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Crab cavity damping

1 x HF Damper
1 x Field Antenna
3 x HOM Coupler

Double Quarter Wave
(DQw)

Damping requirements:

ZJ_(x,y) <1 MQ/m

Zy < 200 k)

1 x H-HOMC
1 x V-HOMC
1 x Field Antenna

Radio Frequency Dipole

(RFD)
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Crab cavity damping

S Measurements: Pre-Installation

@ Measured mode parameter deviation from simulations.

 Dressed cavities tested without beam.
 Dressed DQW tested with beam!
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Cryogenic (2K) RF perf. of DQW + HOM coupler

STUDY Il - DISCRIMINATE QUENCH FROM CAVITY OR COUPLER

Retracted filter using 20 mm spacer reduces Bp in hook by 50%, allows reaching Vt ~ 5.1 MV. @ frange: -0.9% — +1.0%, Q-range: -50% — +100%
Assume May18 test was limited by Bp(filter) ~ 120 mT. With spacer, the field in hook is only 60 mT, so the field in @ 959 MHz mode
the cavity will be now the limiting factor. That is, we will expect voltages around 5.3 MV.
» Frequency: + 3.31 MHz and + 3.47 MHz
Q-switch due to NbTi spacer becoming normal conductor: Q-switch ~ 1.7e10 <> ¢ = 1.3e6 S/m. » Q-factors: - 15% and - 30%
101
J. Mitchell (1
S " switch ,, % , @ Single bunch coast (one bunch for many hours).
5 o (NbTi) » o | @ Measurements from each coupler compared to analytical calculations
5 10° =z 5N ¥ ) | (impedance spectra altered with measured frequencies and Q-factors).
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Deflecting voltage Vt (MV)
: : : ; : (a) Analytical and measured (average from 3 (b) Normalised bunch profile (form of current
0 10 20 30 40 50 60 couplers) HOM power for single bunch. source).
Peak surface electric field Ep (MV/m)
Jul8 and Sep'18 run I 0 20 40 0 % R 1o @ General form matches well (HOMs seen where predicted).
not shown: see backup Peak surface magnetic field B (m!] S V d A d @ Analytical power under-estimated.
. e r u - n res » Misrepresentation of proton bunch distribution.
» Underestimation of impedance spectra.
» Error in the measurement signal.
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Topics

1. Dynamic heat loads (gasket heating)

2. Change of characteristic impedance (Z,)
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P= | H*R. dA

Dynamic Heat Loads

* Dynamic heat load on gaskets reduced by:

v

A i\

Cc
<a<—

2fo

2fHOMl

Rejection filter before the gasket.

Waveguide with f. > 400 MHz

- complicated geometry - hard to machine and weld
- high fields on hook - higher nominal gasket heat-load
- broad notch (mW level heat-load) - less sensitive to tolerances

Could complex couplers and cavity shapes could be avoided with SC seals?
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P= | H*R. dA
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Dynamic Heat Loads

* Dynamic heat load on gaskets could be reduced by: Superconducting seals*.

* Resulting in more ‘manufacturable’ cavities and couplers.

mm We are trialing several options for tests!

Copper ~1e-3

Niobium ~20e-9

4
(e/f)/4 = (3E8/400E6)/4 = 188 mm

Future high energy machines - mass production.
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Do superconducting seals allow simplification of cavit

On DQW the copper gasket and coupler geometries?
heat-load is 2-20 W

*Existing literature on the use of superconducting seals in back-up slides.
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Changing Z,: Manutacture and Transport
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@ 7(OD* — ID*%)
MI= 64

L3F
Deflection =

Changing Z,: 50 Q > 25 Q o

Bending Stress =

M1I/(0.5h)
e ...concerns over thin diameter in feedthrough.
* Changed to Zo=25Q.
M T
ob| ID cD
Transported in horizontally position.
Large moment on thin inner conductor!
1 *

= CD=40mm, T=1mm 0.9

0.8
L 2>(0 _| _Dimm]

2
20
§
increases by factor of 3.7 if we move 7 7 06 2
to 25 Q. 5 0.78 0.5 ;ﬂ
04 £
‘ 50 2.90 03 ¢
Bending stress reduces by at least 02 £
factor of 30. X 25 10.77 01 2

0

50 40 30 20 10 0

Zo [Ohms]

* Approximation without taking into account the boundary conditions of the ceramic.

