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Couplers

HPRF High Power RF station (including power transmission lines)
FPC Fundamental Power Coupler

HOMC High Order Modes Coupler

LLRF Low Power RF

Controls

Cryomodule

HOMC &
LLRF Field Antenna
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FPC design

Design started in Dec 2012
at Fermilab with an
Interesting discussion to
Increase the outer diameter
to Its maximum

Initially, | though you were
kidding me asking 100 kW
In a D40/d17 mm coaxial
line

HE Zrb Caere Engineering bl eeting 13 Deoamber o

Common Crab Cavity FPC Platform

« We propose to stick to these design parameters :
= LHC window or Dizk window
= Waveguide line to coaxial antenna
= Plug and play waveguide
= C biasing (if E antenna)

Inner cooling tube

= Preferably E antenna (no stress to the ceramic) FFPC
= Same simple straight pipe DT o
= If possible 50 £ antenna (easier for mock-up measurements) _ o

- Specifications from Rama :
= gavity FPC port diameter : 40 mm / 36 mm / 40 mm
= DT : 40 mm T
= Innerline : 17 mm ! s T
(two tubes, cooling inlet (4,/6) + cooling outlet (13/17))

= Can we increase the DT diameter ? :
= Incompatibility between the sizes and power level requested t _
= Should be the main topic at the FPC dinner table tonight ! RF power amplifier
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Quarter Wave

FPC design

Outer line = 62 mm
Inner Line = 27 mm

End shape of the antenna :
* Special hook with no outer
contact, shape to be given

Penetration length from
cavity flange :

« P mm to be given

Cavity port :
Stainless Steel 316 LN flange
Perpendicular to beam tube
Preferably on top of cavity

Outer line = 62 mm

After a long discussion, you ~— TS e
were so kind to agree to Double Ridge
iIncrease to D62/d27 mm for

Outer line = 62 mm

all three designs

End shape of the antenna :
R13.5 mm or shape to be
provided

P mm
8l 316 LN flange

F to beam tube
ntop of cavity

[Pk LM Crab Cartn Engmaering Uaeing FUAL 1314 Dacartr 3013

F

Penetration length from
cavity flange :

P mm to be given

Cavity port :
Stainless Steel 316 LN flange
Perpendicular to beam tube
Preferably ontop of cavity




FPC design

Coupler to cavity

In January 2013 we made a At a later stage, outside
' . clean room, remaining
first proposal having a items will be mounted
common SOIl.Jthn for all Cavity vessel will have to
three FPC with a clean be robust enough to
. stand all these items :

room part and an outside Total Weight without air

line : approximately 15 kg
Clean room part Total Weight with air line

{coaxial + WG):
approximately 35 kg

_ Cryomodule

Bellow between
caupher and
cryomodule

Cavity and its
helium vessel

HilLumi )
HL-LHE PROJECT




FPC design

At the end of 2013, we had New crab
a design that was almost FPC design
the final version, still
compatible with the three
cavities

‘ HHL-I!I-%LI%OJENI’ International Review of the Crab Cavity, 19-21 June 2019 - CERN FPCs & Other Couplers, eric.montesinos@cern.ch



FPC design

Finally, Fall 2014, Project FPC 3.0 (x 2 - Fall 2014)
down selected to two

cavities, and we completed Two versions only
the two FPC designs

Pseudo-conical air extension

cooled with forced air

FC = 400 MHZ Water cooled antenna
Pmax = 100 kW average

_ _ _ Mandatory vacuum gauge
CO&XIal dlSk WlndOW for coupler protection

No doorknob, coaxial to WG
ensuring the matching

Slightly different hook
& RFD longer than DOW
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FPC design

DQW FPC RFD FPC

Regarding
FPC
the difference
Is only the
length of the
antenna and
the shape of
the hook




FPC test box

FPC current status, test boxes| " o

In order to test the FPC we T w
Two tests boxes have been

need a test box simulated

(See Adam Tutte spare slides,
excellent job)

We mount face to face to ‘l’ml‘”“ss :“* being [F;*Efa;“‘
+ 1 test boxes available Y
FPC and the test box April 2016
ensures a perfect | R

transmission such that we
can power both couplers
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FPC test box

As Crab is with high
gradient, we needed to take
care of the FPC in clean
room from the first day,
Including assembly on the
test box

We first prepared all actions
on a flip book, we trained
ourselves on mock-ups
outside clean room
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FPC test box

During the assembly in
clean room, we learnt a lot

on many details, and we
Improved our processes
and tooling

=

We 3D printed several tools
In Acura 25 that allows to
avoid polluting the items




FPC test box
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FPC test box
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FPC test box
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FPC tests

