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cCAPP Astroparticle ?

e Started with the first detection of
radiation coming from sky in 1913 by
Viktor Hess, leading to the cosmic ray
discovery :

* First proof of a new messenger than 7%
light to understand the cosmos ,'

* Fairly used for particle physics in the _
30-50s before better controlled o
accelerator took over

* Vast field today, covering various
experiments, type of messenger and
topics (astrophysics, cosmology,
particle physics, geology,
archeology...)
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cUAPP

Cosmic ray characteristics

Cosmic Ray Spectra of Various Experiments

Flux (m? sr GeV sec)”

LEAP - satellite

Proton - satellite

Yakustk - ground array
Haverah Park - ground array
Akeno - ground array

AGASA - ground array

Fly's Eye - air fluorescence
HiRes1 mono - air fluorescence
HiRes2 mono - air fluorescence

HiRes Stereo - air fluorescence

Auger - hybrid

10

(1 panicle/km centuaﬁ—%

III lll |IIII

10° 10" 10" 10" 10" 10" 10" 10" 10" 10"’ 10" 10%°
Energy (eV)

%

High energetic particles coming
from space

Power law spectra :

Extended in 12 decades in
energy

. E<3PeV:index 2.7

. 3 PeV <E <300 PeV :index 3.1
. 300 PeV <E <~EeV :index 3.3
. E>~EeV:index 2.7

Energy between knee and ankle
trusted to be the transition
between galactic and
extra-galactic cosmic rays
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CUAPP

Detection methods

. Direct detection:

. Only possible in space (atmosphere opaque to CRs)
. Power law spectra — need detector surface for statistics — limited in space

Indirect detection :

. Multiple messenger to
measure the air shower
. Air Cherenkov light

(blue, UV)

. Radio
. Charged Particles
. Fluorescence (UV)

Measuring cosmic—ray and gamma-ray air showers

~<+— First interaction (usually several 10 km high)

<3+ Air shower (particle cascade) evolves

¢ Measurement of
Somelo the . fluorescence light
Measurement of Cherenkov particles feach (Fly’s Eye)

light with telescopes the ground

\
¥

B
Non-imaging /

GE T -/
scintillation counters or with Sl 3 % ")
water Cherenkov counters T /]\/I\ )

[=——] ) ha

Measurement of radio waves

Measurement of particles with

Cherenkoy counters Measurement with Low—energy S tdes
Geiger—Miiller shallow shielding
Measurement of particle tracks counters

High—energy muons deep underground

with Cosmic Ray Tracking counters (under ground, water, or ice)
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UAPP Detection methods

. Direct detection:

. Only possible in space (atmosphere opaque to CRs)

. Power law spectrg ics — limited in space

ma-—ray air showers

. Indirect detection :
. Multiple messeng
measure the air shq
. Air Cherenkov |
(blue, UV)
. Radio (Fly's Eye
rement of particles with

. Charged Particl lz
. Fluorescence ( i counrs o w1 TTT S
eren oy counters LA | ‘) )

sually several 10 km high)

particle cascade) evolves

ry aanue Measurement of radio waves
Cherenkov counters Measurement with Low—energy muons dles
Geiger—Miiller shallow shielding
Measurement of particle tracks counters

High—energy muons deep underground

with Cosmic Ray Tracking counters (under ground, water, or ice)
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CAPP Detection methods

~naque tc / '

£ olimited in space

Esserml
Gamma-ray

@/ Space Telescope showers
20 MeV - 300 GeV

i

. Indirect detection : &

. Multiple messeng
measure the air shq
. Air Cherenkov |

(blue, UV)

. Radio
. Charged Particl
. Fluorescence (

sually several 10 km high)

Measurement of
fluorescence light
(Fly’s Eye)

Low—energy muons under
shallow shielding

Measurement with
Geiger—Miiller
Measurement of particle tracks counters

with Cosmic Ray Tracking counters

Cherenkov counters

High—energy muons deep underground
(under ground, water, or ice)
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CAPP Detection methods

Diect detection :

3
_ By
Indirect dete ' B

. .

