JUAS 2015 exam
The following constant will be used in the exercises
velocity of light
reduced Planck constant
vacuum dielectric constant
electron rest energy
proton rest energy
classical electron radius

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

Solve 3 of the following 4 problems.
Ex. 1:
Consider a 3 GeV synchrotron light source. A bending magnet beamline wants to
perform experiment using 8 keV photons.
a) what is the bending radius for which the critical energy is 8 keV? At what
photon energy will be the peak of the radiated power? What will be the
required magnetic field in the dipole?
b) What will be the total power radiated by a beam with 100 mA? What will be
the power radiated per mrad along the arc of the trajectory in the dipole?
The radiation fan from the bending magnet sweeps horizontally through the aperture
of the beamline, located 10 m downstream of the dipole. Assume that the aperture of
the beamline is infinitely wide in the horizontal dimension and is 10 mm wide in the
vertical dimension.
c) Will 8 keV photons go through such vertical aperture? (Hint: use the critical
angle as the rms vertical angular divergence of the photon beam)
d) If the beamline is interested in THz radiation (corresponding to  = 100 um, 
= 0.012 eV), should the vertical aperture be modified? If yes, how?
Ex. 2:
Consider an electron storage ring with energy 2 GeV and circumference 600m. The
lattice is built with dipoles having bending radius  = 7m and the damping partition
number is Jx = 1.
a) Compute the energy loss per electron per turn
b) Compute the damping time of the transverse oscillations
We want to reduce the damping time by a factor 10 by adding a damping wiggler.
c) Propose a set of realistic wiggler parameters that achieve this requirement.
Ex. 3:
Consider an undulator with period u = 20 mm, N =100 periods, minimum gap 4 mm,
and tip magnetic field Br = 1.3 T, installed in a storage ring with 6 GeV energy.

Using the relation
 g 

K  0.168  Br [T]   u [mm ] exp  
 u 

and considering the radiation emitted on-axis, compute
a) the wavelength range that is radiated in the fundamental. What is the
bandwidth? Describe qualitatively how the power depends on the undulator
parameter K
b) the wavelength range in the harmonics n = 2 and n = 3. What is the
bandwidth? Describe qualitatively how the power varies with K.
Assume that the fundamental wavelength emitted on axis is 0. Consider the radiation
off axis
c) Is the wavelength 0 emitted also off axis? If yes, at what angle? (Hint:
consider the harmonics off axis)

Ex. 4: low emittance lattices
We want to build a diffraction limited light source for hard Xray (1A, 12.4 keV).
What should be the emittance of the lattice?
Describe the most common design choices for a low emittance lattice and explain
qualitatively why an MBA is favoured over a DBA. (<1 page)

