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CR\RESR

RESR ring

Collector Ring

From Antiproton Separator
Cycle Time=10 sec 
(5 sec)

 Collector Ring & RESR Ring

3 GeV, N=1e8 Antiproton Cooling & 
Stacking with 2 Rings

Collector Ring
Circumference  216.25 m 
Phase slipping factor  0.0107
Bunch Rotation  Dp/p +/-3%(Uniform) -> 2.45e-3(rms)
Stochastic Cooling Dp/p 2.5e-3 -> 2.0e-4 (rms)

RESR Ring
Circumference  239.9 m
Phase slipping factor  0.03-0.11
Stochastic stacking  Up to 1e11 pbar (1000 stacking)
Deceleration 3 GeV-100 MeV (with Ecool)

M. Steck et al., “The Concept of Antiproton Accumulation in the RESR Storage Ring of the 
FAIR Project”, Proc. of IPAC10, 2010, Kyoto, Japan
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Stacking Times=1,10,100,500,1000
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Deposit Beam

from CR
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Beam Profile during Stacking at RESR

Ring slipping factor=0.03
Cycle=10 sec
N=1e8
Deposited Beam Dp/p=5e-4 (rms)
Tail1 Gain=130dB
Tail2 Gain=106dB
Core Gain=90dB
Notch Depth=20dB
Double Notch Dp/p Shift=4e-4
Tail1 Delay Time = -0.500 ns
Tail2 Delay Time = -0.320 ns
Core Delay Time = -0.167 ns

Log scale

4



0 100 200 300 400 500
�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6

⇤ �ns⇥

⇥p
⇤px10

3

Separatrix

RF field

Stable Area

Time=0 sec

Time=10.0 sec

Without Beam Cooling

Injected beam

Time=10.0 sec

With Beam Cooling

Separatrix and Beam Trajectory at Barrier 
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The separatrix height is as small as Dp/p=2.6e-4 at the barrier voltage=120 

Volt which limits the momentum spread of accumulated beam.  

 

The similar phase space mapping are illustrated in Figure 9 for the case of 

harmonic number=1 RF field. The peak voltage is again 120 Volt. As a matter of fact 

the separatrix height becomes larger due to the larger potential comparing with barrier 

bucket case. 

 

 
Figure 9 The voltage and beam trajectories in the longitudinal phase space (top left) 

where the peak Sin RF voltage (harmonic number=1) is V0=120 Volt (2 MHz, T1=500 

nsec). The injected beam in the unstable area, (partially in the stable area, top right), the 

distribution of particles after 13 sec without cooling (bottom left) and with cooling 

(bottom right). 

 

4.3 Simulation method 

    The accumulation process assisted by stochastic cooling are simulated with the 

particle tracking code which is developed by the present author. The code includes the 

effects of RF field by barrier voltages, stochastic cooling force, diffusion forces such as 

Separatrix and Beam Trajectory at 
Harmonic=1 RF System

Without Beam Cooling

Injected beam

With Beam Cooling
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Basic Formulae of Synchrotron Motion

Separatrix Height

169 
 

The synchrotron motion inside the separatrix is a periodic motion. Its period can be 

deduced from the Hamilton’s equations (6.5). The synchrotron period ( )ST W  or the 

synchrotron frequency ( ) / ( )S Sf W 1 T W=  of the stable motion in the barrier bucket depends 

on the penetration depth W with 10 W T≤ ≤  into the barrier bucket pulse of length 1T  as 

illustrated in Figure 6.5 for antiprotons below transition energy [55]. It is found to be  

 ( ) ( )
( )

2
2

S C

T E
T W 2 4T W

E W

β

η ∆
= + .  (6.18) 

The first term in the equation results from the contribution in the upper and lower half plane 

when the particles move on straight lines outside the barrier pulses and therefore depends on 

the gap 2T  between the two barrier pulses as well as on the energy deviation ( )E W∆  which in 

turn is determined by the penetration depth W.  

 

 

Figure 6.5: The synchrotron period of a particle moving in the stable area of the bucket 

depends on the penetration depth W with 10 W T≤ ≤  into the barrier pulse. For a positive ring 

slip factor ( reγ γ< ) an antiproton with a negative energy deviation moves to the right and is 

bended by the negative barrier voltage into the upper half plane. The path through the barrier 

consists of two half bends. 

