio Scarsi, and Osvaldo Catalano




Yoshi Takahashi 1995

* Fresnel Optics enlarges
Field of View+-30degree

* Observational Area ™
100,000 km?




John Linstey, "search for the End of the Cosmic Ray Spectrum”
AIP CP433, 21, 1977,

FOURTH BRE_AK_’]_‘_I-_I_}IROUGH?

A
5 | MASS IN oaa&r
On 15 May, 1995, my wife Paola te Tl \ MRy &

was trying to get in touch with me
was, "1 have written a paper ab
Satellite. The technology and neul
idea of 1979. [ would like to send

MASS: Maximum

Energy Auger (Air)
Shower Satellite .:?,MAG,NG AREA".
Italian Mission f‘f(500~1000KM)

EEEEE SRR SR

launch reqmreme:nts His order of

the same amount his counting rate. _ ; -
if formidable technical pl'DbIEﬂ'IS are Flg. 3 Artist view of the MASS on orbit.
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Successful Launch of HTV
September 11, 2009




| Photon’s types |
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All mission aspects have been successfully studied by
JAXA and RIKEN: open issue of ISS resources.

Parameter Value

Launch date JFY 2016
Mission Lifetime 3+2 years
Rocket H2B
Transport Vehicle HTV
Accommodation on JEM EF#2
Mass 1938 kg
Power 926 W (op.) 352 W (non op.)
Data rate 285 kbps (+ on board storage)
Orbit 400 km
Inclination of the Orbit 51.6°
Operation Temperature -10° to 50°




R 175 7

DAQ Electronics

Optics

ens

Precision
Fresnel lens

/"
y,

Iris

N7 14,
Support Structure

4
I v.'

Front lens

On-board Calibration
Ground Based Calibration [

Ground Support Equipment

Focal Surface Detector

Housekeeping

Simulation : Worldwide
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Comparison with current observatories

Observatory Aperture  Status Start Lifetime Duty Annual Relative

km? sr cycle Exposure to Auger
km? sr yr

Auger 7,000 Operations 2006 4 (16) 1 7000 1

TA 1,200 Operations 2008 2 (14) 1 1,200 0.2

TUS 30,000 Developed 2012 5 0.14 4,200 0.6

JEM-EUSO 430,000 Design 2017 5 0.14 60,000 9

(E=1020 eV)

JEM-EUSO 1,500,000  Design 2017 5 0.14 200,000 28

(highest energies)

Tilted mode 35°
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Upper limits on neutrino flux
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GMF assesment through PSF global patterns

Individual PSFs do not need to be visible — 2D correlation function in (I,b) is enough to recover
the structure.

G. Medina Tanco - ICN/JUNAM



Key observation and
iInstrument requirements

Observation area (Nadir)

>1.3 X 105 (H,,/400[km])2 km2

Arrival direction determination
accuracy

Energy determination
accuracy

Xax determination accuracy

Energy threshold
Duty cycle
Lifetime

<2.5° (at E=10% [eV] and
60° zenith angle)

< 30% (E=102° [eV] and 60°
zenith angle)

<120 [g/cm?] (E=107%° [eV] and
60° zenith angle)

<5.5x10"° [eV]

= 17%

> 3 years (goal: > 5 years)
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TA-EUSO
2012F M12RAFTIC

Telescope Array (TA) A MZH T34
a7 Ak

« TA-EUSO ffﬁliBlaCk Rock
MesaD EIELER=IFTDRIZ1EL

— Electron Light Source at 100m
— Most nearby SD is at ~3.5 km
— Central Laser Facility ~21km
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Super hybrid event
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EUSQO Balloon

- [N TZERDS
- UVEE£E (PDM EM + 3 lenses system
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On the Sky Background

Nightglow background: 100 - 500 photons/m?/ns/sr
Sakaki, BABY, NIGHTGLOW, Tatiana
Increases by ~1.5 with clouds
Airglow (~100 km height): 250 - 600 photons/m?/ns/sr
Moon phases (<25%): <100 ph/m?/ns/sr

Background measurements with coarse resolution (~200 km FoV)

From Tatiana Universitetsky Satellite. o and P = large cities
‘S 2-108 2000, ph/m?/ns/sr
=
-g: o B
2 1108 J1000
& ] e
0 400 800 1200

t, sec



PARAMETERS OF 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
SN 1 20-10
E...(eV) 3x10%° 1.5-3x10%8
Number of PDM 143 1

