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ASTROPARTICLES
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Particle 
Physics or 
High Energy 
Physics 

- Is looking for the 
smallest 
constituents of 
matter (the 
“ultimate building 
blocks”) and for 
the fundamental 
forces between 
them 
(“interactions”);

- Aim is to find 
description in 
terms of the 
smallest number of 
particles and 
forces



Definitions:

Fundamental Particle:  Particle that cannot be divided, as a lepton or quark 
(Dictionary definition), with a unique set of  properties:

Mass, charge, spin (  s = 1/2 integer: Fermion; s = 0,1,2 : Boson ), and flavor 

Charge (Q) is a quantity we have defined in order to describe how certain 
particles (with this charge) interact.  If the particles don’t interact in the 
prescribed way, they don’t have charge.











HADRONS: Composed by Quarks and  joined by the strong force (Barions 
and Mesons.

Leptons:  Neutrinos spin = - 1 / 2

Fundamental Particles:





From Contemporary Physics Education Project 
http://www.cpepweb.org/particles.html





From Contemporary Physics Education Project 
http://www.cpepweb.org/particles.html



Particle Physics or HEPParticle Physics and High Energy Physics

- Particle Physics can be divided on 3 areas:

1.- ACCELERATOR  PHYSICS

2.-  NUCLEAR 
      PHYSICS

3.- ASTROPARTICLES

   High Energy Astrophysics: Energy from   few  MeVs  to  PeVs (X-Ray to CR)



Slide from Prof. Johannes Knapp Lectures WAPP 2012 (see it on webpages)



Slide from Prof. Johannes Knapp Lectures WAPP 2012 (see it on webpages)



Slide from Prof. 
Johannes Knapp 
Lectures WAPP 2012 
(see it on webpages)



Slide from Prof. Johannes Knapp Lectures WAPP 2012 (see it on webpages)



See Prof. Johannes Knapp Lectures WAPP 
2012





Particle Symbol
Anti-
particle Makeup

Rest mass
MeV/c2 S C B Lifetime Decay Modes

Pion π+ π- ud 139.6 0 0 0 2.60
x10-8

μ+νμ

Pion π0 Self 135.0 0 0 0
0.83
x10-16 2γ

Kaon K+ K- us 493.7 +1 0 0 1.24
x10-8

μ+νμ, π
+π0

Kaon K0
s K0

s 1* 497.7 +1 0 0
0.89

x10-10 π+π-,2π0

Kaon K0
L K0

L 1* 497.7 +1 0 0 5.2
x10-8

π+e-νe

Eta η0 Self 2* 548.8 0 0 0 <10-18 2γ, 3μ

Eta prime η0' Self 2* 958 0 0 0 ... π+π-η

Rho ρ+ ρ- ud 770 0 0 0
0.4

x10-23 π+π0

Rho ρ0 Self uu, dd 770 0 0 0
0.4

x10-23 π+π-

Omega ω0 Self uu, dd 782 0 0 0
0.8

x10-22 π+π-π0

Phi φ Self ss 1020 0 0 0
20

x10-23 K+K-,K0K0

D D+ D- cd 1869.4 0 +1 0 10.6
x10-13 K + _, e + _

D D0 D0 cu 1864.6 0 +1 0
4.2

x10-13 [K,μ,e] + _

D D+
s D-

s cs 1969 +1 +1 0 4.7
x10-13 K + _
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S

http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/hadron.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/hadron.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/kaon.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/kaon.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/kaon.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/meson2.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/meson2.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/meson2.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/meson2.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/meson2.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/meson2.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/dmeson.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/dmeson.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/dmeson.html


Particle Symbol Makeup
Rest mass

MeV/c2 Spin B S
Lifetime

(second
s>

Decay Modes

Proton
PROTON p uud 938.3 1/2 +1 0 Stable ...

Neutron n ddu 939.6 1/2 +1 0 920 pe-νe

Lambda Λ0 uds 1115.6 1/2 +1 -1 2.6
x10-10 pπ-, nπ0

Sigma Σ+ uus 1189.4 1/2 +1 -1 0.8
x10-10 pπ0, nπ+

Sigma Σ0 uds 1192.5 1/2 +1 -1 6x10-20 Λ0γ

Sigma Σ- dds 1197.3 1/2 +1 -1
1.5

x10-10 nπ-

Delta Δ++ uuu 1232 3/2 +1 0 0.6
x10-23 pπ+

Delta Δ+ uud 1232 3/2 +1 0 0.6
x10-23 pπ0

Delta Δ0 udd 1232 3/2 +1 0 0.6
x10-23 nπ0

Delta Δ- ddd 1232 3/2 +1 0 0.6
x10-23 nπ-

Xi  Cascade Ξ0 uss 1315 1/2 +1 -2
2.9

x10-10 Λ0π0

Xi  Cascade Ξ- dss 1321 1/2 +1 -2 1.64
x10-10 Λ0π-

Omega minus Ω- sss 1672 3/2 +1 -3
0.82

x10-10 Ξ0π-, Λ0K-
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http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/proton.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/proton.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/lambda.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/sigma.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/sigma.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/sigma.html




