
C2Ωs Gamma Ray Astro Notes 

Gamma Ray Basic Facts 

¶ g -rays have the highest frequencies and thus are highly energetic 

o g-rays have l~ a few trillionths of a meter 

o This makes their lΩǎϤ мκмл ǘƻ мκмлл ǘƘŜ ǎƛȊŜ ƻŦ ŀƴ ŀǘƻƳ 

o Hence g-rays have characteristic l s appropriate for nuclear reactions 

¶ G-rays span a very large portion of the E-M spectrum  

o n ranges from 1019 ς 1030 HZ (11 orders of magnitude observable EM spectrum 

is only 20 OOM!) 

o In terms of energy the range is 30,000 eV - 1015 eV 

 

Figure 1- This is the electromagnetic spectrum diagram I could find that accurately shows the 
impressive span of gamma rays detectable and useable for astronomy.  I guess there are a lot 
of astro 001 students getting screwed. (Image credit: E. Hays Compton Lecture 1 2007) 

 

Figure 2- This figure does a good job of attaching gamma ray jargon to frequency and energy 
values, making us all one step closer to being able to learn something from Peter besides how 
to tear an apple in half. (Image credit: E. Hays Compton Lecture 1 2007) 

 

 

¶ It is most often appropriate to think of g-rays photons using the particle description of light. 



o The relationship between the l of the radiation and the structural dimensions of the 

interacting matter determine this choice. 

o Since g -Ǌŀȅǎ ǾƛŜǿ ŜǾŜƴ ŀƴ ŀǘƻƳΩǎ ƴǳŎƭŜǳǎ ŀƴŘ ŜƭŜŎǘǊƻƴǎ ŀǎ ǿƘƻƭƭȅ separate; it is fine to 

think of them as energetic particles. 

o However, it is most appropriate to use the energy of a g -ray photon as its defining 

characteristic (interactions of g -rays with matter and fields make this useful) 

 

¶ Gamma rays are absorbed by matter. Despite their great penetration talents over the rest of the 

EM spectrum, tƘŜȅ Ŏŀƴ Ǉŀǎǎ ǘƘǊƻǳƎƘ ŀ ŦŜǿ ŎƳ ƻŦ ƭŜŀŘ ƻǊ ŀ ŦŜǿ ƳƛƭŜǎ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ 
atmosphere. 
 

o The distance a g -ray can make through matter depends on the density of the 
material.  

o    I(d)= I0 e-md   
o Intrinsically this process has continuous spectral characteristics and cross section 

is given by Thompson cross section, sT. 
 

o    
 

o At ~MeV g -ray energies and greater nuclear interactions become important, and 
spectral absorption characteristics are due to nuclear structure. 

 

o Beginning at x-ray energies scattering off electrons (& more significantly protons) 
becomes inelastic (Compton scattering).  This results in a more forward biased 
beam after scattering. 

 

o The decreasing electron cross section is given by the Klien- Nishna cross section. 

Listed below in the high energy limit Eg= 1/mec
2 >> 1 

 

o  
 

¶ Gamma Rays interact with light. 
 
 
 
 

How to make Gamma Rays- Production Processes 



¶ pion decay - Highly energetic protons that interact with matter produce particles called 
pions.  Pions then decay to gamma rays.  Cosmic rays, which are dominated by protons, 
permeate our galaxy, and where they originate is still a very open topic. It is thought 
that sources of cosmic rays also produce gamma rays from pion decay. 

 

¶ protron synchrotron radiation - A charged particle travelling through a magnetic field 
experiences a force that causes it to follow a spiral path along the direction of motion. 
This acceleration produces synchrotron photons. Highly energetic protons in strong 
magnetic fields will radiate gamma rays. 

 

¶ inverse Compton scattering of photons by electrons - Electrons scatter photons and 
increase their energy.  For the right combination of energetic electrons and lower 
energy photons, gamma rays are generated.  

 

¶ electron brehmsstrahlung - Electrons that come close to a nucleus feel the influence of 
the nuclear electrical field and decelerate. For highly energetic electrons, the photon 
energy is similar to the electron energy. This means 1 TeV electrons passing through 
atomic or molecular material in space will produce photons at about 1 TeV. 

