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I 0. Overview

Cosmic Rays

Photons

FUNDAMENTAL PRINCIPLE :: Transfer all or part of the particle energy to the detector!!

charged particles
jonisation excitation Gremsstrahlun@ ( Chereqkov)
( > radiation

electron—hole
creation

semiconductor gas detectors scintillators calorimeters threshold
detectors counters, RICH

low energies medium energies high energies
< 100keV 100 keV — 5MeV > 5MeV
C photoelectric W pair production )
effect scattering

{ ' #

photomultiplier, semiconductor .
calorimeters
(Kr, Xe detectors detectors




I 1. Cosmic Ray Detection



1. Cosmic Ray Detection

1.0. Cosmic Ray Energy Loss

Energy Loss

lonization Loss

Bethe-Bloch formula
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& For low energy particles, high energy means less energy loss.
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ionization bremsstrahlung
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11 10 10" 100 10
By = p/Mc

Minimum ionization(fy = 3.5)



1.1. Gas Detector

1. Cosmic Ray Detection
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1. Cosmic Ray Detection
1.2. SCinti"atOr * scintillation : 22, &l

Thin window Mu Metal Shield Iron Protective Shield
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1. Cosmic Ray Detection
1.3. Calorimeters
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Particle
Path
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1. Cosmic Ray Detection

1.4. Cherenkov Detector
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I 2. Gamma Ray Detection



2. Gamma Ray Detection
2.1. Detection of Low Energy Photons

Photoelectric Effect
®

/




2.2. Detection of High Energy Photons

I 2. Gamma Ray Detection

Compton Scattering

Pair Production(e, e™)



2.2. Detection of High Energy Photons \

I 2. Gamma Ray Detection

\ locus of the direction

\ N of incidence
\
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Compton scattering Recoil

Target

Incident detector 1

photon at rest \;q)
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2.2. Detection of High Energy Photons

I 2. Gamma Ray Detection

Compton Scattering T

Pair Production(e, e™) y, y “..7
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Cosmic Ray

How are CRs accelerated?

UGC 6093 SMBH in M87

Sources
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5.1. Shock structure

I 5. Acceleration Mechanism

Fast-moving(Vs, > Vsoung) discontinuity

‘ Von
/

This is collisionless

P2 P1
P2 P1
T, T;

downstream upstream



I 5. Acceleration Mechanism

5.1. Shock structure

‘ Vi . Rankine-Hugoniot Jump Condition

In a 1-dimensional stationary shock,

a) the mass conservation,
P1V1 = P2V

b) the momentum conservation,

|2 P1 p1+ p1vi = py + povs
9)‘2 % and (c) energy conservation
2
1 1
—v?2 + —y p—l _UZZ + Lp_z

downstream upstream holds.



5. Acceleration Mechanism
5.2. 15 Order Fermi Acceleration

Vsh
1 1
AE = Em[v + (u; —uy)]* — Emv2
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velocity of the gas
in the laboratory system



5. Acceleration Mechanism

5.2. 1st Order Fermi Acceleration
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I 5. Acceleration Mechanism

5.3. Examples of Astrophysical Objects

/

Supernova
Remnant

. Pulsar

Center of
Explosion

Bpulsar = Bstar R

2
pulsar

Pulsar

L4

Binaries ::

matter
transfer

normal star

. AGN or SMBH

shock fronts

supermassive
black hole or AGN

ambient photons OF
synchrotron photons

“tar powering *
the black hole



