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Motivation

CERN — Studies of collimator impedance reduction by segmentation in modules.




Motivation

CERN — Studies of collimator impedance reduction by segmentation in modules.

What is the dependence of the impedance on length?




Motivation

Pipe flanges — Thin inserts — numerical simulators encounter meshing problems!

Beam pipe flanges CST model




Motivation

Pipe flanges — Thin inserts — numerical simulators encounter meshing problems!

Impedance of thin inserts?

Beam pipe flanges CST model
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Model

Model — Cavity loaded with a toroidal insert connected to the beam pipes.

PEC

PEC

PIPE

Assumptions —

Targets —

INSERT

-

v Any relativistic 3

v Any insert length, pipe/cavity radius

v Any frequency range

v Linear, isotropic, homogeneous, dispersive material

# Longitudinal and transverse dipolar (or driving) impedances



Past work

Past studies already done in order to assess the impedance of finite length devices.

Year Authors Note

2004 S. Krinsky et al., Phys. Rev. ST Accel. Beams 7. Leontovich approx.
2005 G. Stupakov, Phys. Rev. ST Accel. Beams 8. Leontovich approx.
2006 R.L. Gluckstern and B. Zotter, unpublished. Unpublished

2009 Y. Shobuda et al. Phys. Rev. ST Accel. Beams 12. Short length approx.
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See also previous talk
“Impedance of a ceramic break

and 1ts resonance structure”
by Y. Shobuda

We solved it applying the...



Mode Matching method

Splitting volumes:

We have 4 unknowns for the 4 volumes — We need 4 matching conditions!
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Mode Matching method

Splitting volumes:

We have 4 unknowns for the 4 volumes — We need 4 matching conditions!

Matching conditions:

3 Conditions: Field Matching of Magnetic fields at separation surfaces.
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Mode Matching method

Splitting volumes:

We have 4 unknowns for the 4 volumes — We need 4 matching conditions!

Matching conditions:

3 Conditions: Field Matching of Magnetic fields at separation surfaces.

(I) _ 7(IV) II IV IIT IV
HSl o HSl H‘g’2 ) — HéQ ) Hé3 ): é3 )

I Condition: Mode Matching in the cavity volume.

Modes in volume IV

solenoidal + irrotational E = Z Ve, + Z an n [ Bc sl
n n

PEC boundary conditions'
PEC Z
( kn * A
Coefficients’ Vi = L2 _ |2 /(E X hy) - fodS
in function of external fields < "5
(adiacent volumes) F, = —j % / (H x f*) - g dS
- S

N. B.:

Y The series converges non-uniformly at the boundaries.
? Coefficients would be null with a standard electric Field Matching.




Method benchmark

v Convergence tests.
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Method benchmark

v Convergence tests. I
014 ' v Classical “resistive wall”
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Benchmark for high conductivity
materials (beam pipe model)

See also previous talk
“2D wall impedance theory”
by N.Mounet




Method benchmark

v Convergence tests. I
0.14 ' v Classical “resistive wall” I
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Method benchmark

v Convergence tests. I
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Applications

v Impedance dependence on length.
v Protrusion trapped modes below cut-off.

v Insert trapped modes at cut-off.
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Applications

» Studied the impedance dependence on length L.

» Taking the ratio w.r.t. the 2D impedance model.
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Applications

» Studied the impedance dependence on length L.

» Taking the ratio w.r.t. the 2D impedance model.

» Difference apparent only in the transverse impedance
at low frequency, and very narrow gaps — for the
moment an academical case.
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Applications

v

v Protrusion trapped modes below cut-off.

v
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Trapped modes below cut-off

» Small empty cylindrical beam pipe protrusion.

» A trapped mode close to cut-off appears at frequency:

ftrap = fTM()l + Ale\/Iol

> Theory' predicts:

First Bessel zero

Protrusion
J 22/' Area A =L -t
a1 (A
A frMo = — fTMo, 5 ( ; >

N

Cut-off frequency

Pipe radius

1) G. Stupakov and S. S. Kurennoy. Trapped electromagnetic modes
in a waveguide with a small discontinuity. Phys. Rev. E | J anq1)994.




