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- EUSO-TA & Balloons detector

instrument booth

optical bench

radiator

electronics (DP)
on "dry shelf"

PDM

Fresnel lens L3
fixed/tight

Fresnel lens L1
adjustable

Baffle &
“deceleration cylinder”

IR Camera




Comparing Auger FD and EUSO-like telescopes
—

mirror size 6 x 11 m? 1 m? lens
FoV 6 x (30 x 30) deg? 11 x 11 deg? 4x4 degz/PDM
Ang. resolution 1.5 deg/pixel 0.2 deg/pixel 0.075 deg/pixel
Pixel size 5x5 cm? 3x3 mm? 3x3 mm?
Camera size 6 x 440 pixels 2304 pixel 2304 pixel/PDM
EAS distance 40 km 1- 30 km 400 km
light intensity 1 >1 0.01
(@40km=1)
time resolution 100 ns 2.5 us 2.5 us
signal acquisition charge integration photon counting photon counting

~1.0 m?2

EUSO-SPB camera has ~100 times
higher density of pixels

A significant difference in
detectors, a technological
challenge...






Simulation

Cosmic ray event, 13/5/20135

Telescope Array reconstruction

Zenith = 35°

Azimuth = 7° (clockwise from N)
E=10%eV

Rp = 2.5 km

Core = (14.8 km, -10.9 km) respect CLF

Measured signal [PMT counts/pixel/GTU]
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GTU: 284114, pkt: 2219, GTU in pkt: 82, UTC time: 2015-05-13 08:26.53. 3762424, GTU: 284114, pki:- 2219, GTU in pki: 82, UTC time: 2015-05-13 08:26.53.3762424, 065na p(lSO)
Utah time: 2015.05-13 02.26:53. 3762424 Utah time: 2015-05-13 02:26:53.3762424
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EUSO, 1 frame, 2.5micros EUSO, 2*2 TA signal
(courtesy TA coll. ),



E.quivaient — Distance along tel. axis

Fit with second degree polynomial
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Total of 9 events in ~130h detected in coincidence with TA

(8-9 events from ESAF simulations assuming a simplified trigger scheme)

G. Abdellaoui et al. (JEM-EUSO Coll.), Astroparticle Physics 102 (2018) 98—111

See poster by F. Bisconti on EUSO-TA results



CLF and laser tests

d= 100 km
E=85md
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Laser direction reconstruction
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* GLS at 34km
* Telescope tilt 10°
* 34km away from the detector * GLS zenith 90° (vertical)
* Energy: 23mJ . 2Hz
» Sweep in azimuth with 2 different zenith . :
angle (130°/140°)  Various energy settings
4,6,9, 12,13, 15, 16, 17, 19,
1 20mJ
* 500 shots were fired (50 each
setting)

N

/

4 1 |EUSO-TA under upgrade

TA-CLF Low power
(check calibration)




2. EUSO Balloon flights
1st fllght Aug 2014 Timmins (CA)

_ 18900 s @ float
2 _’:“ﬁ(())OO events

equivalentto 80 s
integrated time

Payload built by JEM-EUSO collaboration
CNES (French Space Agency) mission



the balloon track and

Lake Huron
O.Suolbury Sault Ste.-Marie o
float 3:43 UT | <
“éﬂ'-‘/f termination 8:20 UT

Timmins

launch 0:53 UT \—-/s&ashdown 8:59 UT é—"’)

| 1007km | V




Very good matchlng with DMSP satellite images

e, Correct estimation of FoV

& 13 v ¢ svonacaner (0D Important for track reconstruction
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Implications for UHECR observation
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A(E,y) = / " A (Bo, N(T)) dT

0

Mim T

:/0 [A() < %O ' Eo) ' (%)
A = Exposure
Eo = energy
No = reference counts in dark condition
N = counts
T = time
To = measurement time

dN.

Variations in exposure due to light variation
can be calculated directly from the data

EUSO-Balloon Airglow - Starlight models:

lo = 300 - 320 photons m= sr-1 nsg-!
300 - 500 nm band

lo = 260 - 170 photons m-2 sr-1 ns-"
300 - 400 nm band

a factor ~ 2 increase with clouds

BaBy balloon (1998):
lo = 400 - 450 photons m-2 sr-1 ns-! - (300 - 500) nm band

BaBy balloon (2002):
lo = 310 photons m-2 sr-!' ns-1- (300 - 400) nm band

NIGHTGLOW balloon (2000):
lo = 300 photons m-2 sr-' ns-1- (300 - 400) nm band

Reasonable results considering variability of night glow and complexity of meastirement for EUSO-Balloon



Laser Track

Helicopter Events
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events/0.5°
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TRACK RECONSTRUCTION

