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Detecting and visualising particles




Cosmic Rays

Protons up to Iron nuclei, accelerated by catastrophic
astronomical mechanisms

No accelerators can access the entire energy spectrum that we
observe in cosmic rays

Primary interactions occur at 10-15 km
from ground

100-200 muons per squared meter every second
measured at sea level

Credits: Cosmus, University of Chicago
Sergio Sciutto




The Space sector
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Government expenditure (b$) on space programs

United States

China

Japan

France"

Russia

Germany”

India

Italy™

United Kingdom*®

South Korea

European Union®

3.42
3.57

2.53
2.38

1.93
1.96

1.74
1.48

1.15
1.46

0.72
0.68

2.6
2.57

11.94
10.29

.
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Expenditure in billlon U.S. dollars

54.58

® 2021

Source: Euroconsult @ statista 2023

60

61.97

® 2022
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Space Exploration outlook

Investments in Space Exploration by application, 2022

In billion USD
W 2012-2021

Transportation

Orbital
Infrastructure

Astronomy,
Astrophysics
& Heliophisics

Moon
Exploration

Mars
Exploration

Other Deep
Space Exploration

B 2022-2031

74 (or 39% of total investment)

103 (or 36%)

| .\

41 (or 22%)

59 (or 21%)

38 (or 20%)

48 (or 17%)

8 (or 4%)

37 (or 13%)

-13 (or 7%)

23 (or 8%)

- 14 (or 7%)

17 (or 6%)

Source: Prospects for Space Exploration, Euroconsult, 2022

Top 5 investors

In % of total government funding in Space Exploration, 2022

=90

64% 17% 7%

3%

United States China ESA Japan Russia

2%

Missions launched and to be launched (>50 kg)

Number of missions
B 2012-2021 W 2022-2031

Astronomy,
Astrophysics
& Heliophisics

Other Deep Space
Mars Exploration
Moon Exploration

"
=
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European Space Agency 2023 budget (7079 M¢)

Space Safety — Commercialisation — European Cooperating —— Basic Activities —Associated with General Budget
225.9 M€, 3.2% 837 ME,12% States Agreements 3025 M€, 4.3% 301.5 M€, 4.3%
~. 3.6 M€ <0.1% :

Technology Support
218.3 M€, 3.1%

Scientific Programme
592.0 M€, 8.4%

51.5 M¢, 0.7%
616.9 M€, 8.7%

Earth Observation
1768.7 M€, 25.0%

Human Spaceflight, —
Microgravity and Exploration
886.0 M€, 12.5%

Navigation [
1135.9 M€, 16.0% 891.9 M€, 12.6%

*Includes activities implemented for other institutional partners

Eesa

2023 CERN budget is 1387 M€ |



National Aeronautics and Space Administration

$408B

Apollo program
Space Station

Space shuttle

$308

5
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Budget Authority, in Billions (FY2C Dollars)

On | « ™ N, e N\ € - ), N (v . ¢ O { < »
97 697 97 7 A NV SV D 7 6 ¥ 6D O & & NN NV N
0 O\ N Oy O\ O\ O DN O\ (@) O Q\ QN N\ o\ Q\’ N QN AN
" 2 AT AT PRc? P N ») P G R N D i o) S AN AN o AN AN aN AN "N
¥ 1/ b/ b / b 4  / b #  / Y b 2 4 Y. | 7 %4 v v | 77 4 \/ L’
@ Historical Bud & d Bud identi
Historical Budgets ' FY21 Enacted Budget FY22 Presidential Budget
CSIS Acrospace Security | Source: NASA, OMB
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FY23 Appropriations: NASA

FY23 Appropriations:
NASA Science

% change from FY22 enacted
$in () are FY23 amounts

* NASA Total ($25.4 B)

Science ($7.8 B)

Human Exploration ($7.5 B)

Space Operations ($4.3 B)

Space Technology ($1.2 B)

Aeronautics ($0.9 B)