 

1.0 1.1 1.2 1.3 1.4
-2

-1

0

1

2

t @msD

D
p
êpx

1
0

3

W 

 

170 
 

The second term [55] accounts for the contribution of four half bends of the phase space curve 

when the particle moves with a penetration depth W through the two barrier pulses. The time 

needed by an ion that penetrates into the barrier pulse with time W to pass one quarter bend is 

obtained from the quantity  

 ( )

cos( ) cos( )

W2
0

C
0 1 0

1 1

T1 E d
T W

2 eU T W

T T

π β τ

ε η τ
π π

= ⋅

−
∫ .  (6.19) 

The energy deviation ( )E W∆  as a function of the penetration depth W into the barrier 

which appears in eq. (6.19) is deduced from the Hamiltonian (6.10) for the sine wave pulse 

 ( ) cos( )b
1

1 W
E W E 1

2 T
∆ ∆ π

 
= ⋅ ⋅ − 

 
  (6.20) 

with the half barrier bucket height bE∆  given in eq. (6.17). 

 

 

Figure 6.6: Bucket height /p p∆  times 103 versus barrier peak voltage. 
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Figure 6.4: Phase space portrait of the synchrotron motion in the rf field of the barriers shown 

in figure 5.3. The separatrix is drawn in bold red. For three phase space curves arrows 

indicate the direction of synchrotron motion. 

The important difference between the barriers depicted in the Figure 6.3 and Figure 6.1 is that 

the barriers shown in Figure 6.3 now provide two stable areas. The gap in the middle (

. .0 65 s 1 35 sµ τ µ≤ ≤ ) and the one in the range . .0 0 s 0 65 sµ τ µ≤ ≤  as well as 

. 01 35 s Tµ τ≤ ≤  are shown in the phase space plot of Figure 6.. 

The half barrier height per nucleon bE∆  of the stable area in a barrier bucket with 

voltage ( ) sin( )0
1

U U 2
2T

τ
τ π=  can be derived from the Hamiltonian (6.10) with the potential 

eq. (6.11) for the sine wave pulse. We obtain  
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∆ ε

π η
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where the charge-to-mass ratio is /Z Aε = . 

If the gap between the barriers is zero, 2T 0= , and the barrier period equals the 

revolution period, 1 02T T= , eq. (6.17) reduces to the stationary bucket height for a h = 1 cavity 

voltage, eq. (6.6). 
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Multi-particle Tracking of Synchrotron Motion with RF 
Field and Stochastic/Electron Beam Cooling 
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HESR Stochastic Cooling Parameters 
Beam kinetic energy  3.0 GeV (Antiproton) 
Number of injected particles 1e8 
Initial momentum spread 5.0e-4 (1 sigma) truncated at +/-3 sigma 
Ring slipping factor 0.031  
Slipping factor from PU to K 0.0197 
Type of Pickup and Kicker Slot ring coupler  
Notch filter method Optical notch filter 
Atmospheric Temperature at PU 20 K 
Noise Temperature at PU 20 K 
TOF from PU to Kicker 0.686e-6 sec 
Dispersion at PU and Kicker 0 m 
Number of PU and Kicker 128/64  
Shunt impedance of PU & Kicker 9 Ohm/cell (PU) & 36 Ohm/cell (Kicker) 
Band 2-4 GHz  
Gain 115-130 dB (Varied during stacking cycle)  

9



Figure 1 The evolution of stochastic cooling in the HESR ring. Particle 
number is 1e8 (left) and 1e10 (right). The stochastic cooling gain is 
120 dB (left) and 116 dB (right), respectively.
The particle density are illustrated at 0, 5 and 10 sec, respectively. The 
coherent term is also illustrated (right scale). The injected momentum 
spread Dp/p (rms) is assumed as 5e-4.

Stochastic Momentum Cooling at HESR 

N=1e8, G=120 dB N=1e10, G=116 dB

0, 5 & 10 sec 0, 5 & 10 sec
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Time=0.0 sec

Time=1.0 sec

Blue: barrier Voltage
Red: Particle distribution

Particle distribution along 
the Ring CircumferencePhase Space Mapping
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Time=9.5 sec

2nd batch injected

Time=10.0 sec

 0

 0.002

 0.004

 0.006

 0.008

 0.01

 0.012

-1 -0.5  0  0.5  1

N
or

m
al

iz
ed

 P
ar

tic
le

 N
um

be
r

τ [µsec]

 0

 0.002

 0.004

 0.006

 0.008

 0.01

 0.012

-1 -0.5  0  0.5  1

N
or

m
al

iz
ed

 P
ar

tic
le

 N
um

be
r

τ [µsec]

