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Review Charge

Specific questions to be addressed by the review

1)

eering Review, FPC & Transmission Lines, eric.montesinos@cern.ch

Does the design meet all the functional requirements of such a
cryomodule?

Have all important issues been covered by the project team?

Have all the design aspects been studied sufficiently in detail in
preparation for manufacturing? Are-there particular area where extra
design effort is needed?

Are there risks associated with the design that could or must be
removed or mitigated at this stage?

Is the proposed schedule related to SPS tests realistic?

Are the general plans and criteria for cryomodule development past the
SPS application and into the HL-LHC period (post-2024) correctly
defined? Is there any particular area that should be studied in more
detail at this stage?



FPC History, 2010

LHC-CC10, 4th LHC Crab Cavity Workshop
15-17 December 2010

W. Weingarten & E. Montesinos, Coupler (FPC & HOM) concepts

for compact cavities
(https://indico.cern.ch/event/100672/session/3/contribution/30)

fo

400 MHz - — Imposes a single window FPC

Average Power

15kW

Q.. of input coupler

Fixed

Coolant

Aircooled s CERN’s rule that we always

try to apply



https://indico.cern.ch/event/100672/session/3/contribution/30

FPC History, 2010
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Long
experience at
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LHC 400 16

Coaxial Disk windows One cylindrical window

SPS .
GG i.e. 2200 tw cw

KEKB 509 300 1420 8 (.o 22 &) . .

CEA-HIPPI 704 120 1200 2 LEP 352 550 tw ew 565 tw ew 252 S I n g I e W I n d OW

IHEP 500 150 270 2 SPS (19762000, 200 375 500 16

JPARK 972 30 2200 23 SPL 704 100 1000 CO u p I e rS fo r

NS 805 78 2000 23 ESRF / Soleil /APS 352 500 1000

SPL 704 100 1000 Prototyping ongoing

high average
Power:
SPS — LEP — LHC

5 4th LHC Crab Cavities Workshop, 15-17
2010, CERN

CERN, BE-RF-SR, Eric Montesinos

LHC-CC10, 4th LHC Crab Cavitic. % .. . . } LHC-C®
\ December 2010, CERN CERN, BE-RF-SR, Eric Montesinos / \ Decembel

~

Waveguide windows Two cylindrical windows )
Cold window

Frequency Average Power Peak power # in operati b
[MHz] kW] kW] constructed Coupler ) O # in operation or ea vacuu
ViHz [kW] constructed
SpS 801 25

225 (more ?) 8
) ——— . w e coupler vacuum)
ENAL /TTE I 1300 403 1000 32 . . .
o e is difficult to cool
Linac 4 352 140 1400 Prototyping ongoing

= down enough for
high average
power coupler

Cold window (beam vacuum /

coupler vacuum) is difficult to cool

down enough for high average power

coupler

LHC-CC10, 4th LHC Crab Cavities \’\m‘ks‘h(qx 15-17 ; ; LHC-CC10, 4th C Crab Cavities Worksl
\ December 2010, CERN CERN, BE-RF-SR, Eric Montesinos / \ December 2010, CERN
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FPC History, 2012

LHC Crab Cavity
Engineering Meeting,
FNAL

13-14 December 2012

Power Coupler Interfaces &

RF System
(https://indico.cