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John Linsley, Livio Scarsi, and S1&5& £




1979, John Linslev@ T

SOCRAS: Satellite Observatory of Cosmic Ray Showers

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
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Livio Scarsi, EUSO Pl
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2000-2004 EUSO on Columbus (ISS)

[ VincentVan Gogh, “The staprjees . AL/ T N =

The EUSO submitted to ESA in Oct.
1999 (as F2-F3 missions) was re-
oriented to a payload for the ISS

Extreme Universe Space Observatory

2000-2001 Preliminary Accomodation
study by D/MSM and D/SCI

ESA Phase A studies March
2002-2003




EUSO General
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EUSO General
Meeting, Huntsville,
May, 2002




Space Shuttle Columbia Disaster
15t of February 2003




he new dream started at the EUSO Re-foundation
meeting in Nov. 2005, in ESTEC

EUSO Historical Remark

* 2004/July:
—Phase-A study successfully completed and approved at
the ESA Final Review, including HTV alternative to STS.

« 2005/Feb - Nov: EUSO Re-foundation began, but

— ESA Phase-B was postponed for a long time
because of the D/S financial problems and anti-ISS
sentiments in Europe, ESA D/S Committees and ASI

« Japanese and US teams of EUSO sought the possibility
to put it on Exposure Facility of Japanese Experiment
Module of ISS. (L. Scarsi agreed/encouraged it Jan 2006)

| — JEM/EUSO

*Y. Takahashi’s presentation 2006




JEM-EUSO Kick-off meeting,
June 6-8 2007/




EUSO and JEM-EUSO: A Mission to Explore the Extremes
of the Universe using the Highest Energy Cosmic Rays
and Neutrinos by observing Earth

ESA CEPF case
Launch by STS (2000-4)

JEM EF case
JEM-EUSO launch by HTV

*Y. Takahashi’s presentation 2006
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the huge exposure area

3000 Gton — for HE neutrinos

A

oo
et Image © 2009 TerraMelrnics
Data © 2009 MIRC/ JHA
2008 Cnes / 5pot Image




| West Australia |

Western Australia
ocean & desert

Saipan (mid-Pacific)
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City lights — selection from DMSP data
Intensity > 2000 ph/m?/ns/sr (9% of FoV)

DMSP data lights 2006, Intensity > 10
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P. Bobik, JEM-EUSO simulation meeting, Kosice, 2011
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Not shown to scale
(schematic illustration)

Typical FOV of ground-based telescope
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Optical Depth

B OHEE

Groen band ~ 60% Cloudtop ~ FGarinoetal, D39
<3km | 3-7km | 7-10 km | >10 km
OD>2 17.2 5.2
OD:1-2 5.9 2.9
OD:0.1-1 6.4 2.4 3.7 6.8
OD<0.1 29.2 <0.1 <0.1 1.2

Occurence of clouds (in %) between 50° N and 50° S on TOVS database.
The matrix Optical depth vs. Cloud-top altitude is shown.

Confirmed by ISCCP,CACOLO & MERIS database



Hiax[km]

Cloud impact for shower maximum
observability
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o Large ZA EAS has limited cloud impact



EDHWEE
Clear sky ~ 29%

Green band ~ 60% Cloud tOp F.Garino et al., ID398

3-7km | 7-10 km | >10 km
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OD<0.1 <0.1 <0.1 1.2

Occurence of clouds (in %) between 50° N and 50° S on TOVS database.
The matrix Optical depth vs. Cloud-top altitude is shown.

