- Cosmic Rays of
Extreme Energies

"



How Extreme???




MontBlanc
. Egeer~ 102 eV~ 10,000,000 Epye*

| or ~ 300 TeV CM
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&  Conclusion:
By he end of the decade,
V@ can probe interactions at

300 TeV CM from Space!l!
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Current Observatories of
Ultrahigh Energy Cosmic Rays™

* UHECR:

E>EeV=10!8
Telescope Array >EeV=107 eV

Utah, USA
(5 country " \
collaboration) R
700 km? array 4% Pierre Auger
3 fluorescence ) Observatory
telescopes | Mendoza, Argentina
(19 country
3 collaboration)

" 3,000 km2array
4 fluorescence telescopes



Current Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array

Utah, USA

(5 country
collaboration)

700 km? array

“  Pierre Auger

3 fluorescence Observatory
telescopes 2. II\'/Iendoza, Argentina
(19 country

collaboration)

4 fluorescence telescopes
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EXTRA-GALATIC!

A great success of recent efforts at ultrahigh

energies is establishing the extragalactic nature
of UHECRS.



Auger Dipole Measurement

Amplitude

b bl L TR ——

0.01

P. Abreuetal. ‘11

#- Rayleigh Analysis
—®- tast/West Analysis

4 5 10 20 Phase

—&- East/West analysis
- Hayleigh analysis

2 3 45 10 20
E [EeV]



Galactic Magnetic Fields

Better constrained
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Anisotropy Limits

rule out Galactic components of
protons to CNO as dominant CR component E >1 EeV

and Fe above ~20 EeV
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GiaCinti et al ¢ 1 1 Energy (x 108 eV)



Recent Results

E>20 EeV Cosmic Rays are EXTRAGALACTIC*

(*unless they are much heavier than Fe!!)
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Recent Results

E>20 EeV Cosmic Rays are EXTRAGALACTIC o

Implies a GZK* feature in the spectrum

(*Greisen-Zatsepin-Kuzmin)



"Cosmologically Meaningful Termination®

& "
L) F .

Proton Horizon
~1020 eV

‘_—"

GZK Cutoff
Greisen, Zatsepin, Kuzmin
1966
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Composition and Transition from Gal to XGal
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Recent Results

E>20 EeV Cosmic Rays are EXTRAGALACTIC o

E>40 EeV GZK-like feature in the spectrum o
or end of the injected spectrum, E_ . ? o

GZK implies anisotropies since GZK limits distance
< 100 Mpc and matter distributed anisotropically in
these scales!



Above 60 EeV

Angular deviations for protons less than 3 degrees

Kotera & AVO ‘11
Kotera & Lemoine "08



Auger Anisotropy Hints
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Centaurus A /.

I I I I
68% isotropic —
95% isotropic
= 99.7% isotropic
dala

Number of events

15 | N
| \ Large Scale Structure
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: or Point source
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Telescope Array

25 events above 57 EeV - consitent with LSS
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Abu-Zayyad et a12-=

above 100 EeV
Auger/TA doublet

Troitsky 12
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Recent Results

E>20 EeV Cosmic Rays are EXTRAGALACTIC o

E>40 EeV GZK-like feature in the spectrum o
or end of the injected spectrum, E_ . ? o

E>60 EeV Anisotropy Hints o

@ @

E>40 EeV Composition may be changing! $&8




Composition observable:

shower maximum
<X 0> & RMS(X_..)

Auger level
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Before LHC
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Recent Results

E>20 EeV Cosmic Rays are EXTRAGALACTIC o

E>40 EeV GZK-like feature in the spectrum o
or end of the injected spectrum, E_ . ? o

E>60 EeV Anisotropy Hints o

o ©

E>40 EeV Composition may be changing! $

Or maybe the HE interactions are changing! o



How do we solve this Conundrum?



How do we solve this Conundrum?

GET A LOT MORE DATA above 60 EeV!il



How do we solve this Conundrum?

GET A LOT MORE DATA above 60 EeV!!!!
GET A LOT MORE DATA above 60 EeV!!!
GET A LOT MORE DATA above 60 EeV!!!!
GET A LOT MORE DATA above 60 EeV!!!

OVER THE WHOLE SKY !
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How many EECRs > 60 EeV?

