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What are Ultra High Energy Cosmic Rays (UHECR) ?

UHECR are nuclel which are
accelerated up to 10%' eV

Nuclel reaches the earth

Hadronic shower

Three main observables:

— Arrival directions

— Energy

— X_ . Depth of maximum shower

(characteristic length of the shower, linked

to the mass)
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http://www.youtube.com/watch?v=xchtgvzzc5M

The Pierre Auger Observatory

Two detectors: 3000 km2 30 times Paris

— Telescopes measures X
max,

0es TTIEAS Waiting for particles
energy, arrival directions

The Pierre Auger Observatory combines two independeht ways of detecting cosmic rays
— Surface detectors measures ' '

the eﬂerqq dﬂd the @rriV@l -A 1 When they reach the Earth, cosmic
directions

. rays collide with nitrogen in the upper

atmosphere to produce a particle shower

The particles argad’sb
recorded whef they
reac_t,wifﬁ the water
_inthe tanks of the

“" surface detectors

g e .W

The collision
between the
particles produces

a faint blue light, 4

captured by the A central computer gathers the
fluorescence data from the telescopes and
telescopes surface detectors to identify the

possible origin of the cosmic rays

SOURCE: PIERRE AU




Arrival directions: An extragalactic origin ? (2017)

Evidence of Measured flux for events above 8 EeV
extragalactic origins

_ _ MRS dipole
At E> 8 EeV, a dipale is

observed at more than the
5.20 level of significance

The cosmic ray dipole

points 55° away from the 180
MRS dipole

Definition rigidity; B _al

R=E/Z i
/ Measured dipole
-90
with
E, the energy Galactic magnetic field
Z, the charge effect for

R=2EeV&R=5EeV

0.46

0.38


https://arxiv.org/abs/1709.07321

Arrival directions: An indication of the hosts galaxies ? (2018)

Observed Excess Map - E > 39 EeV

- 50

Comparing flux patterns “

ldea: Compare the measured flux with the sky-map of extragalactic
gamma-ray sources!.

# events per beam
s

Here: sky-map of starburst galaxies (SBG) compare to observed 20

Starburst galaxies = High Star Formation rate

4.00 level of significance

50 ap

Model: N
q)model =a q)isotropq * [1-0'] (I)SBG 20

Two free parameters:
a, the isotropy fraction P Beam size

Beam size 20 — . > Nr401
e

# events per beam
s


https://arxiv.org/abs/1801.06160

Goal: Get an idea of the
composition of observed
Cosmic rays

Method: for a given range

Study the composition

Xmax histograms are fitted using 4
representatives masses: H, He, CNO, Fe

Stot (Xmax) — Z fA gA (Xmax>
A

18.80 < log, (E/eV) < 18.90

gtot (Xmax)
fHe ZHe (X max)

In enerqy,

Xmax histogram is

reconstructed .
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Fluxes of Cosmic Rays

4 < (1particle per m*second)

3

i Knee
%, (1 particle per m*year)
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spectral index + O, + Oy
A 3.29 £0.02 £0.10

Y= 2.51 £0.03 +0.05

A 3.05 £0.05 £ 0.10
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https://arxiv.org/abs/2008.06486

An astrophysical model to describe the composition & the energy spectrum

Goal: Describe the Xmax data and the
energy spectrum with a model

Combined Fit:

— Assuming a 1D distribution

of sources of UHECR.

— Inject representative masses

at the sources. (H, He, CNO, Si, Fe)
given a production rate Qyen

— Propagate nuclei through cosmic
microwave and infrared backgrounds
— Compare the propagated

nuclel with the spectrum and

the Xmax distribution.

Parameters:
— f,, fraction of injected elements

— Two parameters for e
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J(E) x E? [k

10”7

spectral index + O, + Oy
=329 £0.02 £0.10

Y =2.51 £0.03 £0.05
,=3.05 £ 0.05 +0.10
f,=51£03 £0.1
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Reason:

The energy and the composition gives an
Information about the distance of the
sources
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https://arxiv.org/abs/1801.06160
https://arxiv.org/abs/astro-ph/0605327
https://arxiv.org/abs/2008.06486

The next step

Goal: Have an astrophysical model > 2 :
which describes the three P
observables. 5
. i spectral index + 0, + Oy
ldea: Implement anisotropy 2 105 1,=3:29 £0.02 £0.10
studies in the Combined Fit x| hradiuemees }
) i :/3="~.1-i03; iy Observed Excess Map - E > 39 EeV
S [ y-s1zeazo
D — 3D TS TS ™
E [eV] 40
: 18.80 < log_(E/eV) < 18.90 E®
Hypothesis: Source follows the i =00 =Y il
Star formation Rate computed - § W
. . 100 2
from 400,000 galaxies within 350 '’ 5 Ro
5 0
MpC 80— * |-10
- -20
60
40F
20~
oL -

500 600 700 800 900 1000 1 100
X, [g/cm?]



Conclusion

The anisotropies studies makes us think, we are near discovering the host of UHECR sources.

Having a astrophysical model which can describes the three observables could constrain the

sources in an unprecedented way.

Vous voulez en savoir plus sur I'expérience ?
Allez voir ma vidéo ;)

e @@[ﬂﬁﬁ@ﬂ@ les G@U@@@@[ﬂ@@ Je controle les télescopes du plus grand observatoire a rayons cosmiques au
dulnlusfuranufonsenvatoine] ~o"%' .. ..

Sgavonsicosminuesyl o

eg“ s Je suis doctorant en astrophysique des hautes énergies. Dans cette vidéo, je vous embarque avec moi en Argentine dans
A ! - J .
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https://www.youtube.com/watch?v=Cg7MfTiIc8o