Multiple m ~73

/ /A

measure 7 S

. Air Chery el

(blue, U //-h L : ‘ = B ]t;/Ie'.xsu‘rementl.oflt

. RadiO i L\ | A — Y (Fly’s Eye) ;
. Charged™=&g a: §N SR o 37

. Fluoresoyagires

L\ -

, TaX | i
d | el d v

’/’ # ol = )”:@
‘g 0.5GeV -~1TeV

g e

JRIC 2023, 25/10/2023 Sami Caroff 7



cUAPP Detection methods
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CAPP Detection methods
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c UAPP Detection methods

. Dﬁ t detection :

PREFOVU
¢ Platform for Research on Emissions of

Fermions Originating from the Universe

3 . - ~co -
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CAPP Detection methods

. Dﬁ t detection :

Cld

cherenkov telescope arra

= 20 GeV to 300 TeV
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Detection methods
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Detection methods
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CAPP Detection methods

Loma Amarilla
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Cosmic messengers - charged cosmic rays

e Diffusive motion due to galactic
turbulent magnetic field

cf Thibault NGUYEN TRUNG
lonisation of a single
nanoparticle by heavy Cosmic
Ray
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cUAPP Galactic cosmic rays characteristics
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. Composition :
. Mainly protons (90%) and Helium (9%), heavier nuclei and electrons (1%) —
dominated by matter (anti-matter < 0.1%)
. Similar nucleus abundance than the solar system (taking into account spallation of
nucleus)
. Compatible with the idea of acceleration of interstellar medium
. All this made supernova remnants as very plausible accelerators for galactic cosmic
rays
. Supernovae remnant provides shock waves where Fermi acceleration of interstellar
medium is plausible
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UHECR Cosmic rays ?
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cUAPP

UHECR dipole

6.9 o dipole above
8 EeV with Auger

G. Golup 252

Dipole =2

direction
~113° away
from the GC

Equatorial coordinates, smoothed by a top-hat window of 45°.
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Cosmic neutral messengers

While cosmic rays allow (mostly) to
only study their flux versus energy...
... Neutral messenger can provide
. -’ﬁdi_rect imaging of acceleration sites
:gﬁ'gapma rays, gravitational waves,
ne "»'finos...)

JRIC 2023, 25/10/2023 Sami Caroff




CUAPP Neutral messenger : Gamma rays

. View of the Galactic
plane for TeV
gamma-rays by

H.E.S.S. (~TeV)
DT B A a AT S - @ . Gamma ray
production through
IC, neutral pion

0 40 320 decay

s ? . Direct image of
accelerator of
charged particles

in Milky way

QEW \\\ \\\“' RS

JRIC 2023, 25/10/2023 Sami Caroff 20



c UAPP Supernova remnants as main CR accelerator

_ Radio
Infrared, optical, X rays . B x .
o IR |nfrared and optical :

hot gaz and dust

4 . XRays:
Bremsstrahlung
Radio : Synchrotron

DECLINATION (B1950)

Tycho .
Brahe radiation
SNR Gamma rays : Inverse

Compton scattering
and/or neutral pion
decay

Correlation of presence of shock

wave and highly energetic

particles

Open questions :

. Able to accelerate up to PeV ?
Dominance of leptonic or
hadronic ?

RXJ0852.0-4622

.0 CfMarie-Sophie talk, Study of the PeVatron
candidate SNR G106.3+2.7 observed at Large
— OBRSOM A (hourm™™  Zenith Angle with LST-1 and MAGIC

X rays, gamma rays
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c UAPP Supernova remnants as main CR accelerator

_ Radio
Infrared, optical, X rays . 7 - ,
o RS |nfrared and optical :
hot gaz and dust
4 . XRays:

Bremsstrahlung
Radio : Synchrotron

DECLINATION (B1950)

Tycho .
Brahe radiation
SNR Gamma rays : Inverse

Compton scattering
and/or neutral pion
decay

Correlation of presence of shock
wave and highly energetic
particles
Open questions :
Able to accelerate up to PeV ?
Dominance of leptonic or
hadronic ?

