Syllabus of

Instrumentation and Methods in Astroparticle Physics

The course is designed to introduce the experimental techniques and the data analysis methods of Particle Astrophysics. We will review special relativity and particle physics to remind or introduce basic concepts that will be used throughout the course. We will present the characteristics of energy losses of radiation with matter that are important for their detection. Detector techniques will be described with the basic aim of identifying which are the instruments that allow the detection of the main particle quantities (mass, momentum, energy, charge). Examples of existing experiments will be provided for all of the following fields of astroparticle that will be described: cosmic rays, gamma and neutrino astronomy, cosmology and dark matter. Students will be introduced to data analysis methods through practical examples. The course will include practical applications involving the use of numerical methods and simulations. Class notes and reading material will be provided throughout the course.

Main aim of the course: introducing the current state of the art of Astroparticle physics and understanding experiments built to solve specific questions of this physics field

Duration: 30 lectures of 1:15 hrs

Location: Chamberlin 2135

Timetable: TR 11-12:15

Evaluation: The course grading will be based on homeworks and class discussions. The students will be ask to develop a brief project such as designing a detector or developing an analysis tool covering topics discussed in class.
1) Introduction to the course: what is Astroparticle Physics; 

Suggested Readings:

L. Bergstrom and A. Goobar, Cosmology and Particle Astrophysics (2nd edition), Springer 2004 cap 1-2

Connecting quarks with the cosmos http://www.icecube.wisc.edu/~tmontaruli/connecting_quark_cosmos.pdf

2) Introduction to Special Relativity: inertial frames, relativity postulates, the line element, space-time, Lorentz transformations, relativistic kinematics, center of mass and laboratory systemas, threshold of reactions, examples

Homeworks: Exercises 1

Suggested Readings:
R. Hagedorn, Relativistic kinematics, W.A. Benjamin INC,1963, cap 1

G.B. Rybicki and A.P. Lightman, Radiative processes in astrophysics, Wiley & Sons, 1979, cap 4

http://en.wikipedia.org/wiki/Special_Relativity
http://www.mathpages.com/rr/rrtoc.htm

3) Introduction to Elementary Particles: the Standard Model, matter and antimatter, Dirac equation, Feynmann diagrams, range of a force, Yukawa potential, the interactions and coupling constants, cross sections, operators and conservation laws, quarks and leptons, hadrons, beyond the Standard Model: supersymmetry, neutrinos, their mass and limits, Dirac or Majorana, neutrino oscillations for 3 generation, 2 generations and in matter, the exclusion plot, neutrino oscillation experiments, solar and atmospheric neutrinos, recent results.

Homeworks: Exercises 2 and 3

Suggested Readings:

L. Bergstrom and A. Goobar, Cosmology and Particle Astrophysics (2nd edition), Springer 2004 cap 6

B.R. Martin and G. Shaw, Particle Physics, Manchester Physics Series (1987) cap 1-2

Halzen and Martin, Quarks and Leptons, An Introductory Course to Modern Physics, Wiley 1984

Perkins, Introduction to High Energy Physics, Addison-Wesley, 1987

4) Electromagnetic Interactions of Radiation with Matter:

energy loss of massive charged particles, the Bethe-Block formula, -rays and restricted energy loss, energy straggling, range, particle identification with dE/dx, radiation energy losses of electrons and positrons, multiple Coulomb scattering, interaction of photons with matter: photoelectric effect, Compton scattering, pair production, Cherenkov effect, transition radiation, electromagnetic and hadronic showers (atmospheric showers), muon energy losses

Homeworks: Exercises 4 and 5

Suggested Readings:
Textbooks

C. Leroy and PG Rancoita, Principles of Radiation Interaction in Matter and Detection, World Scientific, 2004 (Cap 2)

Konrad Kleinknecht, Detectors for Particle Radiation, 2nd edition, 1998 (Cap 1) 

M.S. Longair, High Energy Astrophysics, Third ed., Vol 1, Particles, photons and their interactions (Cap 2-4)

Available online:

http://pdg.lbl.gov/2005/reviews/passagerpp.pdf
Homeworks: Exercises 2 and 3

5) Detectors: modes of operation, efficiency, dead time, acceptance, resolution, photoubes, scintillators, Cherenkov detectors, transition radiation detectors, gas detectors: drift of electrons and ions, ionization chambers, proportional counters, multiwire proportional chambers, drift chambers, Geiger Mueller. Electromagnetic and Hadronic calorimeters.