Following the experience
with all the couplers we built
over the last decades, we
learnt that a well done bake
out process considerably
helps to speed up the RF
processing time
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FPC tests

Two couplers face to face
have been processed

TW 75 kW 10 ms @ 52.6 Hz
TW 46 kW CW

We also processed them at
the same values in SW, full
reflection all phases

To date we processed
2 X DQW (in SPS test)
1 x RFD & DQW
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FPC outer line

Despite we did it with all our
couplers, copper coating was
always a challenge

This one was as always,
complex before being
successful

We launched a study in order
to define the best way to build
it, the consolidated design
will be ready for the next
couplers
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Assembly in clean room

Once the FPC have been
RF processed, we

assembled them in clean
room

We again did the same
preparatory work, with flip-
book and training on mock- #
ups taking into account :
recommendations form the
Clean Room review

C Ly
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Assembly in clean room

We then assembled the two
DQW FPC from their test
box to their cavities in SM18
clean room

All went very smoothly
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Assembly in clean room

Once they have been
assembled, the frame with
two cavities i1s moved
outside the SM18 clean
room

(metallic wheels on metallic
rails, no dust)
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HL-LHC FPC

SPS test was very useful to
validate the design

As everything went very well
with the FPC during all the
SPS tests, we decided to
keep the design as it is

We already launched the
series production of all FPC
in order to stick to the
planning and to deliver FPC
to all Collaborations in due
time
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FPC timeline

| 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 |
Run 2 E§5 Run 3 Run 4

SPS DQW

»
L 4
1 4

2 FPC SPS SPS

SPS RFD

L g

L 4

+- +-
2FPC SMm18 SPS

LHC DQW
et
Pre-Series Series
2 FPC 10 FPC

L 4

LHC RFD

L 4
L 4

Canada
10 FPC
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DQW HOM
Couplers and
Field Antenna

and their
‘ancillary (the
DQW cavity)’
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HOM Couplers & Field Antennas

RFD HOM
Couplers and
Field Antenna
and their
‘ancillary (the
RFD cavity)’



DQW HOM RFD HOM
couplers and couplers and
their RF their RF
power lines power lines
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HOM Couplers & Field Antennas feedthroughs

e = 20 (2) Zee~ 201 (2)
ceramic ~ \/S—r n d ) “ceramic n d

LEP & LHC Crab vl Low power
wrong design
with rod instead tube
cracks during vertical tests
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Feedthrough thermal test

1. Leaktest
Keep the feedthrough under vacuum

N

3.  Submerge the feedthrough slowly in liquid nitrogen
4. For 120 seconds leave the piece
5.  Slowly lift up the piece emptying any excess liquid
6. Submerge the feedthrough slowly in warm water
7. For 120 seconds leave the piece
8. Slowly lift up the piece emptying any excess liquid
Low power
9. Repeat5times steps 310 8 «
10. Leak test Validated for SPS test

With power limitations ok as it was
not intended to have high power
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HOM Couplers & Field Antennas feedthroughs

h | Ideal design D39.7/d3.1 ; Z =50 Q
= _ o ln (2) 3 L oramic ~ 201n (g)

Ceramlc
Ve, \d

Crab design D39.7/d6 ; Z=38 Q

We started looking at a new design with copper tubes as inner lines, keeping in
mind copper diameter and thickness through the ceramic

We agreed with Rama not to stick to 50 Q even at a cost of some additional
reflections for HOM, but...
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| started to be scared by ... this

SERANRARTIT NUARRAARR
o ——— =
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And by ... that

What Ofelia and Marco
showed yesterday is not
to reassure me...

Series cryomodules

See presentation of Kurt Artoos and Thormas Jones “Transport Aspects’
See presentation of Luca Dassa “Technical Specifications and Guidelines for Compliance with CERN
Safety Rules”

See presentation of Enc Montesinos "CERN FPC & Othercoupiers for HL-LHC CC”

See presentation of Germana Riddone “Vacuum forHL-LHC CC*



HOM Couplers & Field Antennas feedthroughs

ldeal design D39.7/d3.1 ; Z =50 Q

e =210 (2) s Zw~ 200 (2)
ceramic ~ \/S_r n d » “ceramic n d

Crab design D39.7/d6 ; Z = 38 Q

In order to make it much more robust,
Rama had the clever idea to propose 25 Q

Crab design D40/d12 ; Z=24 Q
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Feedthroughs 25 Q

In order to check it we did
simulations and 25 Q is with
no doubt more robust

Calculation 25 ohm VS 50 ohm

New designs that should be calculatedfor comparison

Caleulatingthe maximum using bea

o
Da0/d12 &
endin o
250hm = 343g uber)
. Calcula
ndingfor 50 o
U
Dao/6
S00hm = 207g

s3 pgroge

d
rameter: holesize in Cu bar
‘orce: 10times the weight of the Cu line

Courtesy Frida

“ For a given tube thickness 25 Q is four
- timesnore robyst than 50 Q

- ® B &
ﬂ."y".

