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This paper describes a compact damping ring, which is 

able to demonstrate the optical stochastic cooling (OSC). In 
principle the OSC is a stochastic cooling method but with 
the bandwidth estended to the optical range of the order 
lOI Hz. The quadrupole and dipole wiggler serve as a 
pickup and a kicker. An optical amplifier is used for 
amplifying the transverse temperature signal from 
quadrupole wiggler. The bend between quadnlpole 
wiggler and dipole wiggler, installed in this damping ring, 
satisfy the mixing requirements. The optical amplifier 
requirements for this scheme are considered also. 

The Optical Stochastic Cooling (0%) method [l], is a 
version of the well known stochastic cooling method 121 but 
with the carrier frequency in the optical range, with a 
corresponding optical bandwidth. The quadrupole wiggler 
and optical amplifier are the analogues of the ordinary pickup 
and broadband amplifier. Another important item in OSC is 
that the transverse kick arranged through the energy change 
in dipole wiggler, is positioned at a place of non zero 
dispersion. This is basically the same as the cooling with a 
longitudinal kicker. The reason for this is connected with the 
cancellation the transverse kick from electric and magnetic 
field of a plane wave, propagating co-directionally with the 
beam. The quadmpole and dipole wiggler have the same 
number of periods M, and the undulator factor of dipole 
wiggler is K. 
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Fig. 1. The basis of Optical Stochastic Cooling Method 

Considerations made [l] show that the amplification K of 
radiated field must be 

1 E, 1 Af 
KZ------a 4 r, N f 

where r. = e2 /mc2, E, = yQw/‘E is the invariant 

longitudinal emittance, N is total number of the particles and 
the cross-section of the beam S is estimated as 

S g ~4: z 27rJ.I~%~. AJ- is the number of periods in the 
wiggler, I, is a half period. In the last expression we used the 
optimal beam size as the transverse size of coherence. The 
dispersion function was also estimated 7~ A, ,;(a ’ EJ, 
where ,A, is the amplitude of betatron oscillations. 
(AE / E)is the energy spread in the beam and M G J / g. 
If we substitute N z 1.10’, f, I 5 cm. M = 5, (&‘,‘E) E 
1.10’ and yzSO0 (250 MeV), we obtain K z l-10* for 
an electron damping ring which is well below the K E IO‘, 
the typical amplification factor [3]. For the above parameters, 
the peak pulsed power required is Ph, z 225 W at an 

average power of PAW 2 0.75 W, assuming a repetition rate of 
f, z 20 MHZ. The number of the particles in the 
bandwidth will lx IV. z M&V /I, z IO’, and the damping 
time will be 7 z Ku iA z 5.10dsec. 

In our case the peak and average power is rather small. 
For amplification the Dye amplifier as well as Titanium 
Sapphire (Tir.41,0,) pumped by Ar laser can be used 
Considerations show, that three stages of amplification is 
enough for our purposes The central wavelength of Titanium 
Sapphire amplifier is about ;1 E 0.X l~rn The wig&r 
period R” must concspond to this walrlength 
RU 3 J2yz ,I (1 +K2) , which for the parameters discussed 
above gives 20 cm. This is both for period of dipole and 
quadrupole wiggler (period of FODO structure). The field in 
dipole wiggler is = 500 G. 

Generally, the damping ring described below is a kind of 
isochronous ring. The difference is that the only one part of 
the damping ring is an isochronous one. This gives an 
advantage for keeping the desirable momentum compactton 
factor, and hence the length of the beam. The damping rings 
described in [7J are in line with the investigations of this 
paper. 

The basic interest of a damping ring with OSC equipment 
is the possibility to generate small emittances for electrons 
and positrons as well as for p mesons and heavy ions. 

The total number of radiated photons in the bandwidth 
per one pass is .&V 2 a#, [5], where a = e’/hc is the fine 
structure constant. The noise of an amplifier is of the order 
of one photon per volume of coherence. This corresponds to 
one photon per bandwidth. 

The equations which define the equilibrium emittance 
in the damping ring are as follows 

ds 2; 
dt 
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.vhere r, , 1 is the time of cooling by sgnchrotron 
adiation and OX correspondly, 

1 ? 
N’,Y = p. a;, + (P./L, ( ’ - $?lil,,l’) 

0 is the envelope functions, ‘7 x ,.’ is the dispersion ‘.Y 
Functron. and rf,,, its derivative. The averaging (<...>I 

IS made over the longitudinal distance. while x and 4’ denote 
two transverse coordinates. 

The energy spread is defined by the relation 

$($),f = $($)‘f& + $ t$& 

composed of two definite components, denoted by the 
subscripts QE - quantum excitations and IBS-intra-beam 
scattering Due to cooling 

~(~,2=$(~,:-/~)2/~+~, 
2 5 

The increase in the energy spread due to IBS can be 
expressed as 

Nro2 aLnc . c 

?E,J+VFAX 

where CT, =,bJx + ~(AE/E)2, Ln, is the 
Coulomb’s ~ogarithrn, o, I 1, i 2 The increase in the 
energy spread attributable to QE can be approximated by [S] 

where p is the bending radius. The equilibrium emittance is 
defined by the conditions 

Thus, as the energy is lowered the source of excitation of 
the transverse emittance from synchrotron radiation is 
also reduced by 11’ $ for fixed radius, and the efictive 
time 

L+1,1, 
r, r r 

is the time of OSC. The formulas represented above are used 
for numerical calculations of the emittances. 