Suggested Readings:

Textbooks

C. Leroy and PG Rancoita, Principles of Radiation Interaction in Matter and Detection, World Scientific, 2004

Konrad Kleinknecht, Detectors for Particle Radiation (2nd edition, 1998) 

G.F. Knoll, Radiation Detection and Measurement, ed. Wiley,Third edition (2000)

Available online: 

http://pdg.lbl.gov/2005/reviews/pardetrpp.pdf
R.K. Bock & A. Vasilescu - The Particle Detector BriefBook, Springer 1998 

http://physics.web.cern.ch/Physics/ParticleDetector/BriefBook/

http://www.shef.ac.uk/physics/teaching/phy311/#books

http://www-physics.lbl.gov/%7Espieler/physics_198_notes_1999/index.html

http://besch2.physik.uni-siegen.de/%7Edepac/DePAC/DePAC_tutorial_database/grupen_istanbul/grupen_istanbul.html

7) Practical examples on statistics, MC techniques, data analysis
Homework:

http://pdg.lbl.gov/2005/reviews/monterpp.pdf
http://pdg.lbl.gov/2005/reviews/probrpp.pdf
http://root.cern.ch
Homeworks: Exercises 6 and 7

6) Cosmic Rays: Composition and Spectrum and their measurement, the knee and the ankle, current puzzles and future expectations, sources of cosmic rays, cosmic rays in the Galaxy, propagation and acceleration, magnetic fields  and solar modulation,  cosmic rays in the atmosphere (atmospheric showers) and underground. 

Prof. Eli Waxman lecturs: CR sources from SNR to GRBs

Homeworks: Exercises 8 

Experiments: 

· direct measurements: AMS, PAMELA, BESS, Caprice 98 

Homeworks: Exercises 9 (practical on the spillover) and 10

· indirect measurements of CR: EAS, Cherenkov, fluorescence technique

· Pierre Auger and Hires. 

     -    A new technique: the radio detectors LOFAR and LOPES. Radio signal in atmosphere and dense media.

7)Gamma Astronomy: TeV Sources and spectra, techniques, IACT and EAS, hadron discrimination, satellite experiments: EGRET and GLAST

Prof. Albrecht Karle lecture: detectors, backgrounds, sensitivities, imaging technique, background discrimination

Experiments: HEGRA, HESS and Magic 

Homeworks: photon density from a vertical muon

8) Neutrino Astronomy: 

Core collapse supernovae, Chandrasekar mass, neutrino emission, SN classification, the hystorical Sns, SN1987A and the neutrino detection.

High Energy Neutrino sources: the beam dump model, connections between gamma and neutrino fluxes. SNRs, Microquasars, Galactic Centre. Event rates from galactic sources, upper bounds on neutrino emissions from extra-galactic sources. 

Cherenkov technique. Muon energy losses, Neutrino cross sections. Event topologies and detection methods, Cherenkov radiators, Backgrounds. Detectors in ice and sea water.

IceCube, ANTARES, ANITA

Suggested Readings:

Halzen and Hooper, Rept.Prog.Phys.65:1025-1078,2002 

Learned and Mannheim,Ann.Rev.Nucl.Part.Sci.50:679-749,2000

Burgio, Bednarek, TM, New Astron. Rev. 49, 2005 (galactic point sources) 

http://arxiv.org/PS_cache/astro-ph/pdf/0405/0405503.pdf (GRBs)

Textbooks: Longair, High Energy Astrophysics 

Berezinski, Neutrino Astrophysics 1995

9) Cosmology: Dark Matter and Gravitational waves 

Introduction to Cosmology, the Big Bang model and inflation. Measurements and their interpratiation.

MAP

Antennas and Interferometers (LIGO, LISA, Nautilus)

