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Test of OSC in Fermilab (2) 

 
� Major parameters  

i 100 MeV (J≈200) electrons  
i Basic wave length – 2.2 Pm  

x 7 periods undulators  
� Two modes of operation 

i Passive – Optical telescope with suppression of depth of field  
i Active  - ~7 dB optical amplifier  

� Only longitudinal kicks are effective 
i Requires s-x coupling for horizontal cooling  
i and x-y coupling for  vertical cooling 
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attention to the importance of taking into account the quantum nature of the emission of UWP and
to the grouping of particles in equilibrium regions with different energies [4].
    The main feature of the methods of optical stochastic cooling in comparison with the classical
scheme [1], is that in the optical methods the signal (UWP) does not bear a DC component and it is
a harmonically varying function of time (longitudinal coordinate) at distances much smaller, than
the bunch length. By analogy with the classical scheme [1], the particle beam cooling occurs due
to the interaction of particles with theirs own amplified UWP in the field of kicker undulator, lead-
ing to a change in the energy of these particles (see item 3). For doing this, the kicker undulator is
located at the place of orbit, where there is a dependence of the transverse position of particle on
the energy (dispersion), see Figure 2.

Figure 1. Scheme of optical cooling (above) and its disclosed optical structure (below).

   It is thus seen that the circuit of (optical) stochastic cooling is some kind of feedback serving the
loop: beam- amplifier-beam.

Figure 2. The way to arrange a transverse kick by changing the energy of particle. Such phasing of
betatron oscillations and dispersion function delivers simultaneous cooling of betatron oscillations
and the energy spread.
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Introduction to OSC

Formalism not explicitly dependent on charged particle type

• Transit-time method of optical stochastic cooling:
– Reduce momentum spread; transverse cooling through dispersion

• Analogous to stochastic cooling using undulator radiation
• Increase of system bandwidth by 4 orders of magnitude compared with 

microwave stochastic cooling reduces cooling time

Particle in first undulator 
emits coherent light pulse 
of length N

Light pulse delayed and amplified
Particle receives longitudinal 
kick from own amplified light 
pulse in 2nd undulator

N         S          N          S         N Charged particle 
beam delayed

by magnetic bypass
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Angular Deflection

The B field is assumed to be sinusoidal with period

Integrate once to find which is the horizontal angular 
deflection from the s axis

Therefore, the peak angular deflection is

Define the deflection parameter

(B0 in T, u in m)
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Undulator equation implications

The wavelength primarily depends on the period and the 
energy but also on K and the observation angle .

If we change B we can change . For this reason, undulators 
are built with smoothly adjustable B field. The amount of the 
adjustability sets the tuning range of the undulator.

Note. What happens to as B increases?

B0	
  =	
  750	
  G	
  
λu	
  =	
  0.4	
  m	
  
K	
  =	
  2.8	
  
	
  
E	
  =	
  0.5	
  GeV	
  =>	
  γ	
  =	
  1000	
  =>	
  λ =	
  1	
  µm	
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•  Delay	
  bypass	
  beam	
  line	
  
o  Delay	
  electron	
  beam	
  by	
  about	
  2mm/c	
  to	
  compensate	
  for	
  *me	
  delay	
  of	
  

op*cal	
  amplifier	
  and	
  
o  Couple	
  transverse	
  phase	
  space	
  to	
  longitudinal	
  posi*on	
  to	
  enable	
  cooling	
  
o  Tolerances	
  consistent	
  with	
  op*cal	
  wavelength	
  (~1	
  micron)	
  

•  Low	
  energy	
  (<0.5	
  GeV)	
  opera*on	
  of	
  CESR	
  
o  La\ce	
  design	
  
o  Injec*on	
  	
  
o  Power	
  supply	
  stability,	
  quads	
  and	
  dipole	
  
o  Undulators	
  
o  IBS	
  

•  Demonstra*on	
  of	
  interac*on	
  of	
  radia*on	
  from	
  pickup	
  undulator	
  with	
  radia*on	
  
in	
  kicker	
  as	
  a	
  func*on	
  of	
  delay	
  
o  Detector?	
  

•  Op*cs	
  and	
  op*cal	
  amplifier	
  amplifier	
  
•  Demonstra*on	
  of	
  cooling	
  

Components	
  of	
  OSC	
  experiment	
  



•  What	
  is	
  the	
  op*cal	
  error	
  tolerance	
  of	
  the	
  delay	
  bypass?	
  
•  What	
  are	
  the	
  alignment	
  tolerances?	
  
•  What	
  is	
  the	
  intensity	
  of	
  the	
  radia*on	
  for	
  the	
  rela*vely	
  low	
  bunch	
  charge	
  

that	
  we	
  expect	
  to	
  circulate?	
  
