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1 INTRODUCTION

A method of Optical Stochastic Cooling (OSC) of pro-
tons/antiprotons and heavy ions in high energy colliders
has been recently proposed [1], [2] to achieve much shorter
damping time than in conventional microwave stochastic
cooling. According to [2], (see also [3] for details on the
method of stochastic cooling), stochastic cooling damping
time can be written as:

τ ≃ Nb
Π

∆fσz
, (1)

where Nb is the number of particles in the bunch, Π is the
circumference of the ring (we assume one cooling system),
σz is the rms bunch length, and∆f is the bandwidth of the
amplifier.1 Clearly, for a fast cooling it is crucial to have
a maximum possible ∆f . Remarkably, currently available
mediums for optical amplification possess bandwidths up
to 1014 Hz [4], which is superior to any other amplifier.
Recall that cooling insertion into a storage ring consists

of a pick-up undulator, bypass lattice, and kicker undulator.
Relativistic beam particles radiate a light signal in a pick-up

Figure 1: A schematic drawing of the cooling insertion into
a storage ring for OSC.
undulator and proceed into the bypass which has a proper
path length to provide the time delay needed for light am-
plification. Then, particles meet their own amplified radia-
tion in the kicker undulator where they receive a correcting
kick. The optical amplifier is located between the undu-
lators. In practice, achieving a large difference (say, more
than several tens of centimeters) between beam and light
paths is difficult and time spent in the amplifier should be
minimized. Therefore, we consider a single pass amplifier
consisting of few high gain amplification stages.
The intent of this paper is to study specific features of

application of the optical amplifier in stochastic cooling.
We have found that this is convenient to do using practical
examples, and for them we choose cooling of antiprotons
in the TEVATRON collider[5] and cooling of electrons in
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1In a general case∆f is the bandwidth of a whole system that includes

pick-up, amplifier and kicker, but in OSC it is the amplifier that determines
the overall bandwidth.

the electron storage ring DELTA[6], although, there are no
known for us plans to use OSC on these machines. Table
(1) contains lists of parameters for both rings.

Table 1: Beam and ring parameters.

Storage ring TEVATRON[5] DELTA[6]
Type of particles p̄ e
Revolution frequency, f0 [kHz] 49.5 2604
Number of bunches,m 36 1
Number of particles per bunch 1× 1010 1 × 109

Beam energy, E [GeV] 1000 0.3
Energy spread, σe 3× 10−4 8 × 10−4

Bunch length, σz [cm] 45 2

2 AMPLIFIER FOR COOLING OF
ANTIPROTONS

Damping time calculated for the TEVATRON using Eq.(1)
is ∼ 3 sec, but an amplifier with the average power P ≃
4 × 105 W would be required for such a fast damping. In
this paper we consider much modest (and feasible with the
current technology) amplifier with P ≃ 2W. Then, instead
of 3 sec, damping time becomes ∼23 min. (Damping time
scales with the amplifier power as P−1/2 [2]).
Table (2) contains optical properties of Ti:sapphire. We

choose this material as the amplifier medium because of its
wide bandwidth (one of the best among optical amplifiers)
and because of its relatively long flourescense lifetime.

Table 2: Optical properties of Ti:sapphire at 300 K.

Property Value Ref.
Refractive index, n 1.76 [4]
Temp. coefficient a), dn/dT 1.3 × 10−5 K−1 [7]

1.4 × 10−6 K−1 [8]
Saturation intensity, Is 2.4 × 105 W/cm2 [4]
Quantum efficiency, η 0.9 [4]
Flourescence peak, λf 780 nm [4]
Flourescence lifetime, τf 3.2 µs [4]
Bandwidth, FWHM,∆ωa/2π 1014 Hz [4]

a) There is a discrepancy in the data cited in Ref. [7] and Ref. [8].

As a pump source for Ti:sapphire, we consider a cw
argon-ion laser with 15 W of power operated at λAr = 514
nm. This laser will produce∼ 10W of the available power
in Ti:sapphire at λf = 780 nm. (The remaining 5 W,
which accounts for a difference between absorption pho-
ton energy and flourescence photon energy and quantum
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