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A brief retrospective
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« Gamma-rays cover a huge swath of the
electromagnetic spectrum

 The gamma-ray sky is still very new

» High-Energy gamma-rays probe the non-
thermal universe

— Explore extreme environments hosting powerful
particle accelerators 2



o The Fermi Observatory

Large Area Telescope (LAT)
Observes 20% of the sky at any instant, views entire sky every 3 hrs
20 MeV - 300 GeV - includes unexplored region between 10 - 100 GeV

~ Gamma-ray Burst Monitor (GBM)
Observes entire unocculted sky i)
Detects transients from 8 keV - 40 MeV

* Unique capabilities for GeV astrophysics
— Largeeffective area
— Good angular resolution
- —Huge energy range |
— Wide field of view
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2 Brief History of Detectors”®
5 for GeV Gamma-ray Astronomy  *inspace
+ 1967-1968, 0SO-3 detected ., — i
Milky Way as an extended y Pt ™ (= \—
-ray source, 621 y-rays : . I m:_ |
- 1972:1973, SAS-2, ~8,000 | |- s
- celestial y-rays == a0/

. 1975- 1982, COS-B, Orbit ANTI-COINCIDENCE

CLOSELY SPACED

resultedinalargeand " o Rausia
variable background of
charged particles, ~200,00 —
_ y-rays _ SPARK CHAMBERS
.+ 1991-2000, EGRET. large  ruk o A
effective area, good PSF,  conciveuee N
long mission Iife, excellent J PRESSURE VESSEL
background rejection, and . .., cuesor 7
- >1.4 x 106 y-rays | NEASUREMENT  COUNTER /////I////
- 2007-, AGILE, like 1/16-th |

LAT, with small calorimeter,
sensitivity ~EGRET




%e’i(\ The GeV sky is Steady...

Reminder: The LAT Sk

¢

>1 GeV for three years 5




and Variable!




The Crab is variable
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Observations of the light curve of the Crab Nebula in the range
0.1 to 300 GeV showing the three observed flares. Each horizontal
O unit represents a 12h time bin. The red lines represent the
average flux before and during the flares (image: Balbo et al.
2011).

outhern jet moves!
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“You can divide Mz
astronomy into
two parts: the of
Crab Nebula and
the astronomy of
everything else”

Burbidge

2000 Feb 2008 Jan



PR e pulsar is always on
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FREE EXPANSION VELOCITY:y - [256 _ 107 £12 M2 oy
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THE EXPANSION SPEED DROPS DOWN DURING THE SEDOV-TAYLOR
PHASE, BUT THE MACH NUMBER IS ~100

A STRONG SHOCK WAVE DEVELOPS



\)@\e Diffusion is easy!
No\qWE‘RECALL THE TRANSPORT EQUATION IN CONSERVATIVE FORM:
<o O fo 0J

Ot 0z
AND PUTTING THINGS TOGETHER:

dfo a[ 8.J ah}

Hialin e A
BUT IT IS EASY TO SHOW THAT THE FIRST TERM MUST BE NEGLIGIBLE:

1

1

s g/ d,u,ufo(l P 5#) = ng(Sf() < ’Uf() gl
—1

IT FOLLOWS THAT THE ISOTROPIC PART OF THE DISTRIBUTION FUNCTION
MUST SATISFY THE DIFFUSION EQUATION:

(9f0 0 [ 8f0 :f : (1_N2)2:1
—JY K, 3 /_1du Do, VA

— K’Z 3 |
ot 0z 0z
SPATIAL DIFFUSION COEFFICIENT
DIFFUSION EQUATION







Energy Lossof heavy (M»m ) charged Purticles -
‘%sfé%;wo‘g&w\“ in Matter

$ Energy loss described by Bethe-Bloch formula 500--—7 T

'n® on Cu i
=322 eV T

-« lonisation through inelastic scattering & atomic 20.0
excitation “

..+ Global minimum in dE/dX @ By~3.5 -> Minimum Ionizing -;
Particle (MIP) 3 1ol

Radiative offects ____
becorse impectant

. de/dx at minimum ~ 2 MeV em? / g (multiply with density
i and thickness of material to get total energy loss)

|
e dE/dx ~Z with Z=atomic number of absorber W &' ]
. dE/dx ~2 with 2=charge of incident particle TR Ax; i 100 TT1000 10000 )
: Y= pe i
Hadronic interactions come in addition (needed for ——————
shower development)

Ccmpb':o dE dx

= 1 b

LLLR Y L

What would you chose? .

High density and high 2?
or

Low density and low Z?







Lexicon

e TACT - Imaging Atmospheric
Cherenkov Telescope
(detector includes both the
fancy mirror and camera, but
also includes the atmosphere,
which is used as a detector

volume.

e EAS Array - Extended air
shower detector. Detects
particles at the ground.

shower J
front

extensive //
air shower / /
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Cherenkov telesco'pes. ..Even 'a'toddler ca’n' do it!




~ Analysis can be tough, but
 itsworthit. Keep atitl




Thank you!




