Astrofizyka czgstek

prof. dr hab. A.F.Zarnecki
Zaktad Czastek i Oddziatywan Fundamentalnych IFD

Wyktad 1X

* anizotropia UHECR
» projekt JEM-EUSO

» radiodetekcja pekow atmosferycznych


Filip
Wiersz

Filip
Wiersz




Filip
Owal


o JVSESIIRNCERN Latin American School 2009, Lecture 1: Cosmic rays
UHECR propagation in Milky Way

v Deflection angle ~ 1-2 degrees at 10%%eV for protons
Astronomy by hadronic particles?



1016-1018 eV:
Areas = 10% m?
Spacing = 150 m
Alt.: moderate high
OR Radio detector

TIBET AS-GAMMA

ARGO

EAS-TOP

KASCADE
ICE-TOP

TUNKA HIRES

1011-1013 eV:

Areas = 10* m?
Spacing: full coverage
Altitude: very high

OR Cherenkov detectors

1014-10% eV:
Areas = 10° m?
Spacing: = 50 m

Altitude: high

AUGER



(Northern sky)

(Southern sky)

Relative intensity skymap in equatorial coordinates

Abbasi et al., ApJ, 718,L194,2010
arxiv/1005.2960

from Marcos Santander ICRC 2013




Higher Energies: Ice Top
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® At 400 TeV consistent with lceCube

® Amplitude increases with energy
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UHECR: Correlations with AGN

* Clear prescription established by Auger
- Energy > 55 EeV

- Veron-Cetty & Veron Catalog (2006) of AGN < 75 Mpc
- 3.1° radius circle
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2MASS Galaxy Redshift Survey

Auger VCV Events
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Current Status: Auger

* From 2011 ICRC
e Current situation ~unchanged (now have |10 events)
- Correlating fraction now at 32% (21% is isotropy)

and still ~2.8 O
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Phase vs Amplitude
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Phase vs Amplitude : Detection Power

Test on the phase for N, bins
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Phase of the First Harmonic



Sidonte (729, ANISOTROPY I
- g;‘j;(ﬁf;@ Large scale first harmonic analyses

Revenu (1206)

Data.up to December 2010 New data Prescription status
(April 2011) Prescription set
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Auger Phase results
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0.03%
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Deligny (679),

e Ameida (765), ANISOTROPY II

Salesa Greus (1125), . .
Revenu (1206) Large scale first harmonic analyses

Data up to December 31st 2012
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14 telescopes

TA detector in Utah

39.3°N, 112.9°W
~1400 m a.s.l.

Refurbished HiRes

Middle Drum
(MD)

<
m

'

Long
Ridge
(LR)

12 telescopes

3 com. towers

Surface Detector (SD)

507 plastic scintillator SDs
1.2 km spacing

\

700 km?2

Fluorescence Detector(FD)

3 stations

38 telescopes

Black Rock Mesa (BR)




5 year TA SD spectrum

TA data

May, 2008 — May, 20013
Zenith angle < 45°
14787 ev. (E > 10182 eV)
Exposure 4500 km? sr yr

Broken power law fit

Y, = -3.283+0.032

E, .. = (5.04:0.27)x10" eV
Y, = -2.685:0.030

E., = (5.68+1.05)x10" eV
Y, =-4.62: 0.74
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Significance of suppression
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KS p-values:

2130 events with E > 10 EeV
Coords right ascension declination

Equatorial:
Supergalactic:

132 events with E > 40 EeV
Coords right ascension declination

Equatorial:
Supergalactic:

52 events with E > 57 EeV
Coords right ascension declination

Equatorial: 0.015

Supergalactic:

TA ANISOTROPY
SUMMARY

TA detector
Data

Global
distributions

Clustering and
autocorrelations

Search for point
sources

Correlation with
LSS

Low energies
E ~EeV

Conclusions



P. Tinyakov, oral, 1033

Correlations with AGN

e 472 AGN from 2006 Veron catalog with z< 0.018
e E>57 EeV, zenith angle < 45°, N =42 (5 yr)
e Separation angle = 3.1°
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AGN Correlation: TA

Applied Auger criteria
Different sample of AGN (northern hemisphere)
|7 of 42 events correlate

Probability 1.4%

20




P. Tinyakov, oral, 1033

Correlations with LSS
E>10EeV: 2130 ev. E>A40 EeV: 132 ev.