 

 
Figure 3- Physical processes that produce gamma rays. (Figure credit: Roland Diehl The physics 
of Gamma-Ray Sources) 

 
 

Gamma Ray Interactions- Absorption Processes 
 



¶ Photoelectric absorption: Atomic electrons are removed from their nuclei and the g-ray 
loses some energy equal to the electron binding energy.  This is the dominate abortion 
process for g-rays below 0.1 MeV. 

¶ Compton scattering: Electrons are hit by g-ray photons and take a fraction of the 
photons energy.  This process is the dominant interaction in the 0.1 MeV ς few MeV 
energy range. 

¶ Pair creation: In the presence of an electric field (usually an atomic nucleus) the g-ray 
energy can be converted into a particle- antiparticle pair.  Conservation of momentum 
dictates that the two created will move in opposite directions in the rest frame of 
original g-ray.  This interaction cannot occur below 1.022 MeV, and the cross section 
increases with energy so that it dominates over Compton scattering above a few MeV. 

¶ Quantized absorption: Atomic nuclei in strong magnetic fields can have altered states 
where level differences correspond to g-ray regime energies.  Thus state transitions may 
absorb g-rays resonantly forming an excited nucleus.   Here the reverse transition back 
to ground state in inhibited (either transition selection rules or high frequency of 
collisions) energy can be dissipated in to lattice phonons and g-ray fluoresces occurs 
thus g-ray is absorbed. 
 

 
 

Figure 4- Gamma ray interaction with matter. (Figure credit: Roland Diehl The physics of 
Gamma-Ray Sources) 

How to Find Gamma Rays- Gamma Ray Observatories 

¶ g-rays cover a large energy range, and are commonly split into the different energy 

divisions (see chart below).  The split in divisions is due to different detection techniques 

being needed for various types of g-rays. 

 



¶ Lower energy g-Ǌŀȅǎ Ƴǳǎǘ ōŜ ƻōǎŜǊǾŜŘ ŦǊƻƳ ǎǇŀŎŜΣ ŀǎ ǘƘŜȅ Ŏŀƴ ƳŀƪŜ ǘƘƻǳƎƘ ǘƘŜ 9ŀǊǘƘΩǎ 

atmosphere. 

¶ Higher energy g-Ǌŀȅǎ ŀƭǎƻ ŘƻƴΩǘ ƳŀƪŜ ƛǘ ǘƘǊƻǳƎƘ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΣ ōǳǘ Ŏŀƴ ōŜ ŘŜǘŜŎǘŜŘ 

with ground based observatories via the secondary products they create on their trip to the 

ground. 
¶  Current  g-ray astronomy missions (this is list is based on me compiling lots of sources 

so I may have missed a mission) 

o Space based telescopes  

Á Compton (1991-2000; 30keV- 30 GeV) - This was the g-ray observatory 

that established the field of g-ray astronomy.  (CGRO discoveries later) 

Á Swift (2004-now; 0.2 - 150 keV)- Autonomous spacecraft response to 

GRB.  Accurate position estimates within minutes. 

Á GLAST (Fermi)- (06/2008-now;)- First major discovery is a pulsar, CTA 1, 

only detected in g-rays regime.  

Á AGILE (2007-now; 30 MeV - 50 GeV and 18 - 60 keV)- First combo g-ray 

and hard x-ray imager. Small Italian Space Agency mission. 

Á Integral (2002-2008, 3 keV - 10 MeV)- High spectral and spatial 

resolution.  Simultaneous Gamma-ray, X-ray and Optical observations. 

o Ground based telescopes 

Á VERITAS-(GeV-TeV)- 4 12m optical telescope to detect Cherenkov light 

Á Milagro- First TeV dedicated g-ray astronomy observatory.  It is a giant 

football field sized pool. 

Á H.E.S.S. (100 GeV-100 TeV)- An array of 4 12m Cherenkov light telescopes 

in a 120m square. 