Voltage is switched on

12



HESR, Beam Accumulation with Moving Barrier 
System, Voltage=2000 Volt

Red: Accumulated Particle Number
(left scale)

Blue: Accumulation Efficiency (right scale)

3 GeV Antiproton Beam is accumulated in 
HESR every 10 sec up to 1000 sec.

Red: Rms Value of Dp/p
Blue: Cooling Gain
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Barrier Voltage Parameters of HESR
Injected Beam Width 500 nsec
Injection Kicker magnet 600 nsec
Cycle Time 10 sec
Barrier Voltage +/- 1 kV (+/- 2 kV max)
Barrier Voltage Frequency 5 MHz (T=200 nsec)
Barrier Voltage Rising/Falling Time 0.2 sec
Barrier Voltage Moving Time 0.5 sec

The accumulated particle number (red line, left panel) and 
the stochastic cooling gain (green line, left panel). The 
required microwave power (green line, right panel) during 
the accumulation up to 100 stacking (1000 sec).
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Time=0.0 sec

Time=9.0 sec Time=10.0 sec

Fixed Barrier voltage=1000 Volt case

Time=1.0 sec

Separatrix Height=+/-2.7 MeV

Cooling Acceptance Cooling Acceptance
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 Fixed Barrier Bucket system, Voltage=1000 Volt

Red: Accumulated Particle Number
(left scale)

Green: Accumulation Efficiency (right scale)

Accumulation efficiency=Accumulated Particle Number
/Total Injected Particle Number
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ESR Barrier Bucket Accumulation with 
Electron Cooling (2007) 

Beam energy:  65.3 MeV/u, 40Ar28+ 
Injected particle number: 7e7/shot 
Initial relative momentum spread: 8.25e-4 (1 sigma) 
Initial energy distribution:  Gaussian truncated at +/- 3 sigma 
Initial transverse (H & V) emittances: 1.35e-6 m.rad (1 sigma) 
Initial transverse emittances distribution: Uniform random 
Revolution period: 0.7e-6 sec 
Ring slipping factor: 0.6959 

Barrier voltage: +/- 120 Volt 
(Measured Barrier Voltage is used in the present analysis) 
See the following slide. 
Electron cooling current: 0.05, 0.1, 0.3 and 0.5 Ampere 
In the simulation IBS effects are included while space charge 
effects are not included. 
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GSI ESR Measured Barrier Bucket Voltage 
and Potential 

Barrier Voltage (Red line) Potential (Green line)

Time (sec)

Voltage (Volt )

Potential (arbitrary 
unit)

Potential Valley

Injection area Accumulation area
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Time=0 sec

Time=2.5 sec

Phase Space Mapping
Particle Distribution along the Ring

Time=0 sec

Time=2.5 sec

Typical example of particle distribution electron cooler current Ie=0.3 A
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Time=0 sec

Time=2.5 sec

Phase Space Mapping Particle Distribution along the Ring

Time=0 sec

Time=2.5 sec

Typical example of particle distribution Ie=0.05 A
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Stacked Particle Number and Stacking Efficiency for 
Various Cooling Current

Red: 500 mA
Green: 300 mA
Blue: 100 mA
Pink: 50 mA
Light blue: 0 mA

Time (sec) Time (sec)

Stored particle number Stacking efficiency
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GSI ESR beam stacking 
experiment with barrier voltages 
assisted by electron cooling
Ie=0.3A (not clear)

124Xe54+, 154MeV/u
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Parameters of Stochastic Cooling and Barrier Pulse 
at ESR for POP Experiment

Particle: 40Ar18+, 0.4 GeV/u, Gamma=1.426, Beta=0.713
Ring circumference: 108.36 m, Revolution Period=500 nsec
Number of injected particles from SIS18: 5e6 ions/shot.
Injected momentum spread : 5.0e-4 (1 sigma)
Injected bunch length : 150 nsec (Uniform)
Ring slipping factor: 0.309
Time of flight from PU to Kicker: 0.253e-6 sec
Dispersion at PU: 4.0m, Dispersion at Kicker=4.0 m
(Palmer stochastic cooling method)
Band width: 0.9-1.7 GHz
Number of PU, and Kicker: 8
Pickup Impedance: 50 Ohm
Gain: 90-130 dB.
Atmospheric Temperature: 300 K, Noise Temperature: 40 K
BB Voltage : 0.12 kV
BB frequency: 5 MHz (T=200 nsec) for Fixed barrier Case
10 MHz (T=100 nsec) for Moving barrier case
Injection Kicker Pulse Width: 200~300 nsec
Transverse emittance (rms) : 1.25 Pi mm.mrad (constant)
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 Transverse emittance (rms) : 1.25 Pi mm.mrad (constant) 

