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Abstract

Laser pulses with small spatial and temporal dimensions
can interact with a fraction of the electron bunches circu-
lating in Compton storage rings. We studied synchrotron
dynamics of such bunches when laser photons scatter off
from the electrons with energy higher than the synchronous
energy. In this case of ‘asymmetric cooling’, as shown
theoretically, the stationary energy spread is much smaller
than under conditions of regular scattering; the oscillations
are damped faster. Coherent oscillations of large amplitude
may be damped in one synchrotron period, which makes
this method feasible for injection the bunches into a ring
in the longitudinal phase space. The theoretical results are
validated with simulations.

COMPTON SOURCES AND LIMITATIONS

Compton sources of intense gamma–ray photons have no
competitor, see [1]. One of the most effective among them
is the storage–ring based due to the maximal attainable av-
erage current of the relativistic electrons and the minimal
power of an injector.

The main drawback of the ring–based source stems from
requirement of large energy acceptance of the storage ring
caused by quantum nature of radiation emitted – rela-
tively high energy of gamma quanta emission causes sig-
nificant recoils in momentum of circulating electrons. As
was shown, for the Compton ring with the collision point
(cp) set in the dispersion–free section and a ‘wide’ laser
pulse (uniform distribution of photons within the bunch
volume), partial energy spread induced by Compton inter-
actions alone, reads (see e.g.[2, 3]):

〈
p2
〉
=

7

10
γγlas , (1)

where p ≡ (γi − γ)/γ denotes the electron energy devi-
ation from the synchronous one; γi, γ are Lorentz–factors
for individual electrons and for the synchronous particle,
resp.; γlas = Elas

/
m0c

2 the ratio of the energy of the
laser photon to electron’s rest energy (the equivalent pho-
ton Lorentz factor). This spread is rather high and demands
high rf voltage to keep the electrons steady circulating.

The damping (transition) time in this Compton source
obeys well–known ‘synchrotron damping ratio’: it is equal
to ratio of electrons energy to the radiation losses per unit
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time (per time of scattering off one average photon), ν−1 ≈
2γγlas.

We developed a method to reduce the steady–state
spread by setting up cp in the dispersive section and irradi-
ating the bunches by small–waist laser pulses. This method
enable one to significantly reduce the damping time as well.

FAST ASYMMETRIC DAMPING

Theory

A simple model of fast radiative cooling allows theoret-
ical study. Let us consider a model, in which electrons are
scattering off laser photons if electron’s energy deviation
from the synchronous particle positive, p > 0. Then we
suggest the head–on collision and a uniform laser pulse
density for all p > 0. In addition, small perturbations of
the electrons dynamics are suggested: For the period of
synchrotron oscillations each electron has lost only a rela-
tively small fraction of its energy, Δp � 1. Schematically
collision setup is depicted in Fig.1.
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Figure 1: Trajectories at the collision point with positive
(+Δ), negative (−Δ), and zero deviation of electron’s en-
ergy. Laser–to–electron scattering area dashed (ideal) or in
gray (realistic).

Principle of the asymmetric cooling is as follows. An
average recoil caused by scattering off the photon modifies
the deviation as:

Δ
〈
p2
〉 ≈ −b

[〈p〉
2

+
〈
p2
〉]

+
7

40
b2 , (2)

where b ≡ 4γγlas.
The term in square brackets is responsible for cooling

(damping), the second term for excitation; the steady state
attained at compensation of the excitation by the damping,
Δ
〈
p2
〉
= 0.
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At the symmetric interaction of electrons with the laser
〈p〉 = 0, damping is producing by the quadratic term

〈
p2
〉
.

In the case of asymmetric cooling the linear term becomes
dominant,

〈
p2
〉
/ 〈p〉 ∼ 〈p〉 � 1, which leads to faster

cooling and smaller steady–state spread:

√
〈p2〉as ≈ 7

√
2π

40
γγlas ≈ 0.77 γγlas ; (3)

d
√〈p2〉
dν

≈ −2
√
2

π
γγlas ≈ −0.9 γγlas , (4)

where ν is number of scatters undergone by each electron.
Eq. (2) allows analytic solution for temporal evolution of

the rms spread. The spread as function of the average num-
ber of scatters for Ee = 1GeV, Elas = 1 eV are presented
in Fig.2.