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

53




Typical event observable by EUSO-Balloon (2)

Proton:

E =4-10'%V
0=57.5°
¢=188.7°
Xo=9.3 km
Yo=3.1km

Event landing
outside the FoV
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Space Agencies

JAXA: Japan

ESA: Europe

NASA :US
Roscosmos: Russia

National Space Agencies
— ASI, CNES, DLR, etc




Review by JAXA

09 FHMARF 1013001

e R 2174 10 7 20 B « Exposure Facility working
R — Group (Chaired by Prof. F.
tomamne - T Makino) of ISS “KIBO”
utilization promotion committee
of JAXA, reviewed JEM-EUSO

=
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AHEZRSR D CICRERSAR R TER - Bl ZE E LR, 5l . .
BAR LR 75 L AR SIE UL, as a mission around 2015 on

October 20, 20009.
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JEM-EUSO (Extreme Universe Space Observatory onboard JEM/EF) {Z-2WTHL,
2015 EEDOH— FEHI v v a VORLREME RHATRESRH D Z Lo, B
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K « Resource sharing among ISS partners
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Huge Pacific Ocean
will be our Detector

e

US Dept of State Geographer
Data SIO, NOAA, U.S. Navy, NGA, GEBCO
© 2012 Europa Technologies
© 2012 Google

White circle - HORIZON from S-EUSO (900km)



Four Space-Based Missions

AOptics
perture :
S I
TUS 1.8 9° x9° 0.6°
(2012—)

60° ¢x48°
EUSO 4.5 0.07°
(2017—)
S-EUSO 38 50° ¢ 0.04°

(2025—)

Orbit
altitude
[km?]

500

400

~900

Geom.
aperture
[km? sr]

2.0x10%

4.0x10°
(5.5x10%

2.0x10°

Annual
exposure
[linsley yr]

2,700

60,000
(7000)

300,000






JEM-EUSO EE target region
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New Organization

— PI: Piergiorgio Picozza
— Deputy PI: Toshikazu Ebisuzaki
— Global Coordinator

Andrea Santangelo
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Angular resolution

* Full FoV (E>10720eV)
* Central FoV (E>5x10719eV)

Energy resolution

e Full FoV (E>10720eV)
e Central FoV (E>3-5x10719eV)

Xmax resolution



Angular Resolution
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End to end simulations show that the requirement is met.
Beijing, August, 2011 International Cosmic Ray Conference 2011
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Energy Resolution
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Price tag $700M
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Individual source identification

HALO BORDER G. Medina-Tanco, 2009

True source
(1,b)=(135,20)

source

SOLAR CIRCLE

PSF @ detector

G. Medina Tanco - ICN/UNAM



Protons: E>55 EeV - 300ev from ULX + 500ev (bckgr) from IRAS

Source + protons B Detector {(Aitoff}: logE color-coded {388 events from ULX & 5688 from IRAS B E>55EeV} Iog E
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G. Medina Tanco - ICN/UNAM



JEM-EUSO @ 5 yr —

ﬁ
B =1Xx Bayn
800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Source + protons @ Detector {Aitoff}: logE color encoded
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G. Medina Tanco - ICN/UNAM



JEM-EUSO @ 5 yr —

ﬁ
B =2 X Bayn
800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Source + protons B Detector {Aitoff}: lopE color encoded

1.5 T T
GC @ x=8 & 1=+

20,7

- 7 28.6
- 7 28,3
- 7 28.4
- 7 28,3

- 7 28,2

- 1 28,1
28
19.9

19.8

19.7

G. Medina Tanco - ICN/UNAM



JEM-EUSO @ 5 yr —

ﬁ
B =5 X% Bayn
800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Source + protons @ Detector {Aitoff}: logE color encoded
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G. Medina Tanco - ICN/UNAM



JEM-EUSO @ 5 yr compared to Auger —

__*
B =2 X Bayn
800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Same as previous with Auger present
exposure

Source + protons B Detector (Aitoff}: logE color encoded Source + protons @ Detector {Aitoff}: logE color encoded
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Bipolar Hyper Shell

Sofue et al 2000