Shock test results and videos in back-up slides!
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Changing Z,: 50 Q > 25 Q

With the steps and clearances needed for manufacture.
Inner diameter of 14 mm gave best broadband

matching!
* Chose 25Q, because250=50Q1]] 50Q —
* Feedthroughs designed. \ f
0
] — HighPower J N
— LowPower
om' ®
=, S i
— : NN RN 22
m Iy
) - gl AN
ol iERa=—— 7 N
0 200 600 1000 1400 2000 i
Frequency [MHz] - S

There is now a common 25 Q feedthough validated with thermal shock and ‘drop test’.
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Changing Z,: 50 Q > 25 Q

e DQW HOM coupler

* Decrease in transmission at high power mode frequency (960 MHz).

* Re-tuned - now impedance for this mode is the lowest it has been!

S-Parameters [Magnitude in dB] S-Parameters [Magnitude in dB]
0 g g T ; g g g 0 - . - - -
20 4 5 4 t{-|25_0hms : -27.426351 ]
o o i | | 25_OhmsRe-Tuned : -24.964263
S 40 5, 10 1 . - S e N
— — | |50_0Ohms : -27.080329
T 60 - B 15 1 -
% g0 %5 20
¥s] e
& 100 & 2
~ o~ -30
o -120 +- y
] 35
-150 -0
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Lo Tl (P Frequency [MHz] Frequency [MHz]
| |0 |

Design thresholds are met with 25 Ohm matching for both cavities!

Cavity impedances in back-up slides.
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Changing Z,: 50 Q > 25 Q

RFD

(-mm=mmmm————=

To be

tested in
SPS (2021

Not to scale.
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Changing Z,: 50 Q > 25 Q

* Infrastructure and measurement challenges.

e 25 ohm cables and loads are not standard: Make cables of match in parallel?
* Using a 50 Q VNA: port re-normalization, de-embedding, 50 Q =25 Q adapters.

matrix S, that is, with respect to the port impedance matrix

Zoy O -+ 0
0 Zgg -~ O
Zo=| . . .
0 0 - Zo

we, first, transform S to an impedance matrix using (2.21)

z2-z7PU-9 ' U+97"

S =2z -2p) (Z+2p) "' 2"

where now areference impedance matrix of Z is used

. zé & ianced pors

S’ is then with respect to Z'o. Of
to 50 © in which case all the diag Physical Ports

PP

. -
@1 O3 @12 @14

Logical Ports

O BE-RF-PM

Next the impedance matrix is transformed into the S-parameter matrix S’

[er [[»a ([ P2 [ pa

Port renormalization
built into new VNAs!

Reference Impedance

| Logical Port Property (L3)

WARNING:
Must de-embed adapter to 25 ohm section!

single Ended Mode

npall,n v lm-i Il)
en:

option is only relevant if Im(Z0)
1 at least one test port is z 0 Q!
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Conclusions and Discussion points

Dynamic heat loads

We have reduced H-field.

Could reduce Rs.

Could this lead to simpler structures?

Is there a want for this in the accelerator community?

20=25Q

©26.4

* Inner conductor is too thin for transport.

e 25 Ohm infrastructure designed.

* Impedance thresholds met.

* Challenges: infrastructure and measurements.
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hank you for listening!

Thanks to BE-RF-PM and HL-LHC WP4 for the contribution and support.
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Back-up slides
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Fundamental mode RF parameters

Parameter Unit DQWCC RFDCC
Frequency, fo MHz 400.44 400.75
Loaded Quality Factor, Q) - — —
r/Q. 1 Q/m 429 432
Deflecting Voltage, V| MV 3.4 3.4
E, MV /m 38 35
By, mT 73 60
Accelerating Voltage, V) kV 13.9 1.9
Stored Energy J 10.72 10.62
R{bs} mT /m? — —

T Accelerator definition.