Before we see a source?
1,000 is a good o0.0.m. estimate

80

| Correlation |

1,000 simulated events
>60 EeV

can separate populations
even for transient sources

Kalli, Lemoine, Kotera, ‘11

-150-100 =50 0 50 100 150 200
Xe




How many EECRs > 60 EeV?

Before we see a source?
1,000 is a good o0.0.m. estimate

Dipole from direction of Cen A in Auger >60 EeV:

(a posteriori) right ascension harmonic analyses
Anchordoqui, Goldberg & Weiler ‘11

Cl.’d= 0.25

50 discovery requires 1,000 events
(with whole sky coverage)



How many EECRs > 60 EeV?

Auger w/ 3,000 km?
~20 events > 55 EeV/ yr

Telescope Array w/ 700 km?
~4.6 events > 55 EeV/ yr

TOTAL ~30 events/yr



How many EECRs > 60 EeV?

Auger w/ 3,000 km?
~20 events > 55 EeV/ yr

Telescope Array w/ 700 km?
~4.6 events > 55 EeV/ yr

TOTAL ~30 events/yr
It will take 30 years to reach 1,000!
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How many EECRs > 60 EeV?

Auger w/ 3,000 km?
~20 events > 55 EeV/ yr
Telescope Array w/ 700 km?

~4.6 events > ﬁ\/ yr
TOTAL ~30 events/ ér &0 g S
Earfh5

surFace ~ 5 108 km?©

~3.4 10° events/yr



Go to SPACE!

To look down on the Atmosphere!



RIKEN, NASA, JAXA,
ESA, ROSCOSMOS

e

JEM-EUSO
Extreme Universe Space Observatory (EUSO)
in the Japanese Experiment Module (JEM)
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JEM-E ollaboration

e
1

Japan, USA, Koredy,

Europe: Bulgaria,
Slovakia, Spain, S

Russia

many A y, Poland,

13 Countrigs (L
. g
_ - e !
:I ..-'"-‘ i I*r i {" 4 .
I' | - ] V. -:!"..1' i.-i- .I.:. L | 111". F : u




JEM-EUSO

Cherenkov

Ground
Support

4 .
| L
: s »
L -
" .
- = ¥ .
i | —ow I =
Equipmen - . . A I
_...---'_' I.I- - - = . o .:“.‘ w l-
i i VT | I - .. ¥ 3 p !
5 ¥ | ; 3 I
i L 3 LW
- -
E —

‘1‘ Ground Segment

MIEEIDI‘I
F Operation
CE"E'E' _— Control

. Flasher K
F 4 .

e —



Mission Studies

Parameter

Launch date

2017

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

591.6°

Operation Temperature

-10° to +50°




HTV is 4m across ~10 m long

s e

| BREI21—- 2l
| ¥ A Avionics Module

' MNawgation Light
FESEFeUF
Linpressuroed Camier

SE++U7

Pressurzed Carmier




UV Telescope Parameters

Parameter

Field of View

Value

+30°

Monitored Area

>1.3%x10°km?

Telescope aperture

22.5m

Operational wavelength

300-400 nm

Resolution in angle

0.075°

Focal Plane Area

4.5 m?

Pixel Size

<3 mm

Number of Pixels

Pixel size on ground

=3x10°
=560 m

Time Resolution

2.5 us

Dead Time

<3%

Photo-detector Efficiency

220%




International Role Sharing

DAQ Electronics
o [lo N
: . l

D

Lens

¥ Precision
el lens

Frontfkre: lens

On-board Calibration

Ground Based Calibration |58
Atmospheric Monitoring Gru Support Equipment

[

imulation : Worldwide




Science Instrument on HTV

Stowing configuration
to carry by HTV

Side view

H2B Transfer
Vehicle (HTV) " 37m J

22



Science Instrument

Side view

Focal Surface

Detector and
Electronics

Deployment Focal Surface

Mechanism

JEM-EUSO Telescope
will be deployed
after it is attached at
the ISS

Rear Lens

Middle Lens |

Atmospheric
Monitoring
System

Optics

Front Lens

Pallet

23




Optics design by ray tracing

Simulation conditions

et e

FOV +30

Optical 330 +400 .
bandwidth nm

Entrance =223 m

Pupil

Diameter

Finumber =1

Focal ~4.5 m?

surface (curved)

area

AT T AT TAT . N b

A. ZUCCARQO, ID 0852

Focal Surface

Rear Lens

Middle Lens

Precision Fresnel _
lens cancels Optics
chromatic aberration

—q. /

Front Lens

Diameter : 2.65m

24



Test of Breadboard Model Lenses

J.H. Adams, ID 1100
Y. Hachisu, ID 0874

3 Breadboard Model (BBM)
Fresnel lenses (1.5m ¢) are
manufactured and tested.

Tested performances meet
the requirements or are
close to it.