RXJ0852.0-4622

.0 CfMarie-Sophie talk, Study of the PeVatron
candidate SNR G106.3+2.7 observed at Large
- 0BRSOM s (hosrmy®™  Zenith Angle with LST-1 and MAGIC

X rays, gamma rays
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cCAPP Supernova remnants

Decsnation
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CUAPP

Supernova remnants

Sl H.E.S.S. (2016) RX J0852.0-4622
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c UAPP Active Galactic Nuclei - Blazars

Jet of high-speed
particles

Magnetic field

lines "; 50 — l ! f T I —
E = ]
o I~ -
2 40 — —
o B i =2
= C T ]
s 3 o T =
\ o - I Wy [ 7]
lx C J Y ]
% [ p | sl
= 20 3 , \ ’ Pl _
—U [ =
10— A e
o R T i SR TR I T -
40 60 80 100 120
Time [min]

e Accreting matter in a central black hole, ionised rotating matter creating a rotating magnetic field

e Ultra relativistic jet of charged particles -> shock wave in the jet -> boosted emission by relativistic
beaming

e Called “Blazar” in case the observer is in the jet

e Fast variability observed in the jet, due to the compactness of the acceleration region (near black
hole environment)

e cf Guillaume Grolleron contribution : Investigating AGN Variability with the Cherenkov Telescope
Array and nectarCAM
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CUAPP

Active Galactic Nuclei - Blazars

Radio galaxy
<
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cUAPP Blazars - Propagation effects

"
/ . e Extragalactic Background light
“«— IR/Optical EBL absorption
AGN N Earth
- —_— ® Positrons or electrons can be
produced and reemit
/ e’ \uo gamma-rays (echo)
'\u
[ i ILPETAL B ® intergalactic Magnetic fields can
AGN " Earth . )
e ! impact positrons and electrons
~— trajectory (extended echo)
e Hypothetical oscillation between
— y At axion-like particle and gamma
L M ———— W"‘f - olee rays due to magnetic field
Proceip e = g“(eé’ffx ¥ > (absorption)
Biource Biome e Lorentz Invariance Violation at
- Planck Scale (E~10719GeV),,
) N"M\ delay between high and low

i energy gamma rays

AGH ) — LIV — | eanh cf Cyann Plard contribution : Lorentz

— 3 invariance violation search with the Cherenkov
o Telescope Array Observatory Large-Sized
Telescope
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Gravitational waves

Space time perturbation linked to the
rotation of dense and asymmetric
objects

BH-BH mergers, BH-NS, NS-NS

Similar engine than AGN, Black hole
surrounded by accreting matter -> jet ->
particle acceleration -> EM couterpart
Should be associated with other
messengers (neutrinos, UHECR ?), not
detected so far

X-rays,

Neutron stars visible

light, Gamma rays, 50 to 300 keV. GRB 170817A
Jet collides with radio

ambient medium waves C = 500
(external shock wave) Ferml ]
Reported 16 seconds sy R

e Gamma rays— after detection o
Blobs collide
si (internal —
‘ caz bl‘mef shock wave) a
bl 1P aster Al .
Black hole 488 . LIGO-Virgo

Disk blob

Reported 27 minutes after detection Gravitational-wave strain GW170817

B T
P N s
Central .
engine g
- ¢ 7\ SRR s S
3 R . RO o= 2

=

Preburst e seconds)
INTEGRAL Gamma rays, 100 keV and higher GRB 170817A

Reported 66 minutes
after detection

Gamma-ray
emission

Massive

Afterglow
star 9

Hypernova scenario
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Coherent observation of lack of visible matter at galactic, galactic cluster and cosmological scale
No standard model candidate can explain these observations
Leads to postulate the existence of a matter

©)
©)
©)

Dark (feeble cross section, and no electric charge)

Stable (at least stable enough to remain until today)
Cold (at least cold enough to explain large scale structure)
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cUAPP

Dark matter detection

Direct Detection

\/

Collider

| >

SM DM

SM DM

& |

Indirect Detection

Indirect detection

., } Gamma-rays
v //'

% W zZ/q
WIMP Dark - Vo
Matter Particles i i
Ecm~100GeV g o
X W*/Z/g e\
n Neutrinos
Vu
A\
W\ VuVe
e/
+afew plp, d/id
Anti-matter

No clear detection yet with indirect detection so

far...
Many probes, but difficult to distinguish from

standard astrophysical scenario
Direct detection provide a more controlled way to

detect those particles
But far to be straightforward due to the low cross

section + CR background
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c CAPP Axions Versus WIMP

Frequency [MHz]
10° 10*

10 10 Neutron Stars

ORGAN
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106 10-° 10
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E range : 107-12-0.01 eV

Conversion of Axion to light with B-field

cf Vijay Dabhi contribution : Direct detection of Axion
dark matter with MADMAX

SI dark matter-nucleon cross section [cm?]

