Accelerator Physics Homework #4
1. S&E 3.7
2. We have a synchrotron which accelerates protons from 10 to 100 GeV in 1 second, with the energy changing linearly with time. The circumference of the ring is 3km.  The transition is 25.
a. Calculate the revolution periods at the injection and extraction energies.
b. The RF system has a harmonic number of 588; that is, one revolution period corresponds to 588 RF cycles.  Calculate the RF frequency in MHz at injection and extraction (this difference may seem small, but changing the resonant frequency of a cavity is always hard).
c. Calculate the slip factor (including sign) at injection, extraction, and also near transition (say =24)?
d. If I have an RF voltage of 1 MV, what synchronous phase s do I need at these three energies?
e. For each of these energies, calculate
i. The synchrotron tune s
ii. The maximum bucket size Eb
iii. Assume the real energy spread is half the bucket size, calculate t and the longitudinal emittance L.
3. Show that if a quadrupole is rotated is rotated by an angle  (positive rotation about  axis out of the page), the resulting field will be




4. S&E 5.6

5. Calculate the power lost to synchrotron radiation and the vertical synchrotron damping times for the following machines
	Machine
	Particle type
	Circumference
	Bend radius of magnets
	Beam Current
	Energy

	LEP 
	Electrons
	27 km
	3.5 km
	5 mA
	45 GeV

	
	
	
	
	
	104 GeV[footnoteRef:1] [1:  Highest energy reached during LEP II run.] 


	Tevatron
	Protons
	6.28 km
	780 m
	75 mA
	1 TeV

	LHC
	Protons
	27 km
	3 km
	600 mA
	7 TeV

	HE-LHC[footnoteRef:2] [2:  Proposed for 2030 or later.] 

	Protons
	27 km
	3 km
	600 mA
	16.5 TeV
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