0% 10% 20% 30% 40%

Request House Senate mEnacted

% change from FY22 enacted
$ in () are FY23 amounts

NASA Science Total ($7.8 B)

|
Planetary Science ($3.2 B)
[—
Earth Science ($2.2 B)
[E—
Astrophysics ($1.5 B)
[E—
Heliophysics ($0.8 B)
[
Biological & Physical Sciences ($0.1 B)
[
-10% 0% 10% 20% 30%

Request House Senate mEnacted

/ * Enacted amount includes $367 million in supplementary funding
L

FYI Science Policy | aip.org/fyi

2 AIP

FYI Science Policy | aip.org/fyi
18



ACCESS TO SPACE FOR ALL
A joint initiative to offer access to space research
facilities, infrastructure and information, and to
promote international cooperation in the peaceful
uses of outer space.

UNITED NA
FOR OUTER

wn—

(o}
NZ
mWwn
>0

https://www.unoosa.org/documents/pdf/Access2Space4Al/AccSpacesAll_Brochure_final.pdf
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GLALS

NO GOOD HEALTH QUALITY GENDER CLEAN WATER
AND WELL-BEING EDUCATION EQUALITY AND SANITATION

s

DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED SUSTAINABLE CITIES 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
P AND PRODUCTION

- <’ Eéa QO

h 4

13 CLIMATE 1 LIFE 15 LIFE 1 6 PEACE, JUSTICE PARTNERSHIPS
ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS

INSTITUTIONS

SAHE

SDG 4 "Quality Education™: Access to Space for All provides educational resources supporting the hands-on component.
SDG 8 "Decent Work and Economic Growth™: Access to Space for All builds capacity for individuals to access jobs in the space industry.
SDG ? “Industry, Innovation and Infrastructure™: Thanks to some of the hands-on opportunities of Access to Space for All, institutions

create facilities that remain available once the opportunity has heen completed.
20



Space
democracy

Credits: Google Earth



Data Usahility
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The Firmamento Project

f " HOME DATAACCESS‘ RESOURCES MEDIA 'TUTORIALS FEEDBACK™

’ : - ¥

involve matter falling onto supermassive black

4 : . . Blazars
. ’» . A : . _
O g M }, Blazars are very special cosmic laboratories that
4 L o' o ¥ N Y
. ! e - 31 4 -_.':% - S

o . -
D l s cove r . BI a z a rs _ ¥ ?';P?-"::-' ‘. . holes and the ejection of narrow jets of particles
: . o - - thatmove ata velocity that is close to the speed
. SR o garie of lightig 2
Don't know what a blazar is? . el e R S | eam more »
Check out our resources # Pz e T e

Resources

Blazars are fascinating astrophysical sources that are playing an increasingly important role in modern astrophysics. Because of their extreme properties, such as the

ability to emit highly variable radiation over a wide range of wavelengths, from radio waves to gamma-rays, blazars are believed to be powered by a relativistic jet of

matter that is emitted from the vicinity of a supermassive black hole and points in the direction of the Earth. Blazars are also strongly suspected to emit neutrinos and

cosmic rays, making them important targets for multi-messenger observations [ that can provide a more complete picture of the Universe.

https://firmamento.hosting.nyu.edu/home



https://firmamento.hosting.nyu.edu/home

The Firmamento Project

f HOME DATA ACCESS- RESOURCES MEDIA TUTORIALS ‘FEEDBACK

User input  List including blazar candidates High energy catalogs Other catalogs Firmamento blazars catalog

Blazars discovered with firmamento Server Status: @ Online
Ireci ame eg- Jce/0, or: 192- 1949 " Total Active Jobs: 0
3C278 193.650417 -12.563333 SSDC 1

Ra: 193.650417 (12 54 36.1)
Dec: -12.663333 (-12 33 47.99)
Gallong: 304.14

Gal lat: 50.29

Constellation:  Corvus (genitive: Corvi; abbreviation: Crv)
IAU designation:  J125436.1-123347