Courtesy Eduardo

Transport analyses

Qualitative evaluation of the maximum stress for different diameters of the
alumina window and thicknesses of the copper wall - Shoek and random
vibration® (truck transport) analyses,

Maximum equivalent stress

Shwral byl s, 103 -0 e Rargien Wbration salyss

-1 E
k- WA O B s - AL o W A - M
T O VRl B e G | i Wl 0% e
Foof Tt g S Rt
B e e
e i
\
i
L |3
T 13
& ., W "
E:m- o tm o 4 E
g T E
d i el T i i T
e | — -~
° . . - . . — =y
B B m om T BB W A Hoo®
Irzar di prmter of tha slum s window [rm] i R BT O s 0 s ] o | #37]

Moving from d6 to d12 reduces more than twice the stress

* Increasing the diameter of the alumina window decreases the mazimum stress in
both the copper and the alumina.

*PS0 extracted from ASTM D469



Feedthroughs 25 Q

We also did some tests to
have ‘a feeling’ of the
shocks and how the
Increase of diameter is
really better despite the
Increase of weight
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Feedthroughs d

10 cm 20 cm
Drop Drop
test test

Frida and Sonia tried to destroy the feedthrough, even if the ceramic did not brake
it deformed such that it will be un-usable for RF purposes
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Feedthroughs 25 Q

_ SR Drop test summary
The thickness of the copper thickness
. deform
tube is a key parameter 7 " tao quickly -
Too thick, we cannot braze it ° thckness
Too thin it will not reinforce £’ Thermal OK
the feedthrough enough ch g
E3 2.5 mm
..8 thickness
. . o2 Brazing
Even with a thicker copper . NOT ok
tube, 50 Q feedthrough is .
more SenSItive 0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Height of fall (mm)

‘ HHL-I!I&-L%OJECTI’ International Review of the Crab Cavity, 19-21 June 2019 - CERN FPCs & Other Couplers, eric.montesinos@cern.ch



Feedthroughs 25 Q

Jamie’s talk on Thursday morning

HOM Impedances

Z, [kQ/cavity] Z, [kQ/cavity]
& & 1) DQW BeforeChanges @ @ 1) RFD_BetoreGhanges
+ + 2 DOW ARerChanges + + 2) RFD_AfterChanges
103 ||x # 3 DOW ARerChanges 250bms 103 || ® 3 RFD_ARerChanges 250hms

z 2

£ . £

Swfg . L S 102 °

] & =

= ° a2 S . o

N 10! ° PR N 10 o o"O.
. : -
te B 50 foe

100 ° PY S 100 :

600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600 1800 2000

Finally we also checked RF

Z, (VERTICAL) [kQ/m/cavity]

106 Z, (VERTICAL) [kQ/m/cavity]

behaviour of the HOM

10*

z z
> =
H H
3 b 0 o0 5
. £ . - H
2 S
couplers that validated the St N I
N . L) ) N
“ar e %raige °
100 ° % LIPS YIS 100 o, ] e *
600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600 1800 2000

.
option

10*

Z, (HORIZONTAL) [kQ/m/cavity]

[ @ 1) DOW_BeforeChanges

Z, (HORIZONTAL) [kQ/m/cavity]

[ @ 1) RFD_BeforeChanges

+ + 2) DOW ARerChanges + + 2) RFD_ AfterChanges
K3 % » 3 DOW AferChanges 250hms > » & 3) RFD_AfterChanges 250hms .
z + = 10°
z H
8 < 3
& g
5 ® . 3 .
£ 102 t . Z 102
= - . = .
N 2] . 4 N LIRA .
1 N S S—) — - I.A_‘_~..___L___.
10 ' .
600 800 1000 1200 1400 1600 1800 2000 10" 556500 1000 1200 1400 1600 1800 2000
Frequency [MHz] Frequency [MHz]

J. Mitchell (CERN, BE-RF-PM)
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Feedthroughs 25 Q

We finally did again the
thermal shock test with the
selected feedthrough design,
and it passed successfully

Kurt and his team (thanks in
advance!) (Kurt’s talk Friday
morning) will make the full
mechanical analysis in order
to define the limits to be
Imposed during the
transportation of the devices

1. Leak test

~

® NG AW

9.