Detector

Entries
Mean
RMS

91
91.46

100

40 50 60 70 90

Yy

R": distance to laser
RP: shortest distance
from beam to detector

T,: emission time at R,
W :angle to R in SDP
W: angle in SDP

2-parameters fit

QUALITY CUTS:

- Track >4 GTU
-15mJ (~10%° ¢eV)
Energy

48

he) 2
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o
> 60
32 50
| |
40
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16
—20
—10
% 16 32 28 0
x pixel id
Time Fit: Run 53951 Event 673
2 108 chi2 = 0.00251294
e [ {, = 55.4053 = 0 GTU
<07}

R, = 35,0617 = 0 km
v, = 90.856" + 3.004"

°_';“ss'“‘&““Jy““a‘a““é“"go"“s‘.““
pixel FoV: 150 m vo
path crossed by lightin 1 gtu =750 m

—

<WY>=91.5° + 3.1°
RIGHT VALUE for W: resolution improves

G. Abdellaoui et al. (JEM-EUSO’Coll.), JINST 13 (2018) 98111



EUSO-SPBI1: launch on 25th April 2017
from Wanaka, New Zealand

NASA Mission. 2nd
Payload built by JEM-

EUSO collaboration
New lenses, Focal
Surface, %\ o
Improved Electronics ot cmmmn SR, %

- gt 2 Fix ,’“" "‘,",‘1 1S y : ‘!& .
In principle up to 100 - EUSO-SPB1 flew as a mission of opportunity on 3rd NASA super
days ﬂlght' ' pressure balloon test flight April 25- May 6 2017

=12 day flight, early termination
. T g =Preflight Ground tests of flight instrument in the desert

ObJGCthe. FlI‘St UV lasers, LEDs, aircraft, stars, meteorite

UHECR ShOWGI’ =40 hours flight data - dark, moon down (28 hours downloaded)
observation from above

Internal trigger boosts sensitivity to UHECRs

x10° compared to EUSO-Balloon T




NASA Super Pressure Balloon

2015: 32d5h 2016: 46d20h 2017: 12d4h

= 3

L . R

NASA Engineering Flight COSI

Expected EAS events for EUSO-SPB (ESAF sim.)

6.3+0.9 10.6+2.3

NASA goal is to reach 100 days flight !
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Trigger Threshold Measurement with Laser

GTU: 44966, pkt: 351, GTU In pit: 38,
UTC time: 2016-09-28 07:00.02 3026626
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Reproduction of laser field test results
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EUSO-SPB & EUSO-TA

Fit with second degree polynomial

40
Detected events
35
CLF

30 GLS laser

25

20

Distance along telescope's axis (km)

15

{I [TTTTI ’II [TTTT ‘H I[ [T

10

EUSO-TA,

Not detected events

EUSO-SPB
self-trigger

10 10'®

S FTTTITTT]

10%°
Eeq (V)

24km

Equivalent Energy 0.85 mJ (50% Trigger Threshold)
~ 3x1018 eV for EAS as viewed looking down from

balloon height.

Scaling JEM-EUSO
to EUSO-SPB

JEM- EUSO-SPB
EUSO rescaled
Height(km) 400 33
Diameter(m) 2.4 1
FoV/pix(deg) | 0.08 0.2
Pixel@ground| 0.580 120
(km)
FoV/ 3.8 11
PDM(deg)
PDM@ground 27 6.3
(km)
Signal Ratio 1 31.3
BG Ratio 1 3.1*
SIVN 1 17.8
E, (eV) 3.5x1019 2x1018
Number of 137 1
PDM

* taking into account the ratio of background (1.8/1) and

residence time in the 3x3 pixel box (1.7)

Experimentally: EUSO-SPB Einr ~ 3x1018 eV =mmp ~ 5x1079 eV JEM-EUSO
Note: EUSO-SPB2 is expected to decrease threshold through

improved optics, higher QE of MAPMTs, and shorter GTU
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EUSO-SPB1: launch on 25th April 2017
from Wanaka, New Zealand

1 GTU

Internal L1 trigger tested
2 GTU 5GTU
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~1 Expected Event during EUSO-SPB1 flight
Reality: Altitude unstable

Flight Data Status

oo e\ - Similar results with
P | 21km | OffLine
B sooee 17 km .
s0000) Estimated by scaling pre-flight
L L L L L R R R assumptions: ~1.4 events
o > » .,o’ 1 o° »

0’,\*\ 0,_\? 0).‘\ 0‘.10 0‘ .\Q 0..\0

Time in each bin: £ L, ;
* 790 minutes at 17 km 5 E
* 534 minutes at 21 km § 2
* 470 minutes at 28 km & 18F
16—

1.4

12—

Further studies (i.e. clouds) 1=
in progress. 08E-

0.6

0.4

0.2—

e e ez ed 186 188 19 192
logE

See poster by K. Shinozaki on EUSO-SPB <2



" April 28t
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Search for EAS candidates: no event found so far....