•  What	
  is	
  the	
  op*mal	
  wavelength	
  for	
  the	
  op*cal	
  radia*on?	
  
•  What	
  is	
  the	
  op*mal	
  undulator	
  magne*c	
  field?	
  
•  What	
  kind	
  of	
  signal	
  do	
  we	
  expect	
  to	
  see?	
  
•  Is	
  there	
  sufficient	
  mixing?	
  
•  What	
  is	
  the	
  op*mal	
  emicance,	
  energy	
  spread,	
  bunch	
  length?	
  
•  Gradient	
  undulator	
  or	
  dipole	
  undulator?	
  

It	
  is	
  essen*al	
  that	
  we	
  demonstrate	
  the	
  efficacy	
  and	
  tolerances	
  of	
  our	
  
design	
  in	
  simula*on	
  
	
  
=>	
  Code	
  for	
  modeling	
  radia*on	
  and	
  absorp*on	
  by	
  electrons	
  
	
  	
  

Some	
  ques*ons	
  that	
  require	
  new	
  modeling	
  tools	
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wavelength. As noted above, cooling rate scales inversely with wavelength. However, 
acceptance of the bypass, and the initial emittance and energy spread, are bound from below by 
the wavelength and as we will see, a longer wavelength system is more forgiving. Finally, the 
wavelength is necessarily compatible with available of optics and amplifiers. We consider λ=1µ. 
The wavelength of the first harmonic of an undulator with period λu is λ = !!

!!! 1 + !
!K

! + γ!θ!  

where the!!!K = !!!"#!!
!"!"  and γ = Ε/mc2.  Power is peaked at the first harmonic in the forward 

direction for K~1. At beam energy of 500 MeV, λ=1µ corresponds to undulator period of 0.5m, 
and K= 2.4. Evidently, wavelength of the first harmonics shrinks rapidly with beam energy, thus 
favoring the very low energy extreme of the CESR operating range.   

CESR Lattice (year 1) The OSC bypass will be installed in the 18 meter straight in the 'north' 
area of the storage ring. An example of bypass chicane layout and optics, with parameters 
suitable for an experimental test of the transit time method is shown in Figure 3. The energy kick 
is δp/p= -ξsin(kΔs) where Δs = ΣiR5ixi.  Because of the nonlinear dependence of kick on Δs, there 
is a limited range of emittance and energy spread over which there is effective cooling.  If the 
spread of betatron amplitudes of the particles in the packet defined by the bandwidth 
wavelength, is such that R51σx + R52σx, + R56σE > λ, or R56 σE > λ then a significant fraction of the 
particles are outside the cooling region. The maximum emittance and energy spread within the 
cooling region for bandwidth wavenumber k are given by [23,9]               

!!"# = !!!
!! !!!"! !!!!!!"!!!"! !!!! !!"!

,   ∆!
! max

= !!
! !!!"!

  where µ=2.405 is the first root of the 

bessel function J0(x) and k =optical wave number. Defining !! = !
!!"#

  and !! = 
∆!
! max
!!

 , we see 

that the tolerable bandwidth scales inversely with the equilibrium emittance and energy spread.  

A number of considerations inform the choice of ring lattice parameters suitable for a cooling 
demonstration. The CESR lattice and control system offers the requisite flexibility. Radiation 
damping time can be tuned independently of beam energy using the installed superconducting 
damping wigglers. The 100 ring quadrupoles (and sextupoles) are all independently powered 
allowing a wide range of lattice parameters. For the low emittance rings program (CesrTA),  

Table 1. Test lattice and cooling parameters 

Beam Energy [GeV] 0.5  (Δp/p)max X 10-4 3.7 (ns= 1.85) 

ε [nm-rad] (radiation) 0.5  Wiggler period [m] 0.43 

(Δp/p) X 10-4 2.01  Wiggler peak field [T] 0.07 

Radiation damping times [s] 
(τx/τz) [sec] 

2.9/1.4  OSC Undulator  parameter [K] 2.8 

Bmax  (Damping Wigglers) [T] 0.5  Radiation wavelength λ [nm] 1130 

Chicane delay [mm] 2.0  Particles/bunch 2 X 109 

R51/R52/R56 X 10-4 3.7/-7.2/24.4  Bunch length [mm] 10 

εmax [nm-rad] 16 (nx = 32)  OSC cooling time τx/τz [sec] 3.5/0.5 

CESR operated from 1.8GeV to 5.3GeV. The OSC test will be at somewhat lower energy, and 
we give an example 0.5GeV lattice, shown in Figure 3(right) with the corresponding bypass 
layout in Figure 3(left). The relevant lattice and bypass parameters are shown in Table 1. The 
emittance can be increased by as much as an order of magnitude, as required by the 
experimental program, by simply introducing dispersion into the wiggler straights. The relatively 
long radiation damping time (~2 seconds) is convenient as it enhances sensitivity to the effect of 