Á MAGIC (30-300GeV)- A 17m Cherenkov light telescope 

Á CANGAROO- Again another array of 4 Cherenkov light telescopes this time 

10m in diameter each. 

 



 

Gamma Ray Sources 

¶ Pulsars - Rotating neutron stars with intense B-fields. 

¶ Supernova Remnants ς g-rays created in the blastwave from the explosion of a massive 

star. 

¶ Pulsar WInd Nebulae - Particle winds from a pulsar, which becomes energized nebula. 

¶  Microquasars - Stellar mass black holes in our galaxy that create relativistic jets. 

¶ Blazars - Supermassive black holes at the center of galaxies accreting matter and 

creating extended relativistic jets. 

¶ Gamma Ray Bursts - Powerful explosions in distant galaxies. 

¶ Diffuse Emission ς g-rays from within our galaxy 

¶ Unknown ς About 2/3 of known g-Ǌŀȅ ǎƻǳǊŎŜǎ ƘŀǾŜƴΩǘ ōŜŜƴ ǇƛƴǇƻƛƴǘŜŘ ǘƻ ŀ ǎƻǳǊŎŜ ƻŦ 

origin. There are also some places that are theorized to produce g-rays, but we have not 

seen any. 

Gamma Ray Detectors- Compton/Fermi Instrumentation 



 

Figure 5-Compton Gamma Ray Observatory's 4 instruments and the energy ranges of operation for 
each instrument. (Compton was simply Gamma Ray Observatory (GRO) until it was named, and no, I 
donΩt know the person who named Compton.) 

Oriented Scintillation Spectrometer Experiment (OSSE) 

¶ Consists of four detectors that can be pointed individually to aim at both a source and 

obtain background measurements from two simultaneous angles. 

¶ Covered an energy range of 0.05 to 10 MeV. 

Imaging Compton Telescope (COMPTEL) 

¶ Had a field of view of one steradien and was able to determine angle of arrival to 1% 

and energies to 5%. 

¶ Detected in the energy range of 0.75-30 MeV. 

 



 
 

Figure 6- Principles of a pair conversion telescope (e.g. CGROΩs EGRET & GLASTΩs LAT). 

 

Energetic Gamma Ray Experiment Telescope (EGRET) 

 
Detector Subsystems 
 

¶ Plastic scintillator anticoincidence 
 

o Purpose:  To help discriminate against energetic cosmic rays continuously 
traversing the detector 

o Scintillator consists of a clear plastic (polystyrene) whose atoms will emit UV 
light as a result of ionization by a pulse from the E-field from the passing charged 
particle. 

o An additive to the plastic causes the UV light to be absorbed and reemitted as 
optical light. 

o The inside of the covering is highly reflective causing the optical light to bounce 
around until it hits one of the photomultiplier tubes along the bottom edges of 
the scintillator. 

o Once light hits the photomultiplier it is converted to a voltage pulse that tells the 
detector that a cosmic ray has hit. Since gamma rays are not charged they will 
not disturb atoms in the plastic 

 
 

¶ Spark chamber & Creation of electron- positron pair 

o Purpose: Convert g -rays in to measureable secondary product (electron-positron 



creation) 

o g-rays are detected in a bank of 36 spark chambers stacked vertically. 
o Spark chambers are interspersed with tantalum (Z=73) foil sheets. 

o The g-ray interacts with Coulomb field of the high Z atom, which can be thought 

of as a virtual photon, to convert the g-ray to an electron-positron pair. 

o The created "electrons" steal most of the g-rayΩǎ energy in the form of kinetic 
energy, and will then tend to travel in the same direction as the original gamma 
ray. 

o The subsequent spark chambers can then record the tracks of the created 
particles 

 

¶ Spark Chamber Details 
o Each spark chamber layer consists of a flat enclosure containing gas, and two 

parallel planes (separated ~3mm) of parallel closely spaced wires (~1mm). 
o The planes are rotated so that the wires in one plane run at right angles to the 

wire in the other plane. 
o The passage of the electron through the gas creates an ionization trail in the 

gas of each chamber it travels through. 
o If a high voltage pulse is applied immediately between top and bottom track a 

spark will occur at the x-y location of the ionization. 
o It take some time (~100ms) for the system to recover from the high voltage 

application, which is the deadtime per event. 
o To record the location of the x-y location of the spark each wire has a small 

donut-shaped magnet on its end, and the flow of current through the magnet 
core will force the magnet's pole to switch direction. 

o After the detection, all the magnetic poles are reset with another voltage 
pulse. 