Trapped modes below cut-off

» Small empty cylindrical beam pipe protrusion.

» A trapped mode close to cut-off appears at frequency:

ftrap = fTM()l + Ale\/Iol

> Theory' predicts:
First Bessel zero
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Applications

v
v

v Insert trapped modes at cut-off.
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Trapped modes at cut-off

» Cylindrical cavity filled with material of o = 10 S/m

» Longitudinal impedance case.

25



Trapped modes at cut-off

> Cylindrical cavity filled with material of o = 10 S/m
» Longitudinal impedance case.

» A kink at cut-off appears for insert shorter than
the cut-off wavelength Ao = ¢/ fi M

60
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Trapped modes at cut-off

> Cylindrical cavity filled with material of o = 10 S/m
» Longitudinal impedance case.

» A kink at cut-off appears for insert shorter than
the cut-off wavelength Ao = ¢/ fi M
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Trapped modes at cut-off

60

[—0.125 3™ Longitudinal case: resistive wall
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Trapped modes at cut-off

60
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Trapped modes at cut-off
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Longitudinal case: resistive wall
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Trapped modes at cut-off

60
™ Longitudinal case: resistive wall
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Trapped modes at cut-off
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Longitudinal case: cavity #1

> Insert impedance: inductive side of the
insert resonance R; + jwl;

> Beam pipe impedance:

Y.
Below cut off: capacitive C, = o
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Trapped modes at cut-off

L=1/16 M 0 =10"2S/m
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Trapped modes at cut-off

Longitudinal case: cavity #2

> Insert impedance: capacitive side of the
insert resonance R; + 1/jwC;

> Beam pipe impedance:

Y.
Below cut off: capacitive C, = o
’ oen/fR -2
F2_ f2
Above cut off: resistive R, = Z, 7 co

I_X No resonant behavior below cut-off!
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Flanges with Alumina

> Trapped mode at cut off — apparent for small conductivities o = 10"*...1072S/m
> Complex permittivity — We can define an equivalent conductivity 0eq = Woo€, tan o

> Beam pipe flanges: very thin interconnections, filled with low losses materials such as Alumina
e/ =94, tand =4-107* > 0oq = wocoertand = 5-10"*S/m at cut-off.

b=>5cm,t =30cm, L =8mm

100

- | ——RealZ/L) Demonstrated the presence of a trapped mode close
= ! Imag(Z /L . .
S sl - - - ImagZ/L) | to cut-off due to the reactive load of the pipes.
—_ I
- |

N |

o 0 T - \\ -

= I L= N LT

s
s T
0.95 e 1.05

6o —__Realz/L)

=

a 407 — - - Imag(Z/L)"

~ 20}

N of— —

"-.-; ] P

B -0 v,

Ve

_4 | 1
0.9998 0.9999 M1 1.0001 35



Flanges with Alumina

> Trapped mode at cut off — apparent for small conductivities o = 10"*...1072S/m
> Complex permittivity — We can define an equivalent conductivity 0eq = Woo€, tan o

> Beam pipe flanges: very thin interconnections, filled with low losses materials such as Alumina
e/ =94, tand =4-107* > 0oq = wocoertand = 5-10"*S/m at cut-off.

b=>5cm,t =30cm, L =8mm

100
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Conclusions and outlook

» Conclusions:
v Demonstrated Mode Matching capabilities and performance with extensive
benchmarks.
v Demonstrated a non relevant (for the moment) impact of segmentation on
collimator impedance reduction.
v" Demonstrated potentially harmful existence of trapped mode at the beam pipe cut-

off for low conductivity (or equivalent conductivity) materials.

» Outlook:
v" Extension of the Mode Matching to more complicated models.

v" Interface with CST Eigenmode solver for automatic eigenmode decomposition.

v Including surface losses.
v



Many thanks!
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modes at cut-off
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Transverse case: cavity #1-2

> Insert impedance: More complicated

model, we can have resonances for both
cases

> Beam pipe impedance:

Z
Below cut off: inductive L, = 0

27TV c20_f2

2 _ f2
Above cut off: resistive R, = Z, / co

f

' The simple circuital approach is here
not sufficient

40
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