Confirmed by ISCCP,CACOLO & MERIS database
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| Photon’s types |

Bl Fluo: 7131
I Dir. cher. : 568
[ Bek. cher. : 018
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GTU #

GTU time units

Gtus 0-88 Hits on screen: 596
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Back. =500/ (m? sr ns)
SIEDTFIL
duration = 50-150 us

(@]

Simulation of the light profile
observed at the entrance pupill
(above) and of the observed
shower image (using the
ESAF code)
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JEM-EUSO EE target region

Equivalent c.m. energy \J'Epp (GeV)
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Gustava Medina-Tanco = ICN-UNAM




UHECR status in just one word

Previous to Auger / HiRes :

1 particle
100 km? yr sr

G. Medina Tanco - ICN/JUNAM



UHECR status in just one word

Previous to Auger / HiRes : Key Auger / HiRes result:
1 particle 1 particle
100 km? yr sr :ﬁﬁikwnzgﬁ"sr

1000

G. Medina Tanco - ICN/JUNAM



JEM-EUSO uniguenes

Large exposure + Full-sky coverage

g I:l | L | | I | I | LI I I LI | L I I | | I LI I I | | L I I .l:.
Q9 C 5 E U Tllt-modg ******** i
2 :  JEM-EUSQ.+*" o,
. 6 2 " -‘
§106 5 10 km Sr yr ;e Q 0“.»\ ..... —
.- : . 3 . . ‘ ;"_“..IIE
> F i i i =
- C Nadir-mod¢
4 :
o~ I
E105 .:_,\,., ..................... P R _:.
= E =
Q C |
S .
g — all
n L N ROt SOTRSERRRSUSURR SO w SNSRI U0 SUURRRSRRRRO SR~ cuuN SO SN —
b — =
w c |

—
o
w

102 b

1990 1995 2000 2005 2010 2015 2020 2025
Date

G. Medina Tanco - ICN/JUNAM




1)

Relative exposure (Isotropic
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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

Source + protons @ Detector {(Aitoff): logE color encoded

GZK sphere

y

: observer.

G. MEDINA-TANCO 2009
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Distribution of Astronomical Objects
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Arrival Distribution of Heavy Nuclei

A pessimistic case rather than a conservative case

v Pure Fe composition initially (astrophysically unrealistic, but most pessimistic)
v Almost upper limit values of GMF and IGMF

69 events

1000 events




Artival Ristribition pfHeavy Nuclei

Pr ibsalta ity

v Pure Fe composition initially (astrophysically unrealistic, but most pessimistic)

v Almost upper limit values of GMF and IGMF

69 events Auger aperture
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v Anisotropy will appear with > 99%.
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v Anisotropy from the nearest source is expected by JEM-EUSO.
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Upper limits on neutrino flux
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Key observation and
Instrument requirements

Observation area (Nadir)

>1.3x105 (H, . ./A00[km])2 km?

Arrival direction determination
accuracy

Energy determination
accuracy

X ox determination accuracy

Energy threshold
Duty cycle
Lifetime

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

< 30% (E=104° [eV] and 60°
zenith angle)

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

< 5.5x10%° [eV]
>17%
> 3 years (goal: > 5 years)




Japahesg_Experlment I\/Iodule
Ssa"Kibo” July 2009




Standard Payload: mass 500 kg,
envelope:1.85mx1.0mx0.8m




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°




})4‘7“ Japan Aerospace Exploration Agenc esa space for europe
JEM-EUSO

Ground
Support
Equipment.

- ~_ Mission
N Data &~ Operation

( 7 Xe Flasher . "= = Center = . .




Science Instrument on HTV

Side view

--------------
-------------
------

.

----------

. .

v, .
......

-----
.......
..........
-----------

H2B Transfer

Vehicle (HTV) < 37m

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

HTV was successfully launched on September 2009



AMS: Poster MD Rodriguez-Frias

Science Instrument: deployed

Mechanism | %]

Deployment

Atmospheric Monitoring
System: IR-Cam + Lidar

Focal Surface
Detector and
Electronics

Focal Surface

Rear Lens

Middle Lens

.
‘e
,
Y,
ay
LY
uy
Tug,
"f"frssssssssssssnns’®

R
®
.
_s*

Optics
Fresnel
lenses

a—.

