JUAS 2016 exam
The following constant will be used in the exercises
elementary electric charge
velocity of light
reduced Planck constant
vacuum dielectric constant
electron rest energy
proton rest energy
classical electron radius

e = 1.610-19 C
c = 2.998108 m/s
 = h/2 = 1.0510-34 Kg m2/ s
0 = 8.85410-12 F/m
0.511 MeV
938 MeV
re = 1/(40) e2/(mc2) = 2.8110-15 m
Cq 


 3.84 10 13 m
32 3 mc
55

Solve 3 of the following 4 problems.
Ex. 1:
The formula for the energy loss per turn for an electron with energy E in a storage
ring with dipoles having bending radius  is given, in handy units, by
U 0 (keV )  88.46

E(GeV ) 4
(m)

(1)

a) Compute the energy loss per turn by an electron beam with energy 5 GeV
travelling in a ring with equal dipoles having bending radius  = 10m.
b) Assuming constant energy loss per turn (1), how many turns it would take for
the electrons to radiate all their energy. How does this value compare to the
transverse damping time?
c) If all the energy losses are due to photons emitted at the critical energy c, how
many photons per turn would be emitted?
d) write down the analogous of formula (1) for a proton.
Ex. 2:
We want to build an electron storage ring with the design energy of 2 GeV, using N
identical bending magnets with identical beam optics in the TME lattice. The target
for the horizontal emittance is 2 nm-rad.
a) How many bending magnets are required?
b) How long are the bending (i.e. the length of the trajectory in the magnet), if
the field strength is B = 1.4 T?
c) How do things change for a DBA lattice?
Ex. 3:
Assume we have a 3 GeV storage ring with a horizontal emittance of x = 3 nm. We
want to increase the brightness by building a new lattice reducing the horizontal
emittance by a factor 10, to 300 pm. Assume the optics functions at the centre of the
undulators are the same in both lattices and they are x = y =2m and Dx = Dy = Dx’ =

Dy’ = x = y = 0. Assume that the vertical emittance is always 1% of the horizontal
emittance.
a) Compute the photon beam size and divergence for an undulator with L = 2 m
emitting in the fundamental wavelength at  = 1A and for  = 10 nm;
b) What is the percentage increase in brightness at  = 10 nm after reducing the
emittance as indicated above;
c) At what wavelengths the increase in brightness becomes negligible;
Ex. 4:
A storage ring operates at 3 GeV and has a horizontal emittance x = 3 nm. We want
to reduce the emittance to 300 pm by reducing the energy of the ring
a) What should be the new electron beam energy?
b) Would this be a good strategy to increase the brightness in a light source?
Explain why. [Hint: What happens to the spectrum of the bending radiation?
And the undulator radiation? ]
c) What are the strategies currently proposed to achieve ultra low emittance
lattices? Explain why.