 

¶ Timing scintillation detectors  
o Purpose: Eliminate false detections due to cosmic rays  
o The electrons next pass through two plastic timing scintillators that are above 

and below the lower group of spark chambers. 
o The electron pair will create a voltage pulse in the photomultiplier tubes. The 

pulses are recorded and compared. 
o The scintillators determine the direction of travel (upward/ downward) to 

eliminate cosmic rays from coming upward. 
 

¶ Crystal Scintillaor 

o Purpose: Calculate g-ray energies and arrival directions  
o The electrons finally pass into a crystal scintillator made of a high Z material 

(sodium iodide). 
o The electrons undergo multiple interactions until they have given up all their 

kinetic energy to ionization. 



o Recombination of ions and electrons cause the material to emit light collected 
by photomultipliers, which can then be converted to energy. 

o The total energy from scintillation plus energy lost traveling through ionization 

chambers is added to calculate the total energy of initial g-rays. 
o From the information of the track through the chamber the arrival direction 

can be deduced. 
 
 

 
 

 

 
 
 

Figure 7-A nice side view of EGRET with all the gory details labeled. 
(Figure credit Hale BradtΩs Astronomy Methods his grandfather played 
football for U. Nebraska) 



 
 

 
 
 

 
Large Area Telescope (LAT) 
Á Segmented Anticoincidence Detector(ACD)  

o Purpose: Reject cosmic rays 
o Made of 89 plastic scintillator tiles surrounding the instrument. 

 
Á Glast Tracker 

o Purposes: Induce g -ray pair production, determine arrival direction 
o The tracker consists of a four-by-four array of tower modules.  Each tower 

module consists of interleaved planes of silicon-strip detectors and tracker 
tungsten converter sheets. 

o In each module, there are 19 pairs of planes of silicon. 
o In each pair, one plane has the strips oriented in the "x-direction", while the 

other has the strips oriented in the perpendicular "y-direction". 
o When a particle interacts in the silicon, its position on the plane can therefore 

be determined in two dimensions 
 

Á Calorimeter  

o Purposes: Calculate g-ray energies, image products of particle shower created 
in tracker 

o The calorimeter is made of CsI (Tl) bars, arranged in a segmented manner to 
give both longitudinal and transverse information about the energy deposition 

Figure 8- Another view of EGRET, all the components are 
labeled if you zoom in you can read them. (Figure credit: 
heasarc.gsfc.nasa.gov) 



pattern. 

o Once a g-ray penetrates through the anticoincidence shield, the silicon-strip 
tracker, and the lead converter planes, it then passes into the cesium-iodide 
calorimeters. This causes a scintillation reaction in the CsI, and the resultant 
light flash is photoelectrically converted to a voltage  

o The voltage is then digitized, and recorded. 
 
 

 

 

Figure 9- LAT schematic showing ACD, tracker, and calorimeter. (Fig. credit: GLAST science 
overview reading assigned in class (too many authors!) 

 

 

 
 



 
 

 
Figure 10 EGRET compared with LAT (this is strait from class reading!) 

 
 

Burst and Transient Source Experiment (BASTE) experiment  

¶ Purpose: BASTE is designed to observer entire sky at all times for GRBs. 
¶ It consists of 8 detectors one on each corner of the space craft. 

¶ Each detector is a slab of NaI thick enough to insure that g-rays will interact within the 
slab creating an avalanche of ionizing particles. 

¶ The ionizations create optical photons detected by a photomultiplier tube which 

creates  a voltage proportional to the incoming g-rayΩǎ energy 

¶ The number of gamma rays detected in a given time interval indicates the intensity of 
the flash. 

¶ The arrival direction of GRB is determined by comparing signal from several detectors. 