Precision optics cancels chromatic aberration.
Materials: PMMA+CYTOP

Front Lens

Pallet

JE—



EFR 175 73
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DAQ Electronics

Optics

=IC

Rear Fresnel lLens

P

Precision
Fresnel lens

Front lens

Focal Surface Detector On-board Calibration

Housekeeping O Ground Based Calibration E

Simulation : Worldwide

Atmospheric Monitoring Ground Support Equipment
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1 manufactured in Japan and

= tested in the US at the University
¥ of Alabama (Huntsville) and at
MSFC (NASA)

.......

Tested performances meet
already the requirements
(or are close to it)



Elementary Cell
(2x2 PMTs = 256 pixels)

MAPMT
(8x8 pixels)

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

Focal Surface detector
137 PDMs = 0.3M Pixels




Why JEM-EUSQ? Large exposure + Full sky coverage
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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=10%0 eV)

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

(highest energies)
Tilted mode 35°




E*J(E) [km? yr!sr1eV?

Estimation of event statistics
Observational time 19% & cloud-impact 70%
Incident spectrum assumed to Auger ICRC2011

Recovery model (Medina Tanco) also tested

10%¥ £

1037

log. (E/eV)

10

18 18.5 19 19.5 20 20.5
I l LI I l LI | I l LI [ l LI B | ] LI I ] I
- 1
JEE P Bange) < E /logyg E—logyg Eq 7
| 1+ exp ( T eagWe )
[y =3.27+0.01 Y, = 2.63+0.02
' oo ) log (E, /eV) =19.63+0.02
log
@ Auger combined [ I
| — Fit (x*/ndof = 33.7/16 = 2.3)
11 I 1 I 1 1 1 1
10" 10" 10%°

| F. Salamida [Auger Coll.], icrc893 |

E3 x Jg(E)

If actual spectrum were Auger
without recovery



Expected number of events in 1 year data taking

log(Energy [e\é]& 5
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Number of event [1/0.1 decade per 1 yr]
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[ & 0 > 60°
200 0 200

X[km]




10707070 1) S ....................................... ............. S — ..................................

; per 10 year)

th

No. of events (>E

Expected number of events 5 years (>E)

|

N
o
o
o

I IIIIIII‘

100

[T IIIII’
[ 11 lllll|

-
o

JEM-EUSO with recovery —f—
JEM-EUSO without recovery

—
©
—
o
N
[S]

10



UoA W N

Contents

FEINDITIUONT—EBADT AT TR

-]
.

AAIBNESDOMN- R TATDEREITHDE
. JEM-EUSOS I a Vil E
INRTF7AF—2yay
SV AVIRIREFTED




INRIT AR —3ys Y

TUS (Lomonosov satellite: Russia)
EUSO-BALLOON (France)
TA-EUSO (H &K)

MicroUVT (H &)




TUS

e O T7MDELE “Lomonosov”
— 202IZF TBEITFE

e Skobeltsyn Institute of Nuclear Physics, Moscow
State University, Russia

o Bl BIffTHI/NR I 7 A3 —
« FEMOUNYTI—ZFRS
o UVE=JtDEH
e PMT EILZFOZOX

e UFFO (Ultra Fast Flash Observatory)
- BEDOHUIHRN—R2yay




Lomonosov Satellite

UFFO

solar panels

satellite body

TUS mirror-
concentrator

%

TUS photo receiver



TA-EUSO
2012F M12 A F TIC

Telescope Array (TA) GAMZHITSH
RHEERT

« TA-EUSO 2 =#%(dBlack Rock
MesaD®EILERIFEDRIIZEL

— Electron Light Source at 100m
— Most nearby SD is at ~3.5 km
— Central Laser Faclility ~21km

nll




51.2usec (inc. | 2.8us-pedestal)

Location - Black Rock Mesa

I[UVT is able to observe CLF and ELS.
Time: March. 2012~ - The second half of 2012

Synchronize between TA and IUVT: GPS time
(If possible, we want to use Trg. Signal from TA elec.)

IUVT should have a mechanism to change its elevation.

FOV of IUVT = (1/4) x FOV of TA camera

CLF event
L3

@BRM 20km ELS event @BRM Stereo event
-rX48]- /
. '
= | S 0% Srpeiene e DA PR SN Eoeas:
40us/4 =4 GTU ) \
TA Camera ’
e -10
| pixel = Ideg ‘ ¥ o e e _T' -
; K | Black Rock Mesa
-20 —— l - : ‘

-10 0 10
X [km]




FD
Black Rock

JEM-EUSO

Diameter(m) 2.5
FOV/Pix(deg) 0.08
FOV/PDM(deg) 3.84
Effective Area (km”2) 28,191
S/sart(N) 1
Target energy (eV) >3.00E+19
Number of PDM 137
Event Rate(/h) 0.56
~ Side view

Mesa

focal length 2Zm o
IUVT lens diameter |.5m- 8
\ W

Elevation angle 26.25°

< E.1bm x24mx26m(H)

>9m
=3.0m/tan(18.5°)

TA-EUSO
1.2(effective diameter 1m)
0.17
+4

3.94

>1.00E+18

0.1

ELF

CLF
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Programmatics (1)

o J—0Ow/\FEHEI(ESA): 2010FEMNSELIPSTOY S5 L0 —E]
ELTHIZE, ESAIXFEH#EBEICH ITHARE

e AL 7FHMHE (ROSCOSMOS)

— Tsniimash (Roscosmos ISSHFZE#E8) Prof. Panasyuk (Russian PI) A%
JEM-EUSOIZDWVTSTECEEETHRE. TERZEZH/DS

— BERYUIMILKRFIZTEFRIEM-EUSO= & (201245H)

— Tsniimash®#AZEFr. ISSIEHHE|FT R HNHROSCOSMOSEIFEERIZF 4K
JEM-EUSOASINEISSERIZCDOWLTHERRBDIKEE

- EREHE(EUCHREHBE) ZHEITHLETEREE MOURHE



ROSCOSMOS
BANTOTSLFARADFHK

/MHMMIIAIM A AFDA ALUNE UNCMUUECKOF AFFHTCTRAN A .A_

To the Director of the Division
of Manned Space Program
of ROSCOSMOS

Alexey B. Krasnov

Dear Alexey Borisovich.

Russian scientists appealed to the Coordination Scientific and Technical Council (CSTC) of
ROSCOSMOS requesting for possibility of their participation in the International wide-scale space
experiment onboard the International Space Station “JEM-EUSO — International Observatory of the
Universe by means of the extreme energy particles™.

Currently the status of the Project is set. JEM-EUSO collaboration includes over 250 scientists form
77 organizations of Russia. Japan. USA. Korea. Mexico. Bulgaria. France. Germany. Italy. Poland.
Slovakia. Spain. Switzerland.

= W TR T - & T

Habmonenns BeeneHHOM ¢ NOMOMIBIO SACTHI IKCTPEMANTBEHO BRICOKHX HEPruf».



Programmatics (2)

o KEFHHRE(NASA): SALMON AO (2011)IFRIREn -
=0 20123 A IZFHPIMAngela Olinto (A3 K) DEHLEARPA/
ROSESIZHIRE : KEDFEHERAT—LavEBREDIRE~ADES
<, FDHDFunding Agency~NDIREZE

o BAFHER(JAXA): 2015EA20FEIVI AV ELTHE,
RKEELUVAL 7 TOEEZE L T

e 1M E: EUSO Balloon%>
TA-EUSO~AMD S0,
JEM-EUSOND T ED#E[HZEED
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Cover Page for Proposal NASA Proposal Number

Submitted to the
National Aeronautics and 11-APRA11-0066

Space Administration

NASA PROCEDURE FOR HANDLING PROPOSALS

This proposal shall be used and disclosed for evaluation purposes only, and a copy of this Government notice shall be applied to any reproduction or
abstract thereof. Any authorized restrictive notices that the submitter places on this proposal shall also be strictly complied with. Disclosure of this
proposal for any reason outside the Government evaluation purposes shall be made only to the extent authorized by the Government.

SECTION | - Proposal Information

Principal Investigator E-mail Address Phone Number
Angela Olinto olinto@kicp.uchicago.edu 773-702-8206
Street Address (1) Street Address (2)

5640 S Ellis Ave LASR 228

City State / Province Postal Code Country Code
Chicago IL 60637-1433 US

Proposal Title : U.S. Participation in the Extreme Universe Space Observatory on the Japanese Experiment Module

Proposed Start Date | Proposed End Date Total Budget Year 1 Budget Year 2 Budget Year 3 Budget Year 4 Budget Year 5 Budget
01/01/2013 12/31/2017 494,105.57 67,747.90 67.394.62 68,656.18 144,183.55 146,123.32




New Organization

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

Andrea Santangelo




The Wizard Program
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S-EUSO

Photon Corrector Mirror: 8 m

FoV: > 50°

Pixel Size: 0.02°

Assembly and Tune-up in orbit (ISS)

— Space Factory Concept
— Make a Free-Flyer



Price tag $700M
Out of Strategic Planning
2002-2003

Optics option 15° FOV
Limited by Schmidt

3/23/01, 5/14/04
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Huge Pacific Ocean
will be our Detector

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)



TUS
(2012—)

JEM-EUSO
(2017—)

S-EUSO
(2025—)

Four Space-Based Missions

Optics
Aperture

[m?]

1.8

4.5

38

FOV

9°x9°

60°9x48°
(40°¢)

50°¢

Pixel
side

0.6°

0.07°

0.04°

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






Multi-units and/or multi-fleet
2 X 3 makes 6 times

Spacecraft

(a) Side View

60°
Entire Horizon of the Earth’s Surface

60°

60 60°

60°
(b) Top View

FIGURE 1. Combined Field-of-View of the Mult-OWL units.
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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/JUNAM



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

Source + protons @ Detector (Aitoff): logE color-coded (300 eventsz from ULX & 508 from IRAS & EXSSEsV) fﬂg E

- T
GC @ W=0 B l=+168 @ left e v O

. P
True source direction

; f High energy

Low energy
+

19.8

19,6

G. Medina Tanco - ICN/JUNAM



JEM-EUSO @ 5 yr B’ 1 -~
— 1 X BAhn

800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Source + protons @ Detector {Aitoff): logE color encoded

T 20,5

- 1 28.4

- 1 20.3

- 1 28,2

- 1 28,1

20

19.9

19.8

19.7

G. Medina Tanco - ICN/JUNAM



JEM-EUSO @ 5 yr B’ 2 -~
— 4 X BAhn

800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Source + protons @ Detector {Aitoff): logE color encoded

1.5 T T T T T 20,7
|y - vy
GC @ x=08 & 1=+ b

+* e+ +

v,

- 1 208.6
20.5
20.4
20.3
20,2

20.1
20
19.9

19.8

19.7

G. Medina Tanco - ICN/JUNAM



JEM-EUSO @ 5 yr

800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

—

B

= 9 X EAhn

Source + protons @ Detector {Aitoff): logE color encoded

1.5 T T T T
U,
GC @ x=0 & 1=+ o

T 20,6
- 1 208.5
- 1 208.4
- 1 20.3
- 1 28,2

- 1 20,1

20
19.9

19.8

19.7

G. Medina Tanco - ICN/JUNAM



JEM-EUSO @ 5 yr compared to Auger —

B:2X§Ahn

800 events: 70% bckgr from IRAS LSS + 30% from ULX PSrc

Same as previous with Auger present

_ exposure _
Source + protons @ Detector {Aitoff): logE color encoded Source + protons @ Detector {Aitoff): logE color encoded
1.5 T T T T T 1.5 T T T T T ] 29.5
GC @ %=8 & 1=+180- GCEx=0 & l=188@left
v, - 1 28.4
1 1
- 1 208.3
1 8.5
- 1 28,2
b ;] - 1 20.1
20
-8.5
19.9
-1
19.8
-1.5 19.7

