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Overview
• Introduction

• Measurements: beam heat load, pressure

• Potential beam heat load sources

• Experimental results and comparison with theory

• Conclusions and open questions
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ANKA

Energy:                          2.5 GeV
Current:                        200 mA
Circumference:             110.4 m
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Superconducting undulator: vacuum and cooling system

cryocoolers

UHV
tankcoils

coils

Magnetic gap width: 8, 12, 16 mm
Beam-stay-clear in the open state: 29 mm
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Typical run for user operation

Heat load coils
Pbeam = 0.94±0.05 W

Ebeam = 2.5 GeV; gap=29mm;
2 trains

Pressure rise
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Tr=revolution time = 368ns

1 train=32 bunches=64ns
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Pressure rise

E=2.5GeV; gap=29mm; 2 trains
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Variation of the beam heat load over half a year
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Beam heat load sources

Possible sources:
• Synchrotron radiation from upstream magnets
• Image currents on the cold surface (resistive wall heating)
• Ions
• Electrons
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Beam heat load sources: Ions and  Electrons

NWP &⋅∆=tbombardmenElectron 

Possible electrons source: condensed gas layer physisorbed on the surface

,...),,,(
2

tbombardmenelectron rMIEN
M
IP &⋅⎟
⎠
⎞

⎜
⎝
⎛∝

r
q,m

Ions contribution negligible

O. Gröbner, “Beam induced multipacting“, PAC1997
lengthbunch 

)( transfer momentum

charge line;
2

)(
0

=
=∆=

===

τ
τ

τ
λ

πε
λ

c
rqEp

c
eN

r
rE b

 timerevolution
revolutionper  bunches ofnumber  total

current beam average stored

  :bunchper  particles

=
=

=
⋅
⋅

=

r

r
b

T
M
I

Me
TIN

m
rc

Neq
m
pW b 2

22

2

0

2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅⋅

⋅⋅
=

∆
=∆

πε

τc

secper   wall thehitting electrons
bunch aby kick   the todue           

electron  one of increaseenergy 

=

=∆

N

W

&



10
Tilo Baumbach WTR Dezember 2005Sara Casalbuoni ECL2, Geneva

Vacuum chamber 300 mm stainless steel 
with 30 mm electroposited Cu
Dominating desorbed gases: H2, CH4, CO, CO2
Only H2 non negligible vapour press. at 4-20K

Adsorption isotherm varies with:
•molecular species
•surface temperature
•surface nature
•gas composition inside the chamber
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Beam heat load: current dependence
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Beam heat load versus bunchlength
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natural bunch length
at 2.5 GeV
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5*10-11 mbar

1*1015 H2/cm2

Superconducting undulator
Cold boreBeam pipe RT

H2

gas

valves
fine tuning

pumps
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H2  experiment
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H2  experiment
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•Non linear pressure rise with current
•Why? H2 recycling and multipacting? 
•For higher pressures the peak current is lower
•For lower M=total number of bunches per revolution the peak current is lower
•Not always observed: does the peak current depend on another parameter?

•Beam heat load
•Synchrotron radiation excluded by the data 
•RWH can explain the heat load for short bunches
•RWH can NOT explain the heat load for long bunches
•Other resistive effects, for example from the taper?            
But lower E ï shorter bunch length ïhigher heat load
Why scattering in the data if resistive mechanism?

•Heat load from electrons from condensed gas layer?
•Which mechanism is responsible of releasing electrons?

Conclusions and open questions

MIWP 2)( ∝


