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CERN accelerators complex
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Montecarlo Simulation Codes:

Molflow+ (molecular flow), and SYNRAD+ (synchrotron radiation)



Vacuum, Surfaces & Coatings Group

Technology Department Joint Universities Accelerator School, Archamps, February , 2020 5



Vacuum, Surfaces & Coatings Group

Technology Department Joint Universities Accelerator School, Archamps, February , 2020 6



Vacuum, Surfaces & Coatings Group

Technology Department Joint Universities Accelerator School, Archamps, February , 2020 7

ELENA: Extra-Low Energy Antiproton decelerator
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• ELENA: Extra-Low Energy Antiproton 

decelerator

• Typical electrostatic 

quadrupole/corrector package 

(FODO)

• Molflow+ model imported from CAD
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• Electrostatic beamline components: electrodes are under vacuum

• All internal surfaces are NEG-coated

• Need to protect all NEG-coated surface in case of air-inrush

• Montecarlo simulation, time-dependent, is used to determine best position of 

fast gate valves (20 msec closure time)
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• Generate molecules with velocities distributed as per Maxwell-Boltzmann, 

and initial temperature corresponding to “hot” supersonic gas jet
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• Gbar beamline, short distance from ELENA ring

• Need for an acoustic delay line, to slow down the 

air inrush

• Determination of the position of the fast gate valve
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Transmission probability, PTR calculation for:
• 3.6 m-long, 5 cm diameter tube

• Same made up of 3x 1 m-long tubes separated by 30 cm-long 10 cm diameter 

pumping domes (with 500 l/s pump each)

• PTR (tube) = 1.782E-2; PTR (Diff.Pumping) = 1.852E-4; RATIO=96.2x
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Comparison of vacuum system of two 4th generation light 

sources, Max-IV and ESRF-EBS

• Max-IV: 3 GeV, 500 mA, ¬ 500 m circumference

• ESRF-EBS: 6 GeV, 200 mA, ¬ 850 m circumference
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Max-IV: comparison of its 22 mm ID circular chamber with 

ALBA light source; Max-IV: fully NEG-coated Cu; ALBA: SS
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Very tight space between vacuum chambers and magnetic poles
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Variable cross sections at dipoles with SR extraction port
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Crotch absorbers are used to intercept the fraction of the SR fan which doesn’t 

reach the beamlines

Part of the SR escapes the

crotch absorbers and ends

up being adsorbed by the

circular tubes: that is why

NEG-coating is very useful
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Feasibility of fully NEG-coated solution had been checked at ESRF on a 

dedicated photodesorption beamline (D31)
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1.5 GeV low-energy ring is not NEG-coated, and has vacuum chambers made of 

stainless steel, a “conventional” machine, with more relaxed dimensions and 

bigger conductance, copied from ALBA light source (Barcelona)
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The ESRF upgrade, EBS (Extremely Bright Source), adopts a different design: 

very little NEG-coating, and use of machined SS and aluminium chambers, 

welded longitudinally
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At the ESRF-EBS 100% of the SR generated by the dipoles is intercepted by 

lumped absorbers
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At the ESRF-EBS 100% of the SR generated by the dipoles is intercepted by 
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All photon absorbers have been carefully analysed and designed:

Ray-tracing, followed by Finite-Elements thermo-mechanical analysis
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Contrary to the simple one circular tube of Max-IV, the ESRF-EBS team has 

designed basically a different cross-section for each chamber, to follow the 

many magnets’ pole profiles
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Summary

• We have seen a few examples of calculations of gas dynamics in

molecular flow regime

• The transmission probability, speed distribution, and the

pressure profiles have been calculated with the code Molflow+

• We have also seen that two modern 4th generation light sources

have chosen completely different design philosophies, fully

NEG-coated with a constant cross-section for Max-IV vs the un-

coated with variable cross-section for ESRF-EBS

• Both designs working successfully: the choice among the two is

based on cost analysis, design of magnetic lattice, and other

choices concerning vacuum (like in-situ bakeability, for instance)
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