
LATTICE DESIGN FOR THE COMPACT X-RAY SOURCE BASED ON 
COMPTON SCATTERING 

 
P. Gladkikh, I. Karnaukhov, S. Kononenko, A. Mytsykov, A. Shcherbakov, Yu. Telegin, 

A. Zelinsky 
NSC KIPT, 61108, Kharkov, Ukraine 

 

Abstract 

A lattice of the modernized electron storage ring N-100 
is designed for the compact X-ray source based on 
Compton back scattering with existing dipole magnets. 
New lattice configuration allows to obtain the transverse 
size of electron beam ∼  35 µm at the interaction point of 
electron and laser and photon flux about 1014 s-1. The basic 
parameters of the new storage ring lattice are given. The 
facility will permit to study the process of laser cooling of 
the electron beam in the storage ring. 

1  INTRODUCTION 
Nowadays in a world are putting an emphasis on 

development and examination of physical principles of a 
compact hard X-rays source of high intensity, based on 
effect of  Compton backscattering (LESR) [1-4]. 

The electron beam is injected to the storage ring, and 
simultaneously, an intense laser pulse is introduced in a 
high - Q-factor optical resonator. The laser pulse path 
length is chosen in such a way as to exactly correspond to 
the revolution period of electron beam. Then, with each 
revolution, electrons collide with a light pulse in the 
resonator focus. The laser pulse in the LESR acts on the 
beam much like a undulator or a wiggler. It possibly leads 
to decrease of beam emittances even at moderate (about 
100 MeV) energies. 

We presented lattice of a storage ring with one focusing 
lens on arcs in [5]. The further consideration has shown, 
that such electromagnetic structure has no necessary 
flexibility at turn of the storage ring operation modes. We 
have developed structure, founded on a focusing triplet in 
a bending arc of an orbit. In the present report the 
parameters of this lattice are described. 

2  CHOICE OF THE LESR LATTICE 
In deciding on a particular lattice of the LESR intended 

for performing experiments on laser cooling of the stored 
beam and on γ generation with the use of Compton 
backscattering, it is necessary to solve the following 
problems: 
• to provide the maximum density of the electron beam 

in the region of its interaction with the photon beam 
(interaction point - IP) stored in the optical resonator; 

• an increase in the electron beam density leads to an 
increase in the nonlinear Coulomb tune shift and in the 
magnification of intrabeam scattering effects; 
therefore, the beam dimensions around the whole 
circumference of the ring must be much greater than at 
the IP. In other words, the lattice must comprise only 
one low-β insertion; 

• the strong focusing of the beam in the low-β insertion 
determines a high natural chromaticity of the ring. The 
presence of only one low-β insertion reduces the 
degree of storage ring symmetry down to N=1 and this 
drastically extends the spectrum of azimuthal 
harmonics of nonlinear perturbations and restricts the 
dynamic aperture (DA). 

In view of these considerations, we have suggested a 
version for reconstruction of the operative storage ring N-
100 [6] in order to carry out Compton backscattering 
experiments. The layout of the focusing structure 
elements are shown schematically in fig. 1. 

The arc lattice and phase advances of betatron 
oscillations are chosen proceeding from the requirements 
of providing optimum conditions for correction of natural 
chromaticity of the ring. The matching of arches and long 
straight sections is accomplished by quadrupole lens 
triplets. The existing bending magnets of the ring N-100 
with a bending angle ϕ = 90° will be used in the proposed 
lattice. 

The momentum compaction factor under operating 
conditions with two dispersion-free long straight sections 
will be high. The equilibrium energy spread during 
Compton photon generation makes up several percent [2] 
and holding such a beam in the facility with a high 
momentum compaction factor calls for great voltages of 
RF power supply. The placement of a sufficient number 
of accelerating structures in the compact facility appears 
impossible. 

The abandonment of the dispersion-free injection 
section makes the solution of this problem possible. In this 
case, the mode of operation of the storage ring can be 
easily varied to control the value of the momentum 
compaction factor. At these operating conditions, the long 
straight section with the IP remains dispersion-free, while 
at the injection section the dispersion function is non-zero. 
Retuning is realized by all quadrupole lenses of the ring, 
while the tunes remain unchanged and the optical 
functions of the ring vary insignificantly (naturally, 
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exclusive of the dispersion function). Among the 
advantages of this mode of operation is the fact that the 
existence of an additional dispersion section makes it 
possible to optimize the task of correcting the natural 
chromaticity of the ring, this being a currently central 
problem for compact rings with great beam energy 
spreads. With the additional high-dispersion section it 
appears possible to weaken the intrabeam scattering 
effects and to diminish the electron beam dimensions that 
have set in. Since returning is carried out at fixed tunes, 
the beam can be stored at operating conditions with a 
dispersion-free injection section, and thereafter the 
operating conditions with a low momentum compaction 
factor can be adjusted. Incidentally, the DA of the storage 
ring permits beam injection at conditions with a lower 
value of momentum compaction factor, too. 

