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THE RELATIVISTIC HEAVY ION COLLIDER (RHIC) 
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UPGRADING TO AN ELECTRON-ION COLLIDER (EIC) 

• Add linear accelerator (LINAC) to RHIC for electrons 

• Heavy ions collide with electrons 

New e-  ring 

Existing 
ion rings 

3 



UPGRADING TO AN EIC  

• LINAC: superconducting RF cavities for acceleration (Nb) 
o Operating temp: 2.1 K; Cooled by superfluid He. 

o RF volume – High vacuum (10-10 mbar) 

• Fundamental mode is at 650 MHz 

• Charged-particle beams interact with EM field in cavity;  
generate higher-order modes (HOM) that impedes beam  

• Waveguide channels HOM energy from 2 K  

 

4 



PROBLEM DESCRIPTION 

•   
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MODELLING 
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ANLAYTICAL CALCULATIONS - I 

•   
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ANALYTICAL CALCULATIONS (2-HEAT-SINK CASE) 

• Heat sink temperature vs. heat load 
o Second heat sink temperature fixed at 6.5 K (providing gradient to He 

return pipes) 
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ANLAYTICAL CALCULATIONS (3-HEAT-SINK CASE) 

• Controlling heat removed at different temperatures facilitates 
better cryogenic system design 

• Parametric study performed documenting effect of varying 
thicknesses of Stainless steel and Cu 

 

 

 

• Heat sink temperatures: 80 K , 25 K, 6.5 K. 
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NUMERICAL ANALYSIS – STATIC LOAD ONLY 

• Temperature and heat flux were solved using ANSYS 
with respective boundary conditions. 
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ANALYTICAL CALCULATIONS: DYNAMIC LOAD 
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• No HFSS; have to come up with other ways 

• Trial 1: False – convection for q (T) using q = h(T) (T_surf – T_amb) 

 

 

 

 

• Creepy ANSYS results 

• Conduction load is now 13.557 KW. Cannot be unless cold end is 
getting colder. But Convection load is + 0.03 W 

• Used ANSYS APDL script instead to specify q (T) 

 

 

 

 

 

 

 



NUMERICAL ANALYSIS – STATIC AND DYNAMIC LOAD 

• Dynamic heat loads: RF dissipation included 

• Static and Dynamic heat loads are shown below 

 

 

 

 

• Preliminary results: thermal radiation load 
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CONCLUSIONS 

• A thermal study has been carried out for the RF HOM 
Waveguide on the RHIC upgrade at BNL 

• Multiple heat sink configurations were explored 

• Static and dynamic loads are calculated. 
o Dynamic heat flow ~ 10% of static heat flow 

• Contribution from radiation is small 
o ~ few mW (negligible) 
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