 

4.1 The stochastic cooling 

 Firstly the stochastic cooling simulation results (Fokker-Plank approach) are  

compared with the cooling experiment. The beam is 390 MeV/u, 36Ar18+ and the 

cooling parameters are given in Table 3. The cooling method is the Palmer Cooling 

method. In Figure 4 the momentum cooling experimental results are given in the left 

figure where the red full square symbols show the case of particle number N=5e6 and 

the open square symbols the case of N=5e7, respectively. In the right figure the 

simulation results are given for the two cases of particle number. Both results are fairly 

well in agreement that the Dp/p (rms) reaches to almost the equilibrium value of 1e-4 

within 3 sec. Then we confirmed that the stochastic cooling model and the numerical 

solving way are well reliable and can be used for the present barrier bucket 

accumulation simulation. 

 Second the cooling process are numerically investigated with the Fokker-Planck 

code for the barrier bucket accumulation parameters, namely the initial Dp/p (rms)=5e-4, 

the injected particle number N=5e6, and the accumulated particle number N=5e8. In 

Figure 5 the particle number is N=5e6, and in figure 6 for N=1e8, respectively. 

 

 

Figure 4 The experimental results of stochastic cooling of 390 MeV/u beam (left). The 

square full symbol (red) shows the evolution of momentum spread (rms) of N=5e6 

while green open symbols the particle number N=5e7. The right figure shows the 

simulation results. 

Proof Of Principle, POP Experiment at ESR

The experimental results of stochastic cooling of 390 MeV/u beam (left). The
square full symbol (red) shows the evolution of momentum spread (rms) of 
N=5e6 while green open symbols the particle number N=5e7. The right panel 
shows the simulation results.

Stochastic Cooling Experiments and Simulation

F. Golden et. al

26



area (top right), the distribution of particles after 13 sec without cooling (bottom left) 

and with cooling (bottom right). 

 

The separatrix height of the Sin wave barrier voltage is given by the following 

formula 
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where E0 is the total energy/nucleon and η the ring slipping factor. The synchrotron 

period Ts and the synchrotron tune νs is given as follows.  
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ε = Q / A, x = Δ
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    (4.3) 

€ 

Δ ˆ E  means the maximal energy deviation of the trajectory of concerned particle. 

 

Figure 8 The separatrix height in the left figure as a function of barrier voltage. The 

separatrix height is given in Dp/p (red line, left scale) and in energy (green line, right 

scale). The synchrotron period (red line, left scale) and synchrotron period (green line, 

right scale) are given in the right figure  

Separatrix Height and Stochastic Cooling in ESR 

The calculated evolution of stochastic cooling of 400 MeV/u, N=1e8. The
initial Dp/p=5e-4 (rms). The initial particle distribution is illustrated in red line in the
left figure and the distribution at after 10 sec cooling is in green line. The energy
acceptance of cooling system is +/-1.5 MeV/u (Dp/p=+/-2.2e-3) as given in blue color
(left scale). The evolution of Dp/p is given in the right figure.
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The left panel is the barrier voltage measured in the cavity (blue line) and 
the potential (orange line). In the right figure the measured derivative of 
magnetic filed of fast kicker magnetic field are given. The excited field 
continues as long as 300 nsec.

Barrier Voltage and Kicker Magnetic Field
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Accumulated Particle Number & Efficiency

Stacking

Un-Stacking

Un-Stacking
- No Beam injection but Kicker is fired -

  Fixed Barrier Case Vbb=120 V, Stochastic 
Cooling Gain=120dB

 

The actual differentiated injection kicker pulse shape is shown in figure 3. 

 
Fig. 3: Derivative of kicker pulses. Kicker Module 1 to 3.Time scale 200 ns/div. 

 

 

In figure 3 ringing of the kicker pulses are visible which lasts longer than 200 ns. The pulse 

duration is ! 300 ns and is thus longer than the gap (200 ns). Therefore some particles are lost 

when the kicker is fired. 

 

 

 

Accumulation with fixed barrier pulses: 

 

 

Figure 4: Accumulation over ! 500 s. Injection every 13 s. Saturation is reached (?) after  

500 s with 320 "A or N = 6 # 10
7
 Argon ions. 