G. Medina Tanco - ICN/JUNAM



Fe: 500ev from ULX & no background events

Source + Fe # Detector (Aitolf): logE color-coded (588 events B EXSSEeV) |Og E

GC & x=0 & l=+180 & left

- - A4

1.5 1 L 1 1 1 19,6




GMF assesment through PSF global patterns

Medina-Tanco & Teshima (2003)

E,=10® eV

E,=10"% eV
E.=10"%ev "
E;=10"‘eV

[/

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

G. Medina Tanco - ICN/UNAM
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Scientific Objectives 3

* Exploratory Objectives: Atmospherlc suence
— Nightglow m“ L :
— Transient luminous events

— Space-atmosphere interactions and climate |
change

* Exploratory Objectives: Meteors and
meteoroids

— A fast UV monitoring of the
atmosphere



The UV Telescope Parameters

Field of View +30°
Monitored Area >1.3%10°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 =3%10°
Pixel size on ground =560 m
Time Resolution 2.5 us
Dead Time <3% +
Detection Efficiency 220%

.Optics Throughput



Upper limits on the photon-abundance - simple approach

Adapted fromAuger Collaboration, Astroparticle Phys. 31 (2009) 399-406
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Photon discrimination

ISS samples all possible relative configurations of the geomagnetic field vs. EAS direction.

JEM-EUSO is ideally suited to exploit interplay between LPM & photon splitting

G. Medina Tanco - ICN/JUNAM



Neutrinos from space

proton / nuclei

neutrino

G. Medina Tanco - ICN/JUNAM



Neutrino discrimination: down-going neutrinos

Supanitsky & Medina-Tanco, 2011
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Distribution of the first peak of the profiles for proton and
neutrinos of E = 10%° eV and 6= 85°.

G. Medina Tanco - ICN/JUNAM



Inclined down-going Ve — V- discrimination

180 10° mxlo‘ Supanitsky & Medina-Tanco, Astropart. Phys. 2011
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LIV for HE electrons and photons

The same argument of
Glashow & Coleman can :5 —
be applied to the decay 59}’ =C—C

of photons into e*-pairs

f 620 —> ¥y — e +e is kinematically allowed for all photons

with:

2
E>m, W

Thus even a trivial (but still restrictive) limit on 6 comes from the mere
eventual observation of HE photons by JEM-EUSO at ~ 10%° eV:

2 2x(5%x10°)°

G. Medina Tanco - ICN/JUNAM



LI space symmetry violations

The possibility exists that there is an asymmetry in space, which could be the
manifestation of vector fields in space.

A stringent test of relativity could be made from
high multiplicity sources at known distances. If
the GZK steepening functions consistently
deviate at some directions in the sky external
fields, like vector fields, might be emerging
which are not unidirectionally Lorentz Invariant.
On the other hand, the proof of non-vector
fields would verify Lorentz Invariance at EHE.
The possibility remains that there is an
asymmetry in space, which could be the
manifestation of vector fields in spac

Gustavo Medina-Tanco — ICN-UNAM



UHECR spectra at different region of the sky

n,,, : (1=45,b=45°)
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Micrometeoritos

Unknown velocity

AN

Known projection

Atmosphere

Ground



Micrometeoritos: search for and characterization of small debris

Perseids (ZHR=84) + Background(ZHR=15)
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Fig. 28.1 The direction of origin of 132996 meteors detected in 1990 and 1991 with the AMOR
radar by Jack Baggaley, University of Christchurch.
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