See Hyperphysics 
webpage



THEORY OF THE CHERENKOV 
RADIATION
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Taking the divergence of both sides of Ampere’s 
law and using Gauss’s law

26



What happens If a drop a pebble into a pound  

What happens If  dropping pebbles at regular time

What happens If move my hand (no concentric)

What happens If I move my hand at the same speed that the rings move (all the 
rings will touch in a point)  

What happens if I move the source of the ripples faster that the speed of the ripples 
can spread?

The duck is travel faster than the speed of the ripples it creates. Individual waves 
can not spread in front of the duck

The object creating waves is travel faster that the speed of the wave itself

The duck is swimming on the surface of the water faster than the speed wave travel 
over the surface.



28



Cherenkov Emission

•Cherenkov effect occurs when the velocity of a charged particle  traversing a dielectric 
    medium exceeds the velocity of light in that medium (v>c/n)

•Excited atoms in the vicinity of the particle trajectory become polarized and coherently 
    emit radiation

•A small number of photons are emitted at a fixed angle, which is determined by the 
    velocity of the particle and the index of refraction of the medium    =>  Cos θ = 1/nβ

•The index of refraction of the medium, n, is a function of wavelength  (λ) and temperature.
    The general tendency for n is to decrease with increasing λ. The variation dn/dλ (referred
     to as dispersion), is largest in the ultraviolet portion of the spectrum.

•Cherenkov light is emitted almost instantly. The angular distribution of the light intensity
     is approx. a δ function at the Cherenkov angle θ. The actual distribution is broadened 
     due to dispersion,  energy loss of the particle, multiple scattering & diffraction.  

THIS IS SLIDE 26 OF B.S. Acharya TALK  (WAPP 2012) 29



- .The charged particle polarizes the atoms along its 
trajectory

- These time dependent dipole emit electromagnetic 
radiation

- If  v < c / n, the dipole distribution is symmetric around the 
particle position, and the sum of all dipoles vanishes

- If v > c / n, the distribution is asymmetric and the total 
time dependent dipole is not null, thus radiates.

See also slide 22 of B.S. Acharya talk and shock wave discussion 
by Dr. Chernyshov  (WAPP 2012 website)



CHERENKOV RADIATION DETECTION 
 TECHIQUES

31



PROBLEM

 1) Derive in detail the expresion that describes the Cerenkov radiation. 

Idem and discuss about the shape of the front wave. 



What A, Phi, and the generalized Lorentz condition physically means. Give Expresions and 
discuss



What a vector potential physically means. Give Expresions and discuss. Do all steps, avoid “ It 
is clear, Obvious, etc…”.  Do the Fourier transformation and the expansion in detail.

34



What the inhomogeneous Helmholtz equation physically means. Give Expresions 
and discuss. All steps, avoid “ It is clear, Obvious, etc…”. Do the aproximation in 
detail. 35



Do the last step in detail, and derive (12)



Why equation (15). Explain and derive in detail.
37



What the delta(omega) function is, means?. Derive (16) 
and (17)  in detail. 38



Discuss about the fine structure constant. Do all steps in 
detail. No obvious. No skip steps





Catch The Elusive 
Neutrino

Subhasis Chattopadhyay

Variable Energy Cyclotron Centre 
&

Bose Institute
Kolkata

I strongly suggest check and understand this talk:



Standard Model of 
Particle Physics

The Standard Model
Elementary Particles12 matter 

particles
6 quarks

6 leptons

these 12 building blocks 
make up all the varieties 
of “normal” matter in the 
Universe 

4 forces
gravitational force

electromagnetic force

strong nuclear force

weak nuclear force

these 4 ways for particles 
to interact with each other 
are the only ones we 
currently know about

Slide from Subhasis Chattopadhyay's Neutrino Talk (WAPP 2015)



THANKS
edfuente@gmail.com

10th Winter School on Astroparticle Physics, 21-29 December, 2015, Bose Institute, Darjeeling, India

https://www.youtube.com/watch?v=Gt4Y7i-h-h4

https://www.youtube.com/watch?v=R95h8sqm_Hw

https://www.youtube.com/watch?v=Gt4Y7i-h-h4
https://www.youtube.com/watch?v=R95h8sqm_Hw
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