Force Run Include Neowise data Get ZTF data

Get SED Data

SED Aladin Documentation

Radio surveys

NVSS
VLASS-1
VLASS2.2
VCSS1
TGSS ADR
RACS

IR surveys

AlIWISE
2MASS
Spitzer/IRAC134

Herschel /SPIRE250
Optical surveys

oDSS2
PanSTARRS-DR1
ZTF-DR7
MAMA
SkyMapper-DR1

UV surveys
GALEXGR6-7
X-ray surveys

Swift-XRT
XMM-PN
Chandra
RASS
Swift-BAT(14-
20keV)
MAXI-GSC

FoV: 31.87'

y-ray surveys

Fermi-LAT




designed by '@ freepik.com

SPACE
MISSION

%

Re-thinking
mission
concept



The private sector joins the effort

Why SpaceXIs A
Game Changer For NASA

Estimated cost per seat for astronauts
on selected spacecraft”

apolio 15611572 [ -0

Gemini (1961-1966) [N $117m 5’\|
Boeing Starliner - $90m A L\
Soyuz - $30m (/:'J
SpaceX Dragon 2 - $55m

* Estimations for historical spacecraft adjusted for inflation.
Soyuz estimate based on 12 seats contracted after 2017.

Sources: NASA, The Planetary Society

SLO0JO, statista %a
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From Multi-Million to (way) less than 1-Million space missions:

The CubeSat Standard
M [kg]
/’//J —
v 4 UHF deployable -
antennas 5 3 Lar e Satelllte
| -y 10 Mediugm Satellite

102 F Minisatellite

Electrical Power
System

10 I Microsatellite

1 | Nanosatellite

On Board Computer

Rotating Wheels

MagnetoTorquer

107  Picosatellite

Solar Panels

102 } Femtosatellite

S-Band Receiver

107 | Attosatellite
10 L Zeptosatellite

- Modular satellite buitt up from 10 cm x 10 cm x 11.35 cm units (1U);

- Relatively low cost to build and launch (typically << $1M);

- Strict size and weight limits (<1.3 kg/U), and very limited power budget (a few W per U)

- Little-to-no propulsion systems. o7



Qarman (3U)
studying atmosphere
re-entry 4

Y SIMBA (3U)

monitoring climate
variables

GOMX:4b (6U)
demonstrating
constellation
technologies

GOMX-3 (3U)
demonstrating new
platform
technologies

PICASSO (3U)
\/ studying the atmosphere

www.esa.int

A

. ESA’S TECHNOLOGY CUB

PRETTY (3V)
demonstrating GNSS
reflectometry

RACE (2x6U)

and docking

CUBESPEC (6U) -
stellar
spectroscopy
from space

R

RadCube (3V)
measuring space
radiation and magnetic
field

Sunstorm [ZU]
‘measuring X-Ray
fluxes

Funded in GSTP Fly

demonstrating rendezvous

" GOMX-5 (12U)

AT F

s
{-esa
M-ARGO (12U) ‘

demonstrating asteroid
rendezvous and identifying
in-situ resources

HERA CUBESATS (2x6U)
observing asteroid
deflection assessment
(GSTP/S2P)

demonstrating next
generation constellation
technologies

LUMIO & VMMO (2x12V)
measuring lunar surface impact hazards &
in-situ resources




Running total of satellites

2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

Launched nanosatellites™ versus year

2138
== Nanosats launched incl. launch failures
CubeSats launched incl. launch failures
CubeSats deployed after reaching orbit 1960
Nanosats with propulsion modules 1800 1843
CubeSats launched in total units
1560
159
2 2
9 O N 99 H X S b A DD A O NITYTDHD M H oA DA LIS A,
Q' O QO QF QF QO QO QO O O A7 Q" RQFF Q7 A" Q7 QS RQ QS Q80 97 O O &
N S Sl o S S o I S O O N N S S S ST S S e