CESR	
  	
  TA	
  configura*on	
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Ac*vity 	
   	
   	
   	
   	
   	
   	
  Start	
  date	
  
	
  
1.  La\ce	
  design	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  9/17	
  
2.  Bypass	
  op*cs	
  design	
  -­‐	
   	
   	
   	
   	
   	
   	
   	
  10/17	
  
3.  Develop	
  code	
  and	
  simulate	
  cooling	
  60	
  days 	
   	
   	
  10/17	
  
4.  Test	
  of	
  low	
  energy	
  opera*on	
  of	
  CESR	
   	
   	
   	
   	
  12/17	
  
5.  Bypass	
  line	
  magnet	
  design	
  -­‐	
   	
   	
   	
   	
   	
   	
  1/18	
  
6.  Pickup/kicker	
  undulator	
  design	
   	
   	
   	
   	
   	
  1/18	
  
7.  Bypass	
  line	
  vacuum	
  component	
  design	
   	
   	
   	
   	
  4/18	
  
8.  Second	
  test	
  of	
  low	
  energy	
  opera*on 	
  	
   	
   	
   	
  4/18	
  
9.  Bypass	
  line	
  engineering	
  design	
  -­‐	
   	
   	
   	
   	
   	
  6/18	
  
10.  Undulator	
  engineering	
  design	
   	
   	
   	
   	
   	
  6/18	
  

11.  Undulator	
  fabrica*on 	
   	
   	
   	
   	
   	
   	
  10/18	
  
12.  Bypass	
  line	
  magnet	
  fabrica*on	
   	
   	
   	
   	
   	
  10/18	
  
13.  Bypass	
  line	
  vacuum	
  fab	
   	
   	
   	
   	
   	
   	
  11/18	
  
14.  Fabricate	
  support	
  stands	
  for	
  	
  bypass 	
   	
   	
   	
  1/19	
  
15.  Design	
  op*cal	
  amplifier	
   	
   	
  	
   	
   	
   	
   	
  1/19	
  
16.  Test	
  low	
  energy	
  op*cs	
  in	
  CHESS-­‐U	
  configura*on 	
   	
  4/19	
  
17.  Design	
  op*cal	
  detector	
  to	
  measure	
  interference 	
   	
  5/19	
  
18.  Installa*on	
  of	
  delay	
  bypass 	
   	
   	
   	
   	
   	
  7/19	
  
19.  Commission	
  bypass	
  and	
  demonstrate	
  interference 	
   	
  12/19	
  
20.  Install	
  op*cal	
  amplifier	
  and	
  laser	
  and	
  detector 	
   	
  1/20	
  
21.  Demonstrate	
  cooling	
  (machine	
  studies) 	
   	
   	
   	
  4/20	
  

Schedule	
  



CHESS	
  U	
  750	
  MeV	
  
	
   10	
  chess	
  U	
  undulators	
  at	
  0.95T	
  

750	
  MeV	
  
Damping	
  *me	
  0.72	
  sec	
  
Emicance	
  52	
  pm	
  
V_RF=0.6MV	
  =>	
  sigma_l=8.1mm	
  



CHESS	
  U	
  750	
  MeV	
  
	
   10	
  chess	
  U	
  undulators	
  at	
  0.45T	
  

300	
  MeV	
  
Damping	
  *me	
  8.3	
  sec	
  
Emicance	
  6.5	
  pm	
  
V_RF=0.6MV	
  =>	
  sigma_l=2.2mm	
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Figure 2: To determination of the offset value. Shorter the base L is–less offset required.   
 

     For the scheme when all equipment located in L0 (South Area in Fig.3), two wigglers 
installed closer to the center, need to be removed (see Section 3 below).  
      For easy switch between SR operation and OSC experiment we suggest to install two 
magnets, lenses and optical amplifier at movable platform, so it could be moved in vertical 
direction. The technique for exchange the lines without interruption of vacuum is well known 
(used in E-166 for example). 

 
3. LOCATION AND COMPONENTS 

There are two places at CESR suitable for this experiment. One located at the North area, at 
L3, the other one at the South, at L0 see Figure 3. In last variant some equipment could be 
shared with CESR-TA experiment, see Figure 4. 

 

 
Figure 3: Possible locations for equipment at CESR. Location at the North area is preferable.  

 5

 
Figure 4: Beam chicane setup in L0, South Area. Detector CLEO yoke resides at the same 
place. This setup uses SC wigglers fabricated for CESR-C operation and used in CESR-TA 
program. Two central wigglers removed. If new made undulators used, they could be installed 
instead of these two shown here (at each side).  

 

 
 

Figure 5: Beam chicane setup at North area with new-made undulators. The same setup could 
be used in L0, South Area; previous Figure.   

 
 

 
Figure 6: Existing chicane setup at North area used for CESR-TA experiments [16]. 

 



OPTICAL STOCHASTIC COOLING IN A LOW ENERGY ELECTRON
STORAGE RING FOR A COMPACT X-RAY SOURCE∗

Xiaozhe Shen, Peicheng Yu† , Wenhui Huang, Chuanxiang Tang
Accelerator Laboratory, Department of Engineering Physics,

Tsinghua University, Beijing 100084, China

Abstract
We present the feasibility study of utilizing the Optical

Stochastic Cooling (OSC) in a low energy electron storage
ring for a compact x-ray source. Owing to the strong effect
of the Intrabeam scattering (IBS) and Compton scattering
(CS), the equilibrium parameters of the electron beam de-
teriorate rapidly, which might significantly affect the x-ray
photon yield. By utilizing the OSC approach we are able
to optimize the beam parameters and enhance the average
intensity of the scattered photon yield. Main lattice de-
sign, OSC insertion design, and simulations involving IBS,
OSC, Synchrotron radiation (SR), and CS are presented in
this paper.

INTRODUCTION
Optical Stochastic Cooling (OSC), proposed by

Mikhailichenko and Zolotorev [1], provides a competitive
method to damp the transverse and longitudinal emittance
of the charged beams in a storage ring. The transit-time
method of OSC was proposed by Zolotorev and Zholents
[2]. Lee and co-workers [3] developed the formalisms and
pointed out that the transit-time method would be benefi-
cial to low energy electron beams and proton beam with
the energy around 1 TeV. Several laboratories are con-
ducting research actively to demonstrate experimentally
the principles of the OSC [4, 5, 6].
In this paper, we present a feasibility study to apply

the OSC to a low energy compact laser electron storage
ring (LESR), which is utilized as part of a Compton x-ray
source [7]. The circumference of the ring is about 15 m,
and the electron energy is 50 MeV. The main parame-
ters of the ring are listed in Tab. 1. Owing to the strong
effects of Intrabeam scattering (IBS) and Compton scatter-
ing (CS) in this storage ring, the beam emittance would
grow rapidly in all three directions in the steady mode of
the LESR, in which the electron beam is stored for a long
period of time. In the horizontal direction, the equilibrium
would reach 1.5 × 10−6 m owing to the strong IBS effect;
while in the longitudinal direction, the energy spread would
arrive at about 1%, mainly due to the effect of CS. Hence,
there is a desire to counter-balance these excitation factors
in the storage ring and minimize the beam emittance by a
fast cooling method, in order to optimize the scattered x-

∗Work supported by the Chinese National Foundation of Natural Sci-
ences under Contract no. 10735050, and 10805031.

† tpc02@mails.thu.edu.cn

ray photon yield.

Table 1: Beam parameters for the LESR.
Parameters Values
Electron energy (Es),MeV 50
Circumference,m 15
Initial beam
Horizontal emittance (ϵx), nm 20
Energy spread (σp) 0.16%
Bunch length (lb),mm 5.5

Equilibrium (CS / without CS)
Horizontal emittance (ϵx), µm 1.3/7.8
Energy spread (σp) 0.8% / 0.32%

MAIN LATTICE
The ring layout is presented in Fig. 1. We place the OSC

insertion device in the upper long straight section of the
ring, while placing the RF cavity, Interaction Point, and
the injection system at the lower one. We keep the lower
straight section dispersion-free to ensure beam stability,
and adjust the dispersion of the upper straight section to
Dx = 0.13 m to obtain the maximal cooling rate [8].

Figure 1: General layout of the storage ring with the OSC
insertion.

OSC INSERTION DESIGN
We follow the standard Chicane design with four dipoles

and two quadrupoles placed symmetrically at the upper
long straight section. In order to obtain an efficient cool-
ing effect, we choose the optimized values of the elements

FR5PFP034 Proceedings of PAC09, Vancouver, BC, Canada
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Introduction to OSC

Formalism not explicitly dependent on charged particle type

• Transit-time method of optical stochastic cooling:
– Reduce momentum spread; transverse cooling through dispersion

• Analogous to stochastic cooling using undulator radiation
• Increase of system bandwidth by 4 orders of magnitude compared with 

microwave stochastic cooling reduces cooling time

Particle in first undulator 
emits coherent light pulse 
of length N

Light pulse delayed and amplified
Particle receives longitudinal 
kick from own amplified light 
pulse in 2nd undulator

N         S          N          S         N Charged particle 
beam delayed

by magnetic bypass