Gy 21502 UTC Tme 20170428 164316392870 - Based on the Hough transform — searching for lines
- J | in X-Y, GTU-X, GTU-Y projections
“l ) ~Precision of estimation (area of a peak in Hough space)
: : . | is considered as likelihood of single line in the image
i S X y(t
- After data reduction: 88824 events to analyse. Utah laser events >98% eff|C|enCy also N
- Small sized events represent majority of detections 92% the raising part of trigger efficiency curve
* Most events are 5 px in size
« No EAS-like track identified wf | + Moo
=n =T ’ ’ ; L |
0 o | T ‘ I i I H
Category of Events d:, ) | T f " %T JEL *
small_blob Category Qty L .6 :
Small blob 46041| 51.8 y— |
G . More vertical /short showers are triggering 7
Edge effect 33802 38.0 o B
PSF blob 2995| 3.4
R pisk Track 2194 2.5 2x1018 E(eV) 1019
unknown Pixel 2136| 2.4
psf_blob

Bog blob 96| 1.1) 1 simulated EAS injected in EUSO-SPB1
unknown 710| 0.8 experimental data: > 80% efficiency

edge_effect




CONCLUSIONS

* The JEM-EUSO program is an essential element of the roadmap of the UHECR Community

* Prototypes and Models of the major elements (Lenses, PDM, DP Unit) have been produced
and are being tested. TRLs levels have been increased up to TRL=7.

* The first pathfinder missions (EUSO-TA, EUSO-Balloon & EUSO-SPB) are providing
exciting technical and science-oriented data: the transition from paper work and design to
prototyping and measurements has been successfully performed.

* The second series of missions (TUS, Mini-EUSO and EUSO-SPB2) are expected to provide
further TRL upgrades as well as interesting scientific results.

THANK YOU
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TUS: developing methodologies /
~ for K-EUSO and POEMMA

- .
-y

See talk by P. Klimov &
poster by M. Bertaina

» Launched 2016
+  60kg 65W 2mZfs
» 256 channels (13 mm pixels)

TUS event occurred in a region excluded
by JEM-EUSO exposure calculation
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Expected triggered events using ESAF simulations:
dark hours during SPB flights 2015 & 2016

| flight (2015)

detector height

detector height

Non-uniform detector

38 km

30 km

138 h (March-Apnl 2015) |weighted sum

3.7+038

63+09

- 138 hours: time without sunlight and moonlight during the balloon flight 2015;
- comparison between the triggered events with the detector at two different heights;

|l flight (2016) detector height detector height
Non-uniform detector 38 km 30 km
211 h (May-July 2016) weighted sum 59+13 10,6 £2.3

- 211 hours: time without sunlight and moonlight during the balloon flight 2016;
- comparison between the triggered events with the detector at two different heights;

In both estimations the role of clouds was
taken into account based on climatological

data along the trajectory of the two balloon
flights (ISCCP cloud atlas)

Expected detected events N(E)
for 2 different cases

N(log(E))
5 % &

.

0.8
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0.4
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Internal L1 trigger tested

5 GTU 2 GTU

2 GTU

1 GTU
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~1 Expected Event during EUSO-SPB1 flight

. . Estimated b li -flight
Reality: Altitude unstable S assumpilons: ~1.4 ovents

Flight Data Status
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See poster by K. Shinozaki on EUSO-SPB 0



MINI-EUSO/UV-ATMOSPHERE
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Scientific challenges:

Energy threshold below GZK cutoff (a factor of 2 higher energies means very
few statistics and no inter calibration with ground experiments).

Light conditions continuously varying (ISS speed 7.5 km/s —> night/day
change every 45 minutes).

Atmospheric conditions (clear sky, clouds, lightning, cities and anthropic light)
continuously changing.

We need to test the capability of the instrument to adapt its working
conditions to the different situations.

We need to record and recognise the different atmospheric and
anthropogenic conditions.

