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A USPAS school project:
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Studies performed during the USPAS class 'Unifying Physics of Accelerators, Lasers and Plasma.' of Prof. Andrei Seryi
Teaching assistant: Aakash Sahai
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The 2016 “Unifying Physics...” Class
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The 1 week long “Unifying 
Physics of Accelerators, Lasers 
and Plasma” class was held in 
June 2016 in Fort Collins, Colorado 
to earn credit from Colorado State 
University.

The class was taught by 
Prof. Andrei Seryi following his 
book “Unifying Physics of 
Accelerators, Lasers and Plasma.” 
[1]

During the group projects, we 
worked on the design of the 
compact light source using the art 
of inventiveness TRIZ.

[1] A. Seryi, Unifying Physics of Accelerators, Lasers and 
Plasma,  CRC Press, 2015.
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Calculations were performed during school
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Schematics of the compact ring

5

We studied the parameters of the 
compact ring for three different 
cases:

1) Producing 0.4 keV photons with 
1 GeV electrons and normal 
conducting magnets

2) Producing 0.4 keV photons with 
1 GeV electrons and super 
conducting magnets

3) Producing 10 keV photons with 3 
GeV electrons and super 
conducting magents

On-orbit, on-energy plasma injector

Bending magnets
Radiation produced by the wiggler

Electron 
beam 
trajectory

FD: focusing 
doublet
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Magnet Choice (1/2)
The bending radius ρ was calculated from the 
magnet field strength B of the dipole magnets:
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eq. 2.13 
from [1]

The circumference C then follows from the length of a 360� 

bending plus 5 m drift spaces. Assuming the betatron tune 
Q = 0.3, we calculated the average β- function:

(2)

We estimated the average dispersion function with: 

(3)

eq. 2.53 
from [1]

(1)

(2)

(3)

(4)
(5)

Magnetic lattice of the compact ring:

(1)
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Magnet Choice (2/2)

After we set the horizontal aperture to be xmax= 10 cm. The 
number of turns can be calculated with:

The strength of the focusing doublets was calculated to 
focus and then parallelize the circulating electron beam. To 
achieve a focal length of 1m, the quadrupole gradients need to 
be in the range of 50-100 T/m.

(5) derived in 
class

We estimated the horizontal Δx and vertical Δy beam sizes 
based on the bending radius ρ and the circumference C.
The main contribution of the energy loss per turn comes from 
the radiation emitted by the bending magnets Esr: 

derived from eq. 
3.8 from [1](4)

(1)

(2)

(3)

(4)
(5)

Magnetic lattice of the compact ring:
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Plasma gas-jet injector
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We choose the plasma density (6) so that we can 
reach 3 GeV within the depletion (2) and 
dephasing length (3):

We estimated the accelerating gradient on the cold plasma 
wave-breaking limit:

and the bubble radius with:

Further values for the electron beam, we used typical values: Electron beam size σr ≅ σz ~ c/ωp~ 12μm, electron energy spread ΔE/E ~ 2%, beam 
divergence σᶚ= 0.5 mrad and the bunch charge is 10 pC (1GeV) and 7 pC (3 GeV).

Plasma and gas jet parameters:
(6)

(7)
(8)

(9)
(10)

(7)

(8)

(9)

(10)

Acceleration lengths of 2.4 and 7.2 cm 
require novel gas jet designs!
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Laser system of the plasma gas-jet injector
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Based on existing systems, we choose laser 
parameters achievable in the near future. 

A Ti:Sapphire laser system with a laser wavelength 
of 780 nm. The spot size radius was chosen to be 
the plasma bubble radius (1), the laser pulse length 
to be 45 fs, and the repetition rate frep to be 1 Hz.

Ti:Sapphire laser parameters:

(11)

The laser strength parameter a0 was calculated with:

(11)

The required laser power, laser intensity, and pulse 
energy were estimated based on the plasma 
parameters. 
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Radiation production
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Parameters of the produced radiation:

After choosing the size, strength and 
periodicity of the wiggler magnet we can 
estimate the brilliance of the radiation 
produced.

The Brilliance per spill was estimated with:

And the Brilliance per electron lifetime with:

(12)

(13)

(12)
(13)
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Discussion
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Do the electrons circulating in the 
ring interact with residual plasma?

Assuming a gas flow velocity of 20 
km/s, the plasma propagated a few 
100 μm during one electron turn. 
Hence we assume that the circulating 
electrons -after being focused by the 
upstream doublet- only scatter off the 
gas-atoms, which causes scattering 
angles in the order of μrads.

Further studies should include:

•Possibility of creating a compton 
light source by making the laser pulse 
collide with the electrons

•Study of the radiation produced by 
the betatron radiation of the electrons 
in the plasma bubble.

•Further studies on the radiation 
produced by the bending magnets. 

•Study on how to achieve gas jet 
lengths in the order of 7 cm.

•Detailed plasma and optics 
simulations to confirm the estimates
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Summary

● We presented our studies on the design of ‘Compact ring-based X-ray 
source’. The studies were performed as part of the USPAS 2016 'Unifying 
Physics …' class of Prof. Andrei Seryi.

● We inject the electrons with an on-orbit and on-energy laser plasma injector, 
with a plasma density of: 1.75 x 1017 electrons/cm-3. A 400 TW laser system 
creates strong plasma wavefields to self-inject and accelerate electrons to 1 
or 3 GeV.

● A wiggler magnet produces 0.4 and 10 keV photons with a brilliance per spill 
in the order of 1015 photons/mm2mrad2s.
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