10—‘42 T nWriTT I‘l T T Illllll T T Illllll T T 11 I”i T ll],/’lll’

Currently excluded

10 44

1046

]n»bl) 1 L L1 ll 1 1 lllllll‘, 1 1 Illllll 1 0 e | llll 1 Al i1l .
- 108 10! 102 103 10% 10°
Dark matter mass [GeV/c?]

E range : 1 GeV - 100 TeV
Search for collisions in deep underground
laboratory to isolate from CRs

cf Yongyu PAN contribution : Search for WIMPs and
light DM with XENONNT experiment
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c CAPP Conclusions ?

Charged Cosmic rays :
o loss of directionnality + propagation effect, difficult to probe the sources
o Influenced by solar and terrestrial magnetic field at low E
o  But direct probe of galactic accelerators
UHE Cosmic rays :
o less loss of directionnality, can directly probe extragalactic acceleration sources
O  But low statistics...
Gamma-ray :
o Indirect manifestation of CR acceleration in source
o  But depend on ambient medium (B field, matter density, photon field)
o difficult to retrieve initial particle population due to that
Neutrinos :
o indirect but can complement gamma ray analysis
o  butlow stat...
o  But first “detection” of sources (hints for galactic emission and AGNs)
GW :
o  Produce by the merger before the collapse so can be used to trigger other observation !
Dark Matter :
o Huge range of energy and candidate... but more and more narrowed by very various
experiment
o  We really need to detect it, good luck guys
Multi-messenger is the way for the next decades, and start to really became real :
o GW + gamma already done, more event please !
o  Some hints for Neutrinos + gamma and CR + gamma
o It will probably need the next generation of detectors
o You will take care of that, we need you
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Cnanclhiicinne ?

j——

JOINTHE
REFOU

REVOLUTION!
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cUAPP

Session : everyone

14:00

15:00

[

o)
(o= ]
(o]

17:00

Session overview Dr Sami Caroft
14:00 - 14:30
Direct detection of Axion dark matter with MADMAX Vijay Dabhi
14:30 - 15:00
Lorentz invariance violation search with the Cherenkov Telescope Array Observatory Large-Sized Telescope Cyann Plard

15:00 - 15:30

Investigating AGN Variability with the Cherenkov Telescope Array and nectarCAM M. Guillaume Grolleron

15:30 - 16:00

Calibration and data reconstruction for the Virgo interferometer : how to compute the data reconstruction uncertainty
Cervane GRIMAUD

lonisation of a single nanoparticle by heavy Cosmic Ray Thibault NGUYEN TRUNG

17:00 - 17:30

Search for WIMPs and light DM with XENONNT experiment Mile Yongyu PAN

17:30 - 18:00
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cUAPP

Session : and Marie-Sophie...

[

4:00

10.NnN

Session overview Dr Sami Caroft

14:00 - 14:30

Direct detection of Axion dark matter with MADMAX Vijay Dabhi

14:30 - 15:00

Lorentz invariance violation search with the Cherenkov Telescope Array Observatory Large-Sized Telescope Cyann Plard
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Study of the PeVatron candidate SNR G106.3+2.7 observed at Large Zenith Angle with LST-1 and MAGIC
Marie-Sophie Carrasco

Calibration and data reconstruction for the Virgo interferometer : how to compute the data reconstruction uncertainty
Cervane GRIMAUD

lonisation of a single nanoparticle by heavy Cosmic Ray Thibault NGUYEN TRUNG

17:00 - 17:30

Search for WIMPs and light DM with XENONNT experiment Mie Yongyu PAN

17:30 - 18:00
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CUAPP

A last DALL-E 3 weird image
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