Technological challenges:

_ow power consumption (<1kW for JEM-EUSO - 3x10° pixels)
_ow mass (~1-2 tons for JEM-EUSO)

_ow telemetry (300 kbit/s for JEM-EUSO on ISS)

Radiation hard instrumentation

32
Space-qualified instrumentation (need to increase TRL)



From JEM-EUSO mission to JEM-EUSO program

JEM-EUSO mission:

Extreme Universe Space Observatory

on Japan Experiment Module

b

Ground
Support

q - Mission
Data r Operation

) ' Center = — Control

JEM-EUSO program:
Joint Experiment Missions for
Extreme Universe Space Observatory

JEM-EUSO

PROGRAM

EUSO-TA (2013- )

EUSO-Balloon (2014) i a ¥ EUSO-KLYPVE

{4 400km
TUS (2016)

;///

EUSO-SPB1 (2017)
Mini-EUSO (2019)
EUSO-SPB2 (2020-22)
K-EUSO (2023+)

POEMMA (2028+)

See JEM-EUSO roadmap talk of E. Parizot +
P. Klimov (TUS/k-euso) & J. Krizmanic (POEMMA/spPB2)

Note: Both definitions will be 44sed in the forthcoming slides




Unexpected events

EUSO Xe flasher event

2 events compatible with | ¢ < EC8 »E?g,igy E 1 0.14mJ
mine events (Xe flashers) | 2 =

g sl

§ “" LED <Al!:ur;;:u!-5l_‘

1t mine event
Etot: 1.3ml

m
L
-3

phuton cowrt per GTU nECH

E £ 3 32 B 3 & =

ot

1 Unidentified event - speculations:

a)  Statistical Fluctuation
b) Light reflected on ground

c) Atmospheric electrical discharge
d) Reflection of Cherenkov light
e) Electric noise

Significance signal (PDM)
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arXiv:1703.04513 A
EUSO-SPB2

CHERENKOV EMISSION
FROM UHECRS
TAU NEUTRINDO

BACKGROUND

FLUORESCENCE

FROM UHECGCRS

CHERENKOV

TAUu NEUTRIND ~
35



https://arxiv.org/abs/1703.04513

'y \. MINLI-EUSO
ISS (400 km)

Earth emission Laser-generated
cosmic ray signal

Mini-EUSO FoV: + 20°
Full FoV : ~ 300 x 300 km?

.05 B X "2 Pixel FoV @ ground: ~ 6 x 6 km?
e | \ — /’F‘r;ﬂ-end Fe . i
Visible Front 3 Focal ASICs ( bl simulation
Camera €S .° surface - i
* Inside the ISS 2 Fresnel lenses and one PDM "
* 60W @ 27V, 30 kg (2304 pix, 3 mm) e ha
* Night observations About 40% orbit b el
* Nadir observations Off if ISS changes attitude 'g i Ll

* Exchange of data disk 52TB/week .




Tests of Mini EUSO engineering model

GTU: 15600, pht 129, GTU Impht: 112
UTC time: 20180314 21 4502 0402260

T 5

| Airplane X TurLab test
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Airplane crossing the FoV
(frame duration 40.96 ms)

PDM summed counts lightcurve
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D1 lightcurve in self trigger mode. The Mini-EUSO DATA:
system detects the two peaks coming D1 : 2.5 us resolution
from plane flashers. The same event . .
was triggered by the L2 as well D2: 320 MS reSOIUthn
D3: 40.96 ms resolution




JEM-EUSO Science requirements —>

a)e=30" zs !
n u n "'T '
Telescope & Mission requirements b
"’a-_.',.?..;»?" H ! r
S e 3
. o
c)0= 75 ,%é-;“‘
Parameter Requirement value A I
Operational 300-400 nm
wavelength
Field of View +30° = e |

Effective aperture = 4 m?
Pixel Field of View < 0.06°
Pixel size on the FS =3mm
Optics Throughput >50%

Vol.40, issue 1
(Nov. 2015)

Time Resolution 2.5 us
Number of pixels =3.x105 At ~ 50 - 150 HS
Detection efficiency 230% : :
Dead Time <30/° Observational duty cycle (brightness
3¢ of the sky does not hamper UHECR
measurements): ~20% : - " o LOO(ENEIOY)
Focal Surface Detector ROle Of ClOUdS N72% Lg . RE: T' R i . ! ) T. MEEE L
— City lights inefficiency: ~7% | | BRRII ™ Lo i RS
(? Lightning ineff.: ~ 2% i DR e R
s — Aurorae ineff.; ~1% ~6x1 04'—/)’;!‘"?',; P e
' : : ’5 i P '_
- b [ph'oxcn m” ns '.sr "3; =7 :
» 0.5 o] e Ly = 500 (nOMIina) _
Focal Surface detector | % \ Photo-Detector i |
”07:3::““ | odule (POM) ok kbz;“— 1600 i
"% x3 ECs = 36 PMTS cetes lyg < 4000 i
o «ef}+ lyq < 6300 =
0 PO T T | L 1 PO W T A |
10" 10%
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Energy [ev?



