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CRITICAL PARAMETERS FOR ELECTRON CLOUD

 Not obvious that simple scaling rules can be found


SURFACE EFFECTS

   Y (Eγ,θγ)
   R (Eγ,θγ)
   SEY (Ee,θe)

MACHINE PARAMS

  BUNCH CURRENT
  BUNCH SPACING
  B-FIELD VS. DRIFT

CHAMBER GEOMETRY

  ANTECHAMBER
  END ABSORBERS
  APERTURE (V)
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MECHANISMS FOR

BEAM-INDUCED ELECTRON CLOUD

beam bunch

synchrotron photons

photoelectron
s

secondary secondary
electrons

primary secondary
electrons

R. Rosenberg

sS

pS

P

} SE: secondary component

} PE: primary component
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APPROX. REGIMES FOR VARIOUS EFFECTS

                      ECI
(KEK PF, BEPC, KEK-B)

beam-induced multipacting
(ISR, PEP-II, LHC, APS, etc)

where
tWAKE is the range of the effective EC wakefield,
tb is the bunch spacing,
r is chamber half-height and
∆v is velocity change of electron due to kick by beam bunch

PRIMARY ELECTRON DOMINATED:
SEY unimportant
Very large or very small tb
tWAKE         <Ee->

SECONDARY ELECTRON DOMINATED: BEAM-INDUCED MULTIPACTING

t t r
vWAKE b≥ ≥ 2

∆
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VACUUM CHAMBER GEOMETRY

typical antechamber

photons emitted from
upstream bend

      

no antechamber

    

radiation end absorber (EA)

    

side view, EA

      

radiation mask

vertical restriction
(e.g. small-gap chamber)
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 BIM threshold <~ 2 mA/bunch; little effect on vacuum pressure with 1 mA/bunch
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              PE-dominated         SE-dominated                                                          λRF
 

 
 

 Total, normalized electron current per detector vs. distance from EA6 as a function of bunch spacing
(10 bunches, 20 mA). Strong amplification for a bunch spacing, tb, of 20 ns; by comparison:

 PEP-II: chamber HH (SS) 45 mm; tb = 13 ns
 LHC: chamber HH (Cu) 22 mm; tb = 25 ns

(20 ns)

(360 ns)
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SUMMARY
 

 

• Electrons are ubiquitous in accelerators/storage rings

•  Independent experimental results at APS, PEP-II, CERN SPS on beam-induced
multipacting are beginning to converge ( -> universal scaling rules???)

•  Challenges remain in predicting electron cloud distribution                                      (results
of APS modeling are PRELIMINARY)

•  Surface effects/conditioning

•  Model input parameters

•  Influence of external magnetic field