The main parameters of the storage ring for the stored 
beam energy E = 100 MeV are given in table 1 (values 
given in brackets correspond to a low momentum 
compaction factor). The beam parameters with due regard 
for the intrabeam scattering effects were calculated using 
the results of [3]. In the calculations, the coupling 
coefficient of vertical and radial betatron oscillations was 
put to be 0.1. The stored current in the bunch was 
assumed to be 10 mA (~ 2.5·109 particles). 
Table 1. Main parameters of the storage ring 

Parameter Value 
Operating energy range [MeV] 40-250 
Injection energy [MeV] 70 
Circumference [m] 13.7164 
Tunes:  

horizontal, Qx 3.427 
vertical, Qz 3.149 

Amplitude functions at IP [cm]:  
horizontal, βx 3 
vertical, βz 2.5 

RF voltage amplitude [MW] 0.4 
RF frequency [MHz] 699.28 
Harmonic number h 32 
Momentum compaction factor, α .099[0.006 ] 
Synchrotron oscillation tune, Qs 0.041 
Energy acceptance, [%] ±3[12] 
Emittance εx , [nm] 14.7[13.7] 
Horizontal beam size at IP with IBS, [µm] 120 

Natural chromaticity:  
in horizontal plane, ξx -6.658 
in vertical plane, ξz -13.856 

Fig. 2 shows the amplitude and dispersion functions for 
the operating conditions with momentum compaction 
factor α = 0.0061. 

The DA size is calculated for injection azimuth are set 
about ±22 mm and ±30 mm in horizontal and vertical 
planes, respectively (energy spread δ=±1.5%). The DA 
size are approximately coincident with the physical 
aperture and are quite sufficient for realizing injection, 
beam storage and conducting physical experiments. 

3  OPTICAL EQUIPMENT OF THE LESR 
The straight section of the storage ring and the half-axis 

of the optical resonator are aligned. The resonator is 
formed by two high-quality mirrors and with the 
reflection coefficients close to unity. The doubled spacing 
between the resonator mirrors is equal to the electron orbit 
length in the storage ring. The single-mode laser generates 
light pulses of 50 ns length (light bunch length σf = 15 
mm), with a pulse-repetition frequency f ~ 104 and an 
average power P = 100 W (flash energy being about 10 
mJ). The laser active element is manufactured from an 
yttrium-aluminium garnet crystal activated with 
neodymium (Nd: YAG). The wavelength of the main 
harmonic is λ = 1.06 µm. The photon beam is focused so 
that its minimum transverse size is achieved in the middle 
of the interaction region. 

4  PARAMETERS OF ELECTRON AND 
PHOTON BEAMS 

Proceeding from the parameters of storage ring and 
optical equipment as given in the previous sections, as 
well as from the consideration presented in [2], we can 
estimate the parameters of the electron beam and the 
photon beam in the LESR N-100 for the electron beam 
energy E = 100 MeV, the photon energy in the beam εγ0 = 
1.17 eV (this corresponding to the laser wavelength of 
1.06 µm - Nd: YAG laser). 

For the given laser flash energy EL =10 mJ, the number 
of photons in the flash will be nγ = 5.33·1016. The average 
energy loss by the electron on its interaction with the laser 
flash photon is εγ ~ 100 KeV, and the average energy 
losses by the electron beam per turn are given by 
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where  σc – Compton scattering cross-section, 
 σx – horizontal size of electron beam. 
At a stored beam energy E = 100 MeV, the synchrotron 

radiation losses make up 17.7 eV. This will permit 
experimental verification of laser cooling effects. 

The balance between the damping rate and the growth 
rate of transverse emittance gives the values of minimum 
normalized transverse emittances: 
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* - amplitude function in IP. 
At Compton scattering the energy spread in the beam 

increases because of energy fluctuations of scattered 
electrons. The energy spread that set in is given by: 
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≡  ≈1.8 % 

For the RF acceptance σRF = 12% the quantum lifetime 
will be τq ~ 450 s, this being quite sufficient for 
conducting experiments. 
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Figure. 1. Layout of the storage ring. 

 
 
At a particle number in the bunch Ne ~ 2.5·109, a mirror 

reflectivity of 0.9999, the beam size at the IP σx ~ 35 µm 
and the laser pulse frequency f = 104, the total number of 
Compton photons will make up Nγ ~ 2.0·1014 s-1. An 
increase in the energy spread of the electron beam as it 
interacts with the laser photon beam will depress the 
intrabeam scattering effects, and this must cause the 
Compton photon yield to increase. 
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Figure. 3. Dynamic aperture of the storage ring at 
injection azimuth. 

5  CONCLUSION 
A scheme of re-designing the electron storage ring N-

100 to generate backward Compton gamma-quanta with 
an intensity of ~ 1014 s-1 is proposed. The facility can 
provide high-intensity γ beams over a wide energy range 
due to both the variation in the wavelength of laser light 
and energy readjustment of the electron storage ring. The 
facility will permit research into the process of laser 
cooling of the electron beam in the storage ring.   REFERENCES 
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Figure 2. Lattice focusing functions. 
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