10. Leak test
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Keep the feedthrough under vacuum

Submerge the feedthrough slowly in liquid nitrogen
For 120 seconds leave the piece

Slowly lift up the piece emptying any excess liquid
Submerge the feedthrough slowly in warm water
For 120 seconds leave the piece

\'f

Slowly lift up the piece emptying any excess liquid
HL-LHC Crab
Repeat 5 times steps 3 to 8 250



Custom DN 40 flange

In order to help with the 25 Q design, we 740
asked to increase the outer diameter of ~ _ -
the ceramic to 40 mm, this was the ,

maximum available with respect to >t 2.13

integration of the components in the Distance we

cryomodule know worked
. . ; for pick up dqw

To minimize the stress given to the ' | - SPS

ceramic, we then asked to move the g j u

vacuum knife to a larger diameter i 0.95

Even if we already successfully ) Distance if keeping
operated this CF Ti (feedthrough) vs CF ; cavity flange as the
StSt (Cavity) with the DQW-SPS design is at the

cavities, we will make deeper tests to re-

/ . : moment
validate this option
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|

s

End tip in Niobium

N

Constant matenal propertes H, 5, =5000 A/m
T dependent material properties

=

=
[

Maximum Temperature [K]
@
b

& (2]
o
—
eat
®
4 ||
N
i
A

o

2 4
Deflecting kick [MV]

Looking at the power

losses, Eduardo and Ofelia Ny

found out that DQW HF- h N

HOM mushroom and RFD w | " N HZ;

V-HOM hook should be
P= P=0.073mW P=64.3 mW nw

made in Niobium in order to

minimise heat |OSS Some simulations extracted from the very well written report of
Eduardo and team that will be presented at the next SRF19
AN INSIGHT ON THE THERMAL AND MECHANICAL
NUMERICAL EVALUATIONS FOR THE HIGH-LUMINOSITY
LHC CRAB CAVITIES
showing the need of Niobium end tip of

ﬁ DQW HF-HOM and RFD V-HOM
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End tip in Niobium

Said and his team designed
a specific Niobium/Copper
Interface that will later be
EBW to Copper/Copper and
Niobium/Niobium

Doing so, we minimize the
risk of difficult EBW with
expensive items
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Standard 25 Q feedthrough

H ST1044445
We design all HOM ST1046839
Couplers and Field

Antennas to be with the

same 25 Q feedthrough to $T1045730
the biggest extend possible
E S§T1080125
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ST1118614

S$T1121302




Standard 25 Q feedthrough

@ (#[o.2[A]

922 AL

-

We now have a robust
feedthrough design validated I
with thermal shock test e s

. e 20.1 |wg|,osn ASSEMBLY TOLERANGES ACCORDING TO IS0 13020-AE (01-0B-1098) \
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Standard 25 Q feedthrough

Several details still need to ="
be validated, however we
already produced 3D and
2D models that are Uu'“; H g
compatible with all solutions a
such that we were able to v
launch the purchase of raw Erma—_
material in order to keep the .

construction feasible within BT 6 s,
our tight schedule iy TER

. =9
e i oo 5 mm
HHE B : =S| o R ——
f o bk — | W
PP [ o
i =5 N G T
i N »
&

[ =]
[u
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Coaxial lines

We have not yet worked out
details of the coaxial lines

This will be done very soon

We already contacted
cables suppliers and they
are working on it as well
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HOM Couplers and Field Antennas

| 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 |

Run 2 Eg 5 Run 3 Run 4

SPS DQW

o > VSTTTTEETTTr e e 3
Preparation SPS SPS

SPS RFD

L 4
L g

g g
Preparation UK/ SM18 SPS

o
v

DQW
¢ -

Pre-series Series

RFD (US-AUP)

Weekly Vidyo meetings CERN/US-AUP to share
concerns and proposals
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Conclusion

FPC have proven to operate as expected
We launched the series production
Outer FPC lines to be improved, task already ongoing

HOM couplers in SPS have been to specification

Issues with feedthroughs solved

New 25 Q concept, necessary, validated (RF + mechanical)

New 25 Q design almost complete, almost all raw material ordered
Will be very challenging to stick to schedule, we are doing our best
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Thanks to all colleagues involved with the SPS FPC, HOMC and Field
Antenna devices (special thanks to Antoine, Seb, Frida, Sonia, Jamie, Ofelia,
Kurt, Eduardo, Said, BE-RF-PM team & all MME teams)

Thanks to Rama and Ofelia (WP4 leaders), to RF management, to BE
management and to HL-LHC management for supporting us with this very
exciting (and very challenging) project

We (BE-RF-PM & MME teams and all associated colleagues from many
groups) are eager to provide HL-LHC with fantastic Couplers
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