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There exist various collective modes which can become unstable for the beam in an ion 
storage ring which is currently being considered in our ELIC design. We have studied 
major beam stability problems most likely to affect beam in ELIC’s highest energy ion 
ring. In the following we summarize results for proton beam to be more specific. 
 
 
Longitudinal Microwave Instability Threshold: 
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Tune Spread due to Nonlinear RF Bucket: 
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Longitudinal Coupled Bunch Instability: 
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Transverse Microwave Instability Threshold: 
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Transverse Mode Coupling Instability Threshold: 

πβ
β

ν

3
24

)Im(

4

aveffT

s

p Z
e
E

I








=     ☺     mGZ effT /4.5)Im( Ω=  

 
Strong Head-Tail Instability Threshold due to Beam-Beam Interaction: 
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Head-Tail Instability Growth Rate due to Beam-Beam Interaction: 
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Intrabeam Scattering Growth Rates: 
(logc = 10 is assumed) 
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Electron Cooling Times: 
(logc = 2 and η = 0.01is assumed) 

 2
'2

2
2

'2

2
2
'4

533

4.26.166.02
log16

3
exexx

ce

ep
s en

cmm
σ

γ
σσ

γ
σσ

ηπ
γβ

τ δδ +















+








+=   

This is basically same as Derbenev’s expression 
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Synchrotron Radiation: 
For Proton in Storage 
Ps = 19 mW for B = 5 Tesla    ☺     negligible 
Number of emitted photons per bunch per revolution = 2×1010 
Mean energy of photons = 5 meV 
  
For Electron in Circulator Ring 
Ps = 5.1 MW for B = 2.34 kG    ☺     a huge factor 
 
 
Electron beam damps after 13000  (3500?) turns and requires minimum 2.2 MV just to 
keep electrons in the ring with no phase focusing at all. 
 
Electron Cloud Instability: 
Single bunch head-tail instability 
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Average volume density of ELIC proton beam 313 /100.1 m×=  
 
Coupled bunch instability    
 
Instability due to Beam-Beam Interaction in Cooling Section: 
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Is this a problem? There is a possibility of instability in principle if we use a circulator 
ring concept for cooler. 
 
Incoherent Space Charge Tune Shift: 
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We conclude that energy recovering linear collider has a potential for making high 
energy experiments demanding an extremely large luminosity possible. 
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APPENDIX 
A consistent set of ELIC design machine and beam parameters is presented in the Table 
below. 
 

 
  
 
 

A List of ELIC Parameters as of 2/23/04 
ep γγ /  160/13700 

γγσδ /∆≡  4103 −×  (relative energy spread) 
e
nx

p
nx εε /  1/86 µm (normalized horizontal emittance) 

e
ny

p
ny εε /  0.01/0.86 µm (normalized vertical emittance) 

e
z

p
z σσ /  5/1 mm (bunch length) 

Np /Ne 109 10/102×  
∗β  

5 mm (beta at interaction point) 
∗
yσ  0.56 µm (vertical beam size at interaction point) 

R 191 m (mean radius of ring) 
yx νν ,  15 (betatron tunes) 

avβ  12.7 m (average beta in ring) 

yσ  51082.2 −× m 

yθ  61022.2 −×  
Ib 0.08 mA (bunch current) 
Ip 3.1 A (bunch peak current) 
Iav 480 mA 
M  6000 (number of bunches) 
U 300 kJ (stored beam energy) 

rfV  8100.1 × V 

rfh  6000 (harmonic number) 

revf  0.25 MHz 
η  3104 −×  (frequency slip parameter) 

sν  0.06 (synchrotron tune) 
b 1.74 cm (beam pipe radius) 

bc π2/  2.75 GHz 
eyex ξξ /  0.0095/0.095 (tune shift per interaction) 

pypx ξξ /  0.0022/0.022 (tune shift per interaction) 

eyex DD /  0.12/1.2 (disruption per interaction) 

pypx DD /  0.0055/0.055 (disruption per interaction) 
re 1510818.2 −× m 
rp 1810535.1 −× m (proton radius) 