Result: ~3mm RMS
Req. : 4.6mm RMS ™



Focal Surface Detector

26mm Y. Kawasaki, 1D 0472
L 55mm M. Ricci. ID 0335

Elementary Cell

4932 2x2 PMTs = 256 pixels)

MAPMTs
(8x8 pixels)

\

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

Focal Surface detector
137 PDMs
= 0.3M Pixels

1 High Voltage / PDM

27



Result of end-to-end simulation

F. Fenu, ID 0829
K. Higashide, ID 1240
T. Mernik, ID 0633

Simulated air shower image on
the focal surface detector.

Num. of Photons

— et Detected photoelectrons are

Bl on Fs:4810

We-wsux | recorded every Gate Time Unit

10%V | (GTU) of 2.5us continuously.
60 deg

28
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106 X Area of Auger
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10 x Exposure

3000 Gton — for EHE neutrinos

. - Image @ 2009 TerraMetrics f >
- e Data © 2009 MIRC/JHA >/
| & : ;;-";:__} o © 2009 Cnes/Spot Image ) o ﬁ

Mata CIOY NAAA 11E Mawu NCA FERCOY -

o8 SaT o A
by - Google




JEM-EUSO

Er T T T[T T011 [—
e1 799 B
sl 141
— 20
= a/l1/7 =
a25 il
295 ]
= 0165
ot} B
> ot
et { . W
—23
= M, de
el
I 1
—24 e e | |®
19 19.0 20

annual exposure =

10 x Auger

6 10* km? sr yr

fq{ujﬁ T T rrrrrgi-4
g —
= —
— e _
() - f‘ ]
[ B
-
E <
.x. B J.f_-"! ]
e, -
.3}
S104 % —
T - 1 AUGER ]
(- - |
(- i |
> -
L e | =
© I
— e
= s| I
<IC - =
._} —
| ]
- _
|
1(3233 o
i| | | | I | 1]
19 19.5 20

q° L B N B
A
Sl =l =
——r [ 58
= T - _
< = -
BN A
O 10° | — v —
—_— = A =
- =
l = v
oD W _
= il v |
—
T F 8
ETD v
: F
—
— L
< —]
r N
= L |
h 2
W AUGER
; .:".L.JI|:M—EL_JEO
1C;- | L 1 |
19 19.5 20

Logqo (

= /eV)



Full Sky Coverage

with nearly uniform exposure

Inclination: 51.6°
Height:  ~400km



JEM-EUSO

Full sky coverage

Relative exposure (Isotropic = 1)

Declination [°]
-30 0 +30 +60+90

JEM-EUSO (ISS) /64,000 km?*-sr
Auger (¢ = 35.5°S) / 7,000 km*-sr
TA (p=39.1°N) 7 1,800 km*-sr

-1 -08-06-04-02 0 02 04 06 08 1
sin(Declination)



Serendipity: ZeV neutrinos

diffuse v, 4+ v, + v; limits
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Serendipity: NLSP slepton

Gravitino is LSP (lightest supersymmetric particle)

slepton is the next to lightest (NLSP) long lived

SUSY breaking @ 5 10° GeV signature:

coincident upwards taus

Telescope (400 km height)

I 100 km

Albuquerque & de Souza ‘12



EUSO Balloon - pathfinder

a pathfinder misslion for JEM-EUSO

E US O-BALLOUON




How many EECRs > 60 EeV?

Auger w/ 3,000 km?
~20 events > 55 EeV/ yr
Telescope Array w/ 700 km?

~4.6 events > ﬁ\/ yr
TOTAL ~30 events/ ér &0 g S
Earfh5

surFace ~ 5 108 km?©

~3.4 10° events/yr



How many EECRs > 60 EeV?

JEM-EUSO
~200 events > 55 EeV/ yr

8

Earth - surface ~ 5 108 km?

~3.4 10% events/yr
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Ned SllgniﬁcamL Increase In
Statistic\at the highest energies.
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&  Conclusion:
By he end of the decade,
V@ can probe interactions at

300 TeV CM from Space!l!
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