Ancillary P (Coax) @ VT =3.4 MV [W]

DQW HOMC(1,2,3) <0.01 <0.01 <0.01
DQW HF-Damper 0.16

DQW FA 1.02

RFD H-HOMC 0.13

RFD V-HOMC 0.42

RFD FA 0.97
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Fundamental mode heat loads

DQW
u=1J VT =3.4MV VT =5.0 MV
Component Material
Ploss [W] Qo Ploss [mW] Ploss [W] Ploss [W]
Cavity body Nb 0.59 4.26E+09 592.34 6.35 13.73
HOMC1 Nb 0.00 1.35E+12 1.86 0.02 0.04
HOMC1 gasket Cu 0.00 3.67E+12 0.69 0.01 0.02
HOMC2 Nb 0.00 1.11E+12 2.26 0.02 0.05
HOMC?2 gasket Cu 0.00 3.07E+12 0.82 0.01 0.02
HOMC3 Nb 0.00 1.12E+12 2.26 0.02 0.05
HOMC3 gasket Cu 0.00 2.92E+12 0.86 0.01 0.02
FA Cu 0.00 3.14E+12 0.80 0.01 0.02
FA gasket Cu 0.00 6.18E+16 0.00 0.00 0.00
HF-Damper (Nb) Nb 0.00 7.51E+14 0.00 0.00 0.00
HF-Damper (Cu) Cu 0.00 6.94E+13 0.04 0.00 0.00
HF-Damper gasket Cu 0.00 4.16E+17 0.00 0.00 0.00
Total [W] 6.45 13.95
RFD
. u=1J VT =3.4MV VT =5.0 MV
Component Material
Ploss [W] Qo Ploss [mW] Ploss [W] Ploss [W]
Cavity body Nb 0.50 5.02E+09 501.07 5.32 11.52
H-HOMC (Nb) Nb 0.00 2.48E+16 0.00 0.00 0.00
H-HOMC (Cu) Cu 0.00 6.37E+14 0.00 0.00 0.00
H-HOMC gasket 1 Cu 0.02 1.53E+11 16.41 0.17 0.38
H-HOMC gasket 2 Cu 0.00 2.39E+15 0.00 0.00 0.00
V-HOMC (Nb) Nb 0.00 1.04E+13 0.24 0.00 0.01
V-HOMC (Cu) Cu 0.00 1.57E+12 1.61 0.02 0.04
V-HOM gasket Cu 0.00 5.99E+16 0.00 0.00 0.00
Field Antenna Cu 0.00 1.14E+13 0.22 0.00 0.01
Field Antenna gasket Cu 0.00 2.69E+16 0.00 0.00 0.00
Total [W] 5.52 11.94
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Impedance spectra
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Changing Z,: 50 Q > 25 Q

* ‘Shock tests’ on-going.

:
5
£
E
c 4
.0
© L
E3 Brazing issue:
ug Wall thickness limitation.
a . ‘ -
2
1
0
0 10 20 30 40 50 60 70

Height of fall (mm)

25 ohm feedthrough was shown to be
more resistant to a shock!

TTC 2020 james.mitchell@cern.ch



High Power HOMs

e Coaxial line power is becoming comparable to FPC power.

Using HL-LHC beam parameters:

Z [kQ/cavity]

Purstcase (Paverage) [KW] T B
Gaussian Sinomal : 1031:1:i:1:L i 1:
ﬁ 5 bunch bunch g wjiiiii i i
il loaw | 1002 [ osen | & b0
"1 ,r RFD 74(08) >9(0.7) 10550 : 7':-';JI 8(§JiO 850A 900 i 95 i Tooc
- HOM power from 10,000 stochastic simulations. 1 Frequency [MHz] 1

Parameters: bunch length, bunch form coefficient, mode
frequencies and mode Q-factors. RFD DQW

Worst case power at these frequencies.

* Infrastructure for HOM couplers is becoming larger and more difficult to
assemble/replace.

* What will be the best damping method for future machines?

=
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ImageGen

V!

4
(c/f)/4 = (3E8/400E6)/4 = 188 mm
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