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Abstract

There is a design of a compact photon source based on
inverse Compton scattering at NRNU MEPhI. Updated
synchrotron lattice, electron dynamics simulation and
beam instabilities studies are presented.

INTRODUCTION

Photons of 5-30 keV and flux of about 10'-10'%y/s are
used for materials science, research of nano - and biosys-
tems, medicine and pharmacology, physics and chemistry
of fast-flowing processes. There are a few ways of 5-
30 keV photon production. This project aims to develop-
ment of a compact system for generating radiation in a
next-generation light undulator in the photon energy
range of 5-30 keV for ring and linear sources based on
inverse Compton scattering.

A number of facilities based on inverse Compton scat-
tering effect are under design or operation today: MuCLS
[1], LyCLS [2], ThomX [3], ODU CLS [4], SLEGS [5],
SPARC LAB [6], LUCX [7], LESR [8], Daresbury
Compton Backscattering X-ray Source [9]. Compton light
source is supposed to be built on the NRNU MEPHI site.
Two operating modes of the compact light source are
possible: the storage ring Compton source design and the
linac-based Compact-XFEL.

STORAGE RING

In order to generate 5-30 keV X-rays in light ondulator
it is suggested that compact storage synchrotron will be
used with top-up injection from normal conducting
S-band linac with tuneable energy in the range of
20-60 MeV.

The use of a storage ring provides the following ad-
vantages: high intensity of the generated photon flux,
high brightness, electron beam energy tuning in a wide
range, high degree of monochromaticity and coherence of
the generated photons.

In order to get horizontal rms beam size at interaction
point (IP) with laser photons of 30 um for electron hori-
zontal emittance €,.,s 0of 100 nm the horizontal beta-
function value should be equal to 30 cm in accordance
with

B =62 € .
X~ “x,rms/ “x,rms

The same value should have the vertical beta-function
at IP. Dispersion function D, should have a zero value at
IP to minimize e-bunch size because
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Gi,rrm = Bx‘(;x,ms +D)%[(p_p0)/p0]’

where o, ms — horizontal rms beam size, B, — horizontal
beta-function, p — momentum of electron, py, — equilibri-
um momentum.

Furthermore, the length of storage ring straight section
should be of 1.5 m to increase interaction efficiency be-
tween electron bunch and laser photons head-on collision
as well as feasibility of laser positioning. The updated
version of synchrotron magnetic lattice is presented in
Fig. 1. Storage ring circumference is 10.661 m. The quad-
rupole gradients were calculated numerically by means of
AT [10] to satisfy requirements above. Figure 2 shows
obtained optic functions. From Fig. 2 it is seen that B, is
24.12 cm and B, is 14.62 cm at IP. Momentum compacti-
fication factor is equal to 0.0645 at 60 MeV, betatron
horizontal and vertical tunes are 3.762 and 2.794 corre-
spondingly. Also it was estimated dynamic aperture (DA)
(Fig. 3). DA is equal to +4.3 mm which is sufficient value
for 30 um beam-size.
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Figure 1: Basic magnet lattice of storage ring.
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Figure 2: Twiss functions and dispersion.

Two families of sextupoles were arranged in the disper-
sion function maximum to correct chromaticities.
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Figure 3: Dynamic aperture (for 1000 turns).

LIFE TIMES, INSTABILITIES,
NON-LINEAR EFFECTS AND
LIMIT CURRENTS

Following the study of different non-linear effects, in-
stabilities and space charge limitations are started. It is
necessary to define the final value of beam lifetime and
the bunch current (charge). These parameters are crucially
important to further design both injector and laser sys-
tems. First we estimate values of radiation integrals [11]
for the lattice [12]: [,=1.17, [,=7.48 1/m, Is=14.48 1/m’,
1,=2.27 1/m. Such values of radiation integrals and small
radiation energy losses (due to the low beam energy of
10-60 MeV losses are equal to 3-107" eV/turn) give us
very high value of the radiation times 1,=3200 and
1,=2230 s correspondently for horizontal and vertical
motion. The calculation of the Touschek lifetime (TLT)
give the representative value about 1-10 ms for the differ-
ent beam energy, bunch charge, and the energy ac-
ceptance (see Figs. 4-7). We should estimate TLT and
decide will it be the main factor limiting the lifetime for
the low energy beam in small-circumference ring. It is
obviously from our general suggestions for beam dynam-
ics in low-energy rings and it was shown by simulation
for MEPhI project.

It is clear the optimal bunch charge should be not great-
er than 300 pC and we have to increase the momentum
acceptance up to 2-3 % to reach biger value of TLT.
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Figure 4: TLT vs bunch charge.
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Figure 5: TLT vs beam energy.
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Figure 6: TLT vs energy acceptance (Q = 1 nC).
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Figure 7: TLT vs energy acceptance (Q = 100 pC).

Following the intra-beam scattering (IBS) was simulat-
ed and the IBS time was defined [13]. It is equal to ~150 s
for horizontal motion and is very high for vertical and
longitudinal ones. The threshold bunch current calculated
for longitudinal motion using the finite fine filament
technique is equal to 630 A (or 600 nC in 1 ps bunch).
The limit calculated for transverse motion (by uniformly
charged ellipsoid technique and with the accelerating
potential 300 kV and the vacuum chamber size
20x100 mm) is ~830 pC.
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As it was shown under such values (< 1 nC) of the
bunch charge the batatron tune shift will very small
Av,=-2.02-10"" and Av,=—2.21-10""* per turn.

Finaly the estimation of the microwave instability life
times were done. It was chosen the accelerating cavity
frequency about 3000 MHz (T./Tre=105) and energy
acceptance 3 %. The vacuum chamber form was supposed
to be similar to USSR4 (ESRF-EBS synchrotron vacuum
chamber) project to define the vacuum chamber imped-
ance. The beam current will be limited by ~400 A due to
microwave instability. Characteristic times will be equal
to 23 and 4.2 ms for horizontal and vertical motions cor-
respondently.

CONCLUSION

Current activities on physical models design of a com-
pact monochromatic radiation source in the x-ray range
based on inverse Compton scattering are presented. A
circumference of the storage ring is supposed to be about
11 m. Simulations were done to define the bunch life
times and to study basic non- linearity effects. It was
shown Touschek lifetime will the main limiting factor for
the designed low-energy ring. Estimation gives us TLT is
about 0.1-1.0 ms for different bunch charge, beam energy
and energy acceptance values and it is the lowest from the
set of key lifetimes. The bunch charge should be limited
by 300-400 pC/bunch to have high TLT and weakly influ-
ence on the bunch dynamics.
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