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Outline 

Lecture I 

Constants, atoms, cross sections 

Photoelectric, TOF 

PMT, SiPM Scint, Cerenkov 

Lecture II 

Collisions, cross sections 

Multiple scattering, radiation length 

dE/dx, MIP, Range 

Critical Energy 
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Outline II  

Lecture III 

B fields, trajectories 

Quadrupoles, focal length 

Drift and Diffusion 

Pulse formation in unity gain and gas gain 

Lecture IV 

Radiation NR, Thompson, Compton 

Relativistic radiation 

Bremm, Pair Production 
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LHC Accelerator  - Dipoles 

ÅThe LHC at 1.9 K is colder than the 
CMB at 2.3 K.  

ÅThe LHC is the highest energy collider in 
the world 

ÅThe LHC has the worlds largest 
cryogenic plant. 

ÅThe LHC is designed to have the highest 
reaction rate of any collider, design value 
is 1 GHz. 

ÅThe associated experiments are the 
largest and most complex scientific 
instruments ever built - a 20 year effort. 

wrt Tevatron (at design) 

Energy x 7  

luminosity  x 20 

Large increase -> discovery 

 



LHC by the Numbers - Beams 

Å2808 r.f. bunches per beam, spaced by 25 nsec = 7.5 m 

ÅBunch intensity ~ 1.2 x 1011 p per bunch 

ÅEach bunch ~ 5 cm long, ~ 16 microns wide 

ÅEach beam carries 362 MJ ï the 2 beams have sufficient 

energy to melt ~ 1 ton of  cryogenic (2 K) copper. 

ÅQuench detection, abort and collimation. Beam dump 

systems are critical for safe operation. 

ÅñStoreò beams for ~ 10 hours. Protons travel ~ 10 billion 

km around the LHC ring ~ 65 AU ~ round trip to Pluto -> 

need a good vacuum, better than the vacuum found on the 

Moon ï 10-10 Torr ~ 3 million molecules/cm3. Compare to 

No. 
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Solenoid Magent 
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4 /B nI cp=
Conductors of size 2 cm in z all stacked 

by 4 in r for a total of n= 200 turns/m. 

Then to achieve a field of 5 T, 20.8 kA of 

current is required ï  3 GJ @ 4T (CMS) 



Worldôs Largest Solenoid 

4 T, 3 GJ 

~ 600 kg 

of TNT 

stored 

energy 

Feb., 

2007 
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