The primary source of heat for the beam is intra- 
beam scattering (IBS). Because the damping times with OSC 
are practically independent of the envelope functions in the 
damping ring the optimization of this ring must be done at 
relatively lower energy in order to minimize of IBS. 

The most important thing for OSC in the lengthening 
of the trajectory from the pick up to the kicker. The 
lengthening dl in the fist order can bc e.xpressed as 
following [S] 

&-‘-5-j~=- I op 
+d-X@S-$~$S, 

where D(s) is the dispersion. and the trajectoq expressed 
as 

D(s) = -S(s) -do+ Cfsj -do, I 
r s 

BP 5 0 P 
x(s) = x,C(s) + x$?(s) i- D(S) Ay .I y = 

=r,C(s)~x,gS~s)+(~(~}C~~~(s)S~D~(s))d~’y 

x’(s) = x,C’(s)+x;S’(s)+ D’(s)Ayi y. 
P(S) is the actual bending radius of the trajectory in the 

magnets used in the system. C(s),S(s) are cosine and 
sinelike trajectories and 7 is the dispersion function of the 
ring. In the expression for x(s) these were separated for the 
betatron and dispersion components of the damping ring 
For both the transverse horizontal and longitudinal cooling 
simultaneously, following [4] one need to satisfy the 
condition D(s,) = 2 v which yields A/ = -2x:7 Namely for 
eliminating this effect of initial emittance we used here a soft 
focusing damping ring with a scraper at the extraction point. 

In our calculations we have taken into account only the 
first order over Ay /y due to very small energy spread of 
injected beam, with the second order terms being out of 
possible resolution ( = 10 -’ ). 
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Fig. 2. Damping ring with injection complex 
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In conventional schemes, all particles in the sample get the 
same kick. In optical stochastic cooling, the particles get 
a kick dependent on the phase of the electromagnetic wave. 
produced by the sample, and time of entering of the particle 
m the kicker, 

For optical stochastic cooling the mixing problem does 
not cause any additional difficulties due to the short length of 
the sample, corresponding to the bandwidth and the 
remaining synchrotron radiation. 

The damping ring complex is represented in Fig. 2. 
Here the injector is a thermionic gun producing the beam, 
which is accelerated in the Linear Accelerator. After that the 
beam goes into the soft focusing synchrotron. The extracted 
beam. which is scraped in a diaphragm goes to the main 
ring. The main ring is basically a racetrack type with three 
magnet bends. The bending magnets are interlaced by 
triplets On one bend is positioned the optical bypass, which 
includes mirrors, active cells and a trombone for adjusting 
the general delay. 

The one turn injection system consists of pulsed injection 
septum and inflector, placed at a quarter of a wavelength of 
betatron oscillation. The damping ring also contains the one 
turn extraction system for further possible utilization. 
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Fig.3. The Floquet functions, the dispersion function, C* (s), 
g (s) for horizontal motion. The wigglers are not represented. 

Parameters of the soft focusing damping ring are the 
following: 
E ..................... 300 MeV Circumference ...... 460 cm 
f o ................... 65 MHz y-s,. ................ 8.2 lo4 m rad 
Q, a Q, ............. 0.88 YE,. ............... 1.1 10mm9 m rad 

(AE/ E)QE ..... 0.00037 iv.. ................ 3.1o’O 
r,. .................. 0.006 set U, .............. 2.2 kV 

The number of the particles, mentioned above, corresponds to 
the current 300 mA. Further the number of the particles will 

be N = 10’ after the scraper. Parameters of the main 
damping ring are the following: 

Ii ..__.._.......... 300 MeV Circumference ._..__ 1596.0 cm 
/o..,......... 18.8 MHz YE, .._ _____ 4.4 10eJ m rad 
Q. e Q~.,........... 2.98, 2.69 y& ,v........ .._._ 2.5 lo-” m rad 

(AU EjeE __.. 0.00032 N 1.10* 
rz................... 0.025 set U, ._. 3.0 kV 

Emittances for both damping rings are calculated taking into 
account lBS both for vertical and horizontal directions. These 
calculations made numerically, take into account the real 
envelope functions in the damping ring. For the main ring 
the damping time due to OSC was take as 1 millisecond. The 
physical restriction for coupling of transverse motion is IBS, 
which has a level a s 5.10~. The envelope functions of 

main damping ring arc reprcsentcd in Fig.3. The OSC could 
be a first test for vertical emittance, where the lengthening 
limitations are weaker. 

In conclusion the author would like to thank S.Heifets, 
T. Raubenheimer. A.A. Zholents. M.S. Zelotorcv for useful 
discussions. 
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