Figure 2: RMS spread vs interactions for asymmetric
(blue) and symmetric (red) cooling (Ee = 1GeV, Elas =
1 eV).

As it can be seen from the figure, asymmetric cooling
provides faster decrease in the spread and lower steady–
state of the energy spread as compared with the symmetric
one.

In real Compton rings it is almost impossible to provide
such a scheme due to two main obstacles:

• Density of the laser photons across the waist is far
from uniform with a sharp edge.

• Due to the transverse (betatron) oscillations, correla-
tion between the transversal position of the electron at
cp and its energy is diluted.

The last item is most severe since the transverse oscil-
lations should be excited while cooling due to jump of the
equilibrium position (see Fig.3).

Simulations
Simulations were done to validate the principle of asym-

metric laser cooling in realistic conditions. A numeric
model was created, which includes interactions of the cir-
culating electron bunch with the 3D gaussian laser pulse at
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Figure 3: Effect of a recoil in (z, p) plane. In the dispersive
section the center of z–oscillations oscillates along Z0(p)
at the synchrotron frequency.

cp located in a dispersive section (see Fig.1). Crossing of
the bunch and the pulse was at a certain angle in the hori-
zontal, (x, y), plane.

Two parameters were controlled in the simulations:

• Dispersion at cp ψ∗: the reference orbit vertical posi-
tion is z0(p) = ψ∗p.

• Shift d of the laser pulse in z–direction from the ref-
erence orbit (shift of the laser ellipse center from the
reference orbit p = 0 in Fig.1): laser’s density
n(z) ∝ exp

[−(z − d)2/2σ2
z

]
.

A prototype of Compton ring dedicated for production
of polarized gammas with maximal energy of 20 MeV was
chosen for simulations. Main parameters are listed in Ta-
ble 1.

Table 1: Main parameters of the electron bunch and the
laser pulse at the collision point

Parameter Value Units

Electron energy 1.06 GeV
Betatron function, βz 1.25 m
Photon energy 1.164 eV
Crossing angle 0.13963 (8 deg)
Pulse length 1.0 mm
Pulse width 20 μm
Pulse height 40 μm
Pulse energy 2 J

Simulated dependencies of the rms spread on the number
of scattered off laser photons by the average electron (c.f.
Fig.2) are presented in Fig.4.

Results of several runs of simulations are presented in
Figs.5,6. Efficiency is defined as the number of photons
scattered off per electron-pass through cp.
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Figure 4: Spread vs interactions at ψ∗ = +0.2mm,
d = +30μm (blue) and d = 0 (red).

Figure 5: Spread and efficiency vs. dispersion at
d = +64μm.

Results of the simulations show significant reduction (al-
most two times) of the steady–state spread as compared
with the symmetric case. Cooling time is also shortened.
The transverse emittance in the direction of dispersion
grows up. Growth of the vertical emittance exhibits Robin-
son’s sum rule for the Compton cooling.

CONCLUSION

The asymmetric laser radiative cooling is capable to
reduce the steady-state spread of electron energy in the
bunches circulating in Compton rings. This makes less de-
manding parameters of the ring–based sources of gamma–
ray beams such as the energy acceptance and required rf
voltage, see [4].

Also construction of low–energy damping rings with the
asymmetric laser cooling may be feasible.

Requirements on the laser system are relaxed compared
with the regular symmetric cooling scheme as far as the
size of the waist cross section is concerned (a ten times
larger waist size may be optimum), but a higher pulse en-

Figure 6: Efficiency (top) and z–emittance (bottom) vs.
laser shift at ψ∗ = +0.2mm.

ergy is required to produce the same number of gamma–ray
photons.
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