* the category includes smaller than CubeSat platforms

29



dem

ocratic use of Space

Launched 1 W
nanosatellites ‘ » Source: nanosats.eu

650 | M Space agency 633

Il Company

600 | M Individual

I Institute

550 | I Military

[ Non-profit

500 School

University

450 Nanosats.eu (2022 June) prediction 435

USA, 1954, 53.9 %
RUSSIA, 76, 2.1 %
JAPAN, 102, 2.8 %

" INDIA, 42,1.2 %

E-N
(@}
o

Nanosatellites
w
(6]
o

I CHINA, 102, 2.8 % 300

I CANADA, 72, 2.0 % 20

I EUROPE, 930, 25.6 % TZZ

B R.of.W., 252, 6.9 % 100

I S.&C. AMERICA, 64, 1.8 % 52 TR LT

B AFRICA, 33,0.9 % \qq%@c@(}g&@&@o‘)@ob@d\@0%@0"‘WQ\QWQ\\WQ\‘L@\%@\T*@\‘J@\'O@\W ISASPNAD WQ@'LWQ@(P’L‘*@W"’(@’Lb,LQfﬂ
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The Scientific Payload of LIGHT-1: A 3U CubeSat Mission for the detection of Terrestrial
Gamma-Ray Flashes

d_\.an}U LoL;uLaa.ogdeJumc

- N INININ TN

WOrOTOBDTOTOTOTOTOTOTOTT YOO ) DO 4
"44 Pl a7 N TN TaN"a N eV "0 "4 "4 " "4 "4 "a A Ta s N » . . .'. _'_‘ W ’, _' \'('4,-
y % > - y -
X

- To survive the extreme stress of a SpaceX Falcon?/Dragon launch
- To be on time (from PDR to IN-ORBIT operations < 3y, + COVID19)

- To measure the particle rate at LEO (ISS orbit, 51.6° )
- To study TGFs at sub-micresecond timescale

§.'2.3; <
Be

e P
\V\FtPtptP($<
S PP el PR E

P

- To measure the activity in the South Atlantic Anomaly region
- To space-qualify the technology and prove the detection concept

v
e
&
a

>
£

”
-

7

450

I —— Apogee —— Perigee —--—- |SS Altitude
Mission timeline
350 -

Altitude [km]
w
o
o

250 F
200 - — - — — — — — — — — — — — [
L Oboard LEOP Payload
- the ISS Phase Comissioning LIGHT-1 Science Run Deorbit
2022-01 2022-03 2022-05 2022.07 _ 2022-09  2022-11 202301
Date
wLbgliclygigrid cola 4 = & 4. NSSA

NYU | ABU DHABI Khalifa University S .



1969 -1972

Vela 5A/B and 6A/B

1991 -2000

BATSE-CGRO

2007 - present

AGILE
2008 - present

FERMI
2018 - present

ASIM
2020 - 2020

TARANIS

Discovering TGFs

Detection of 16 GRBs

Detection of 2704 GRBs + a handful of high energetic short burst

from ground (TGFs ?)

Detection of TGFs

Detection of TGFs

Optimised to detect TGFs

VEGA 17 launch failure

Counts / 0.2 ms

Energy (MeV)

[ T T T T T T T T T ' ¥ t ¥ A A A A B A —]

10— contact 16535 g

gl 2010-07-07 17:01:16 UT e

— TT 205606876.124647 -]

13 AGILE -

41— -

2(— —

EI_I 1111111111 1 1 1 1 I_:
%.006 0.004 0.002 Time-?o (s) 0.002 0.004 0.006

| L)

10° £ s 5 =

10 = T =

- I * 3

= Rt * =

— Lk : * =

[ * D% B

10-0100 1 1 1 6041 1 1 6021 1 1 i *f L 1 21 L L 1 41 L L

-0.006 0. -0. Timepl'o (s) 0.00 0.00 0.006
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The Science of a TERRESTRIAL GAMMA RAY FLASH

Varying Energy from 10 keV up to severali’z%f‘

tens of MeV -;_,pr

Fast events (hundreds of ps)

Little is known ahout the structure of TGFs

Fast electrons — lose energy in form of
gamma rays in the atmosphere

World's most powerful natural particle
accelerators




Terrestrial Gamma-Ray Flashes (TGF): an introduction

N AFSEAEREARS [ RO OFP BRCS T C S

Credit: NASA
34
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How to detect gamma-rays