From figure 4: It seems that on average a current injI 0.01mA!  is injected in the ESR every 

13 s. This corresponds to 
Inj

Inj

0

I
N

q e f
"

# #
 particles. Thus on average  Argon ions 

are injected per cycle. 

6

InjN 2 10! #

 

 

Figure 5: No beam in SIS18. Injection kicker still fires every 20 s. 
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Figure 6: The SIS18 bunch is kicked in the gap created with the barrier pulses. 

 

 

 

Experimental Result

Stacking

Un-Stacking

Simulation Result
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Particle distribution just before the 30th injection and just after 30th
injection.The kicker magnetic field is assumed as +/- 150 nsec, and the 
un-trapped flowing particles in the time range of the fast kicker magnetic 
field are kicked out and lost.

30



 

Figure 19 The accumulated particle number and accumulation efficiency at the moving 

barrier operation. The barrier voltage is 120 Volt. 

 

 Moving Barrier Case Vbb=120 V, Stochastic 
Cooling Gain=120dB

The accumulated particle number and accumulation efficiency at the moving
barrier operation. The barrier voltage is 120 Volt.
The accumulation efficiency was quite low. This is because of the fact that 
the barrier voltage is so small 120 Volt and the stochastic cooling force is 
not enough for the moving barrier method.
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Red: Scool+Ecool

Green: Scool

Blue: Ecool

Scool Gain=120 dB

Electron current=200 mA

Electron Cooler at ESR
Length                     2 m
Electron Diameter   5 cm
Electron Current     0.2 A
Effective Electron Temperature 1e-3 eV
Beta Function at Cooler              16 m

Momentum Cooling of Ar18+ 400 MeV/u Beam at ESR 
at Moving Barrier Case with Electron Cooling and 

Stochastic Cooling
(Simulation)

Dp/p=2e-5

The evolution of Dp/p (rms) value during two cycles operation of moving
barrier. The blue line shows the case of electron cooler alone, the green line the 
case of stochastic cooling alone and the red line the case of simultaneous use of 
electron cooler and the stochastic cooler.

32



Accumulation Efficiency=Accumulated Particle Number/Total 
Injected Particle Number

Proof Of Principle (POP) Experiment at ESR
 400 MeV/u, Ar18+ from SIS18

 Moving Barrier Case, Stochastic Cooling Gain=120dB
Vbb=120V, Ie=0.3A, Cycle time=20 sec

Accumulated particle number

Accumulation Efficiency

 
Figure 9: Horizontal stochastic cooling is switched OFF after 200s and again On after 400s. 

Reason for reduction of stacking efficiency when horizontal cooling is OFF: horizonal heating 

by kicker? 

 

 

 
Figure 10: Moving barrier accumulation with stochastic and electron cooling. Barrier voltage 

130 V. 

 

Barrier timing:  Switch ON within one turn 

   500 ms standing 

   900 ms moving 

   200 ms standing and injection in particle free area 

   switch OFF 

 

Stacking

Experimental Result 
Simulation Result 
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Moving Barrier Accumulation with only stochastic 
cooling with BB  voltage 2 kV at the ESR
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Celebration of Success of POP Experiment
2010 September 9th at ESR Control Room

GSI, FZJ, JINR & CERN Collaboration

Spokesman: M. Steck
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Beam Accumulation with Barrier Bucket and 
Stochastic Cooling System at NICA Collider

January 12, 2009

One solution to the question on
“ How do we inject and accumulate 2e10 ion beams 

in the Collider from the Nuclotron ?”
Injection Cycle= 10 sec (5 sec each for 1 Collider Ring)
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Parameters of  Stochastic Cooling and Barrier 
Pulse at NICA Collider 

1. Particle: 197Au79+, 3.5 GeV/u, Gamma=4.76, Beta=0.978 
2. Ring circumference: 375 m 
3. Number of injected particles from Nuclotron: 1e8 ions/bunch. 
4. Injected momentum spread : 3.0e-4 (1 sigma)
5. Injected bunch length : 200 nsec (Uniform)
6. Ring slipping factor: 0.0232
7. Time of flight from PU to Kicker: 0.4 e-6 sec 
8. Dispersion at PU:  5.0m, Dispersion at Kicker=0.0 m (Palmer 
stochastic cooling method)
9. Band width: 2-4 GHz
10. Number of PU, and Kicker=128 
11. Pickup Impedance=50 Ohm
12. Gain=90 dB. 
13. Atmospheric Temperature: 300 K, Noise Temperature=40 K
14. BB Voltage = 5 kV 
15. BB frequency= 5 MHz (T=200 nsec)
16. Injection Kicker Pulse Width=400 nsec
17. Transverse emittance = 0.3 Pi mm.mrad (constant)
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1st Injection After 10 stacking

Stochastic Cooling is applied to injected 
and stacked particles.

