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Beam Line Absorber Benefits
&\ ts) Accelerator-based Sciences and Education (CLASSE)

 Radial symmetry helps
avold beam kicks

 Radial symmetry ensures
all HOM polarizations are
damped

« Absorber length > A/2 of
lowest freq. HOM damps
all non-trapped modes.

o Straightforward design —
easier RF optimization.
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Absorber Properties
) /s Accelerator-based Sciences and Education (CLASSE)

e CESR-III HOM load e Carbon Nanotube
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Optimal Absorber Properties

* \WWe model a cavity damped by an absorber with
frequency independent EM properties

* The cavity + HOM absorber geometry Is simulated
using CLANS, a 2D-finite-element code.

e CNT absorbers were modeled with p = p, and
Real{e} = (5, ..., 25) g, Imag{e} = -(1, ..., 10) g,

—=0000000—e
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s

e Goal: Determine the relation between absorber
properties and beam-break up current.

e Previous work shows the threshold current follows
the empirical relation:

\
| oc max [R /Q ,A € Dipole HOM Spectrum
Q)z f

« Simulated dipole HOMs up to 10 GHz, (E-E and

M-M B.C.s). Found the “worst” BBU parameters,
and plotted vs dielectric constant.

October 13, 2010 N. Valles — HOM 10 — Beamline Absorbing Materials 9



) Cometiasraen o CLANS Simulation Results
& Accelerator-based Sciences and Education (CLASSE)

BBU Parameter as a function of Dielectric Constant for 0.8 cm thick HOM Absorbers
1.68 GHz 3.08 GHz
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Q, as a function of Dielectric Constant for 0.8 cm thick HOM Absorbers
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(0 i) et Analytic Solution
) /s Accelerator-based Sciences and Education (CLASSE)
s

Vacuum Absorber Metal
A, e-ikoz A eik;z
B, eikoz B_eik.z
«— d —
> Z

* Model a plane wave striking an absorber
with thickness, d, (Iinfinite In X-y extent) to
and find power absorption.

. Figure of merit Is absorber efficiency:
/P

|nC|dent

absorbed®
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) Gl nanss PlANE \Wave Madel Power Absorption

1/(fraction of power absorbed) as function of dielectric constant for 0.8 cm absorber
1.68 GHz 3.08 GHz

y
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Theory-Simulation
Correspondence

é" S B\ r
2 /s Accelerator- based Sciences an d Education (CLASSE)

CLANS + BBU parameter
=T characterization gives
similar results as using a
simple wave model

-

5 1
11111111111

Im(s)/.*s0
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) ot o CLANS Simulation Results
/s Accelerator-based Sciences and Education (CLASSE)

BBU Parameter as a function of Dielectric Constant for 2.5 cm thick HOM Absorbers
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CLANS Simulation Results
) /s Accelerator-based Sciences and Education (CLASSE)

Q, as a function of Dielectric Constant for 2.5 cm thick HOM Absorbers
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(&) oot memanss P 1aNE Wave Madel Power Absorption

1/(fraction of power absorbed) as function of dielectric constant for 2.5 cm absorber
1.68 GHz 2.51 GHz
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Material Comparison:
Power Absorbtion

& - ‘t",
6/[E8]}) Cornell Laboratory for

/s Accelerator-based Sciences and Education (CLASSE)

Simple Plane Wave Model for Ideal Absorbers (1.5 cm thick)
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: Worst Case Absorption 1-50 GHz

Absorber Thickness 8 mm
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: VyboEstTﬁasgvosorption 1-50 GHz
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: VyboEstTﬁaSQQAosorption 1-50 GHz
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: VyboEstTﬁasg4Aosorption 1-50 GHz
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: Worst Case Absorption 1-50 GHz

Absorber Thickness 16 mm
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: Worst Case Absorption 1-50 GHz

Absorber Thickness 18 mm
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Epsilon Parameter Space
) /s Accelerator-based Sciences and Education (CLASSE)

Plane wave model: Worst Case Absorption 1-50 GHz

Absorber Thickness 20 mm
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Epsilon Parameter Space
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Plane wave model: Worst Case Absorption 1-50 GHz

Absorber Thickness 22 mm
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Epsilon Parameter Space
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Plane wave model: Worst Case Absorption 1-50 GHz

Absorber Thickness 24 mm
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s

« Simple plane wave model is a useful tool to determine
absorber efficiency

* QQ’s are twice as large with real absorbers compared to
perfect absorbers (matched ports)

» Effective broadband CNT dielectric absorbers should aim
for /€0 ~ [10...20] — [10...20]i, (dependent on absorber
thickness). This is doable with current technology.

* The loss tangent 1sn’t the most important item to consider
for an absorber

— To reduce reflections, absorber impedance, Z,. = V(u/g) should
not be too large
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