Gamma

|

Housing
diameter

High
Scintillating

Material

Scintillation ‘

Light

Photosensor —

Pulse

Electrical ‘

Electronics

Housing
Length

36




LIGHT-1 Payload: Design Characteristics

Detection Energy Range ~ 20 keV - 3 MeV
Time resolution ~ 100 ns
Absolute Timing <hys
Spectral Resolution 137 @ 20 keV, < 5/@ 511 keV
Effective Area 40 cm? @ 30 keV, 20 cm2@ 511 keV
PMT Payload Size (Fits in 1U) 74 x 74 x 86 mm
SIPM Payload Size (Fits in 0.75U) 74 x 74 x 68 mm
PMT Payload Weight 1,085 g
SIPM Payload Weight 966 g
Power Consumption < 3.9 Waverage
Data Budget 20 MB/day

Operational Temperature Range

Between -30° C to 55° C

Survival Temperature range

Between -40° C to 60° C

37



LIGHT-1 Satellite

SIPMIMPPC  Magneto On Board PMT payload
payload Torquer Computer

@000000000000000009.@'
SIS, T - _

) : Electrical
5-Band Rotating I UHF deployable

Receiver wheels Power System T Y

38



3D model of the LIGHT-1 payload

39



The LIGHT-1 VETO to reject charged particle induced events

PLASTIC SCINTILLATOR TILE

SILICON

WAVELENGTH SHIFTER FIBERS PHOTOMULTIPLIERS

VETO
ELECTRONICS

PLASTIC SCINTILLATOR TILES

40



The LIGHT-1 payload concept

8 VETO SCINTILATORS

Plastic Scintillators
Surrounding the Crystals

4 SCINTILLATING CRYSTALS

Cerium Bromide

READOUT ELECTRONICS Lanthanum BromoChloride

Custom Power Supply
Charge Pre-Amplifier

L
‘
.

-

\
3

=

=

SHIFTER FIBER

OPTICAL SEPERATOR

Wavelength Shifter Fiber for

4 PHOTOSENSORS Prevents Optical Each VETO Scintillator
Multipixel Photon Counters Crosstalk
Photomultiplier Tubes
VETO SIPM
QUARTZ WINDOW Silicon Photomultiplier for VETO

Coupling Between Crystals

And Photosensors 41



PmX|m|ty Electromcs (Power Supply)

Q» 800000
3
&%‘3% i
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g
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S
£
.
-

O
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‘TPZ'

i - l 8y '!| )
i ll HWcmc
3 J
[‘J—] .TPZS P21 [B[ ? - TPll ga-qu

@?9099¢eao

E’ 19vZ 13

Main Characteristics:
- Operation and Readout of 4 photosensors (each) + VETO SiPMs (8)
- Based on C.0.1.S. (Components off-the-shelf);

- Detector Voltage Biasing (PMT/SiPM and VETO). PMT: -600 V to -750 V; SiPM: 25 V to 62 V; VET0: 25 Vto 38 V;

- Voltage Inputs: +3.3V.-3.3V, +5V;
- Weight: 27 g (SiPM) - 35 g (PMT)

42



Proximity Electronics (CTRL & FE board)

Payload operations;
Signal conditioning;

nn
g[:v—ﬁa-;nnu

[N SR TP
NyulaBuU DHABL

oo

d_OulAs dno\n
Khalifa University
®cw 2° 4

Signal Charge extraction (ADC+FPGA);
CubeSat Software Protocol (CSP) compliant ;

Event huilder:
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Time stamping;
Preprocessing and data priority assignment:
Temperature monitoring:
Voltage Input: +3.3 V;

Weight: 27 g.
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The photosensor Arrays
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The PMT payload (Inner View)

Controller Electronics

Power Supply
Electronics

S0-E102
2502va: 'ON
002-G82 1 1Y : IdAL
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Pre- Fllght Setup LIGHT—1 fmal touches
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Highlights from LIGHT-1: Experiencing the thrilling of a launch
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Highlights from LIGHT-1 (work in progress)
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LIGHT-1 path VS thunderstorm location
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In conclusion

-The Space Sector is continuously expanding, even though it
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