Red: Particles (energy left scale)
Blue: Barrier voltage (right scale)

1 revolution time

 Fixed Barrier Case

Unstable Area Stable Area Stable Area
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Accumulated Particle 
Number & Efficiency

Accumulation Efficiency=
Accumulated Particle Number/Total Injected 

Particle Number

Red: Particle Number (left scale)
Green: Accumulation Efficiency (right scale)

Particle Distribution for Various Stacking Number
Stacking Number: 1, 10, 60, 100, 150 and 200

Red: Rms Value of Dp/p (left scale)
Green: Accumulated Particle Number (right scale)
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IBS Growth Rate of Dp/p is calculated with Martini formulae and the result can be 
represented with the following curves. In the stochastic cooling/stacking calculation, 
IBS heating term is calculated at every computing cycle with use of these curve.

3.5 GeV/u,  197Au79+, N=2e10/ring, Coasting beam, Emittance=0.3 Pi e-6 m. rad. 
GrowthRate is inversely proportional to the bunch length and proportional to the 
number of particles in the bunch.

Dp/p (rms value)

Dp/p (red, left scale)
Horizontal Emittance
 (green, right scale) 
Vertical Emittance 
(blue, right scale)

IBS Growth Rates
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Heavy Ion Beam Accumulation in NICA Collider
with Barrier Voltage and Electron Cooling

Ion: 197Au79+, 1.5 GeV/u, 2.5 GeV/u, 3.5 GeV/u
Cooler Length= 6 m
Electron current= 1 A
Electron Diameter= 2 cm
Effective Electron Temperature= 1 meV
Transverse Temperature= 1 eV
Longitudinal Magnetic Filed Strength= 1 kG
Beta function at Cooler= 16 m

Cooling Force: Parkomchuk empirical formulae
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Accumulated Particle Number 
& Accumulation Efficiency

Rms Beam Size at Cooler Section

Red: Horizontal
Green: Vertical

Red: Particle Number
Green: Efficiency

Rms Dp/p & Particle Number

Accumulation Efficiency=
Accumulated Particle Number/Total 

Injected Particle Number

Case 1 
Ion=197Au79+, Energy=1.5 GeV/u, N=1e9/shot, Cycle time=10 sec
Ring Slipping Factor=0.1268, Dp/p(initial)=5e-4(rms) (Gaussian) 
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Accumulated Particle Number 
& Accumulation Efficiency

Rms Beam Size at Cooler Section

Red: Horizontal
Green: Vertical

Red: Particle Number
Green: Efficiency

Rms Dp/p & Particle Number

Case ２
Ion=197Au79+, Energy=3.5 GeV/u, N=1e9/shot, Cycle time=10 sec
RingSlippingFactor=0.0243, Dp/p(initial)=5e-4(rms) (Gaussian) 
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Conclusion

1. It was proposed to use the method of moving barrier voltage combined with 
stochastic cooling for the 3 GeV antiproton beam accumulation in the HESR. 
The simulation shows that it is quite effective way to accumulate the antiproton 
beam up to N=1e10 with the cycle of 10 sec from the Collector Ring with high 
stacking efficiency more than 90 %.

2. This concept was confirmed by the POP experiment at the ESR of which the 
results were well reproduced by the simulation with multi-particle tracking code 
including the IBS diffusion effects.

3. At the NICA collider at JINR the fixed barrier method could be used for the 
accumulation of 2e10 Au ions from the injector synchrotron Nuclotron, with the 
stochastic cooling at the energy of 3.5 GeV/u and the electron cooling at the 
lower energy 1.5 ~ 2.0 GeV/u.

4. In the NICA collider, the accumulated ions have to be made of short bunches, 
say 20 bunches with rms bunch length of ~ 1 ns. The strong bunched beam 
cooling will be applied with large RF field voltage ~ 200 kV to produce such 
short bunch beam. During the colliding experiments, the diffusion effects due to 
the IBS should be compensated by the bunched beam stochastic cooling.
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