E>57 EeV:

52 ev.

White dots: TA data with zenith angle < 55°

Gray patterns:
expected flux density from proton LSS
2MASS Galaxy Redshift catalog (XSCz)



Correlations with LSS
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Super galactic coordinates

/

KS p-value = 0.06 KS p-value = 0.003



Full-Sky Map >10 EeV
(60° smoothing)

Nta~1800

(~5200 kmzsr yr)

In the
overlap :

N
X’ Q\&$>g\ Nra~650
\/ Nauger~3400

NAuger~1®9®®

2
(~32000 km sr yr)
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Full-Sky Map >10 EeV
(30° smoothing)

Nta~1800

(~5200 kmzsr yr)

In the
overlap :

N
X’ Q\&$>g\ Nra~650
\/ Nauger~3400

NAuger~1®9®®

2
(~32000 km sr yr)
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Specific focus of JEM-EUSO

= Part of a global effort to understand the UHE universe

- Complementary to ground-based UHECR observatories

- Complementary to gamma-ray, neutrino and non-thermal astronomy
- In coordination with the global study of cosmic rays, particle acceleration
in astrophysical environments and the modeling of high-energy sources

= Main focus of JEM-EUSO: the extreme energies!

=)» (Gather as much information as possible about EECRs

=) Establish the first consistent, high-sensitivity, 4n-steradian map
of the UHECR sky

=)» Discover and study the first sources of UHECRSs
=) Explore the UHE universe with unprecedented power

= New, innovative answer to the problem of very low fluxes

- instead of building larger arrays, with more and more detectors, go to
space and look down to cover a huge area with a single instrument

40y 29 2013 ICRC 2013 — JEM-EUSO'’s Scientific Objectives E. Parizot (APC, Pari
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- J \,aganeser' Experiment Modu Ietjg;
- (JEM) -
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Candidate p05|t|on
for JEM EUSO

JEM Pressurized Module
(JEM-PM)

JEM Exposure Facility
(JEM-EF)































































RADIATION FROM SHOWER DEVELOPMENT

Cherenkov radiation: Electrons and positrons
in the shower travel faster than the speed of light
in air and emit Cherenkov radiation, mostly in the

UV fluorescent forward direction

photons
Isotropic emission

Radio emission:Air shower electrons and
positrons are deflected in the Earth’s magnetic
field. Because of their relativistic velocities, they
emit synchrotron radiation, beamed very sharply
downwards, at radio frequencies below 100 MHz.

Many sparkles together produce a bright radio
flash



















Particle detectors on ground
only measure a small fraction
of electrons produced

Height of cosmic ray
interaction depends on energy

Energy calibration 1s greatly
improved by additional
information (e.g., Cerenkov)

Radio could
Observe 24hrs/day

See shower maximum and
possibly evolution of shower

Coherent emission reveals shape

indined 100 EeV air shower
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Radio measurements are usually
triggered by particle detectors













































GHz R&D AT THE PIERRE AUGER OBSERVATORY
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LOFAR key science prOject Cosmlc Rays. ,,
Stijn Buitink, Arthur Corstanje, J. Emilio En |
Jorg R. Horandel, Maria Krause, Anna Maiie-
Olaf Scholten, Sander ter Veen, Mar’ n vai

“\“..

Jorg R. Horandel, Radboud University Nijmegen, The Netherlands http://particle.astro.ru.nl










LOFAR Radboud Air Shower Array - LORA

V.

120-240 MHz




























best fit out of 40 simulations

ID 81409140

zenith 26 deg
2 279 antennas

2/ ndf = 1.3
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