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Cosmic ray sources

Energies and rates of the cosmic-ray particles

- Ultra-high energy particle accelerators —
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- Supernova remnants: diffusive shock acceleration
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Cosmic ray detection \ {

Imaging Atmospheric Cherenkov
Technique (IACT)
- MAGIC, HESS, VERITAS

'Aq Hinton JA, Hofmann W. 2009.
Annu. Rev. Astron. Astrophys. 47:523-65



Large-size
telescope
20 - 150 GeV

150 GeV - 5 TeV

l Small-size
telescope

5 - 300 TeV
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MST and SCT optics

Effective FOV

Number of
pixels

Cross—sectional plane X [m]
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Alpha and Alpha-V2 configurations
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Declination (J2000)
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To simulate gamma-ray events
from the Galactic Centre using
three different arrays:

- 14 MSTs

- 14 MSTs + 11 SCTs

- 25 MSTs
and show how the SCTs improve
the image.

Mosaic of twenty pointings from the South
African MeerKAT radio telescope



Conversion

Equation from Aharonian et. al describes gamma-ray flux as dependent on an A factor:
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Finding N

- Hydrogen line (21 cm line)
- N =8 x 10°° (total)
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Equation from Westmeier 2023
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Fmdmg Ecr/ V Assuming uniform cosmic ray flux:
- Gamma rays detected are 1 TeV (MST

range)
Akeno .
prolgns only MSU - - Cosmic rays only transfer ~10% energy
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Energies and rates of the cosmic-ray particles

Flux of cosmic rays with 10° GeV = 102
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Simulation
setup

Ctools: gamma ray event
simulation software
Using calculated A value
for prefactor

10-hour pointing with
three different
arrangements of
telescopes

SCT provides better
resolution of morphology
surrounding Sagittarius A*

.-.Have to mask MeerKAT radlo data
Sagittarius A*

14 MSTs + 11 SCTs
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14 MSTs + 11 SCTs “ -, - ¥




Simulation setup pt. 2

e Still using A as normalization for
power law spectrum but masked
Sagittarius A*

e 20 hour pointing instead of 10 hour
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~“Masked MeerKAT data"
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Mouse (Mice?)
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MSTs + 11-SCTs—
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Sagittarius C, Christmas Tree
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14 MSTs

SNR 359.1-0.5
Upper half of SNR 359.0-0.9
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Further investigation

3 ".) (‘ . - Simulate events from upper
L S | SNRs

s o101, - i - [Incorporate 'local' SNR flux

. g Y - Apply Gaussian scaling

proportional to distance
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Conclusion

11 SCTs greatly improve CTAO's

ability to image the Galactic

Centre 1 - 1 particle/m?/second
- High-density of sources

High-energy physics implications %G
- Acceleration mechanisms &
- Ankle, knee 5. -
Astronomy implications i 1 particle/m’iyear
- Most detailed gamma-ray
:\rlne?/gvgzc())lj r(c?gs PeVatron ; ks
confirmations " Energyev)
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E = 300 MeV

F\(> E) = fo x 10-1° <T‘rb_v | fa=0.9,1.43,and 0.19 for a = 2.1,

2.2, 2.3 respectively

Esn = SNR's total explosion energy

A=9( Esn ) ( d )‘2( n ) 0 = fraction of EsN converted to CR
10%Terg / \ 1kpc energy (typical values 0.1 - 0.2)

d = distance to SNR

n = column density (volume)

o ) N1 =-column density (area)
N =~ (2.33 x 10°)(1 + 2)*(S) (5 > = redshift

S = integrated spectral flux
6 = beam width (arcsec)




Finding Ecs/ V

A=154x101



—i1.8 pC
(G359.49+0.13

The "Christmas Tree" catalogued by Thomas 2000:
"These authors explain this morphological configuration in
terms of a massive star or pulsar that is ejecting cosmic

rays as it moves along Galactic magnetic field lines, which
are then sequentially emitting synchrotron emission."

- CTAO Science
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14 MST +
11 SCT
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25 MST
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