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ILC beam parameters

INTERNATIONAL LINEAR COLLIDER
REFERENCE DESIGN REPORT

AUGUST 2007AUGUST, 2007

• Bunch charge = 3.2 nC

• Bunch length = 0.2‐0.3 mmBunch length   0.2 0.3 mm

• Bunch spacing = 369.2 ns

• Beam current in a pulse  9 mA

• Duty ratio=200
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ILC IR geometry from Marco Oriunno
Comments from Takhashi Maruyama:Comments from Takhashi Maruyama:
The thickness of the cylindrical beam pipe is 400 microns,

and of the conical section is 700 microns.

Th b ll fl BPM i h l
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There are no bellows, flanges, BPMs, pumping holes, …
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3-D stl model from Marco Oriunno
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½ * ½ * ½
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Wake fields and a bunch field 
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After a second chamber step
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Bunch field
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Electric field at the beam pipe wall
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High electric field. Possible electron current from the wall due to 
auto emission and even breakdowns at the metal edges.
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Comparison with a bunch in the LCLS undulator chamber
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Rectangular chamber gives increase by π/2, so 
electric field reaches level of 100 MV/m .

More than ten times higher field. May be they have such aMore than ten times higher field. May be they  have such a 
problem. The field in the LCLS RF BPMs is around 35 MV/m
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Magnetic field near a center of a bunch
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Field vertical distribution - quad
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Beam spectrum

Bunch spectrum goes to higher frequency with shorter bunches
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Wake potentials and Green’s function
Wake potential describes the integral effect of 
the wake fields

( )( ) ( , )z z c tW E t z d tττ
∞

= −
− ∞

= ∫

and can be calculated in the time domain by 
solving the Maxwell’s equationssolving the Maxwell s equations. 

Wake potential of a point charge is a Green’s 
function t l l t fi ld f b h di t ib tifunction to calculate fields of any bunch distribution
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Short range wake potential (0.2 mm bunch)
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Calculated with a code “NOVO”
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Bunch Loss Factor

• Beam energy loss  is calculated by

( ) ( )k W d
∞

∫ ( ) ( )k W dτ ρ τ τ
−∞

= ∫
• Single bunch loss factor is normalized to a 
bunch charge and usually measured in V/pC.
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Loss factor of IR vs bunch length 
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Longitudinal impedance
• Fourier transform of the Green’s function gives 
longitudinal coupling impedance 
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• And frequency spectrum of the wake potential

( ) ( ) exp( )W W i dω τ ωτ τ
∞

−∞

= − =∫

0

( ) ( ) exp( ) ( ) ( )G i d Zρ ω τ ωτ τ ρ ω ω
∞

′ ′ ′= × = × −∫

ARD MDI Meeting SN   01/20/2011



Long range wake potential
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Loss integral 
• We introduce loss integral for a single bunch
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• Full integration gives the loss factor: 
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Loss integral of IR
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Comparison with loss integral of the TESLA cryomodule
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Power loss of a train of bunches
• Because of superposition of electromagnetic 
fields, the total field is a linear sum of fields of 
each charge. If we have a train of equal 
bunches spaced in time by       , then wake 

f f
bT

potential for the N‐th bunch is a sum of wake 
potentials of previous bunches
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Power loss
• Energy loss of N bunches
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Some mathematics
• In case of a long bunch train
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• After integration we get final result
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Cut-off frequency
• Cut‐off frequency is the maximum frequency 
of captured modes in a cavity. 

• It is determined by the size of a beam pipe.

• For E01 mode 
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ILC IR: a=10mm=0.01m

f=11.47 GHz
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Trapped modes of IR
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Second mode(363 harmonics): maximum R/Q

zoomedzoomed
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Wake fields in the corner

V
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MAFIA simulations
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Second mode
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Other mode
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Interaction with one mode

Mode voltage decay ,( ) ( ) l n
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Coherent and incoherent excitation
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If the bunch spacing is equal to mode decay time the coherent 
power is only two times larger than incoherent power 
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Loss integral and cut-off frequency
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Total loss power (all trapped modes)

Total power 2
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Average power is 200 times smaller
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Power loss above cut-off frequency
• The spectrum here is more or less smooth 
function of frequency and we can change the 
sum of series back to integral
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• The beam power loss above cut‐off frequency
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Power in a pulse (two beams)
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Resistive-wall wake fields
(Losses of image currents)

conductivity /Ohm/mm
Al 35000
Cu 58000
SS 1400
Au 48800Au 48800
Be 25000
Ni 14600

b h k dNEG 55 ???  To be checked
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Fields at the Be chamber wall. Bunch 0.2 mm
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Power loss due to resist wall. Not so much.

X 5 (NEG) =600 W
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Summary

• The amount of energy loss in  IR is almost the same 
as energy loss in one accelerating  cryo‐module. 
dd d h• Addition energy spread at IR is not more than 0.2 

MeV
• Average power of IR wake fields is of order of 30 W• Average power of IR wake fields is of order of 30 W, 
when pulse power is of order of several of kilowatts.

• The spectrum of the wake fields is bounded by 300 p y
GHz

• Transverse wake fields may travel  long distance and 
penetrate inside bellows pumps and vacuum valvespenetrate inside bellows, pumps and vacuum valves 
and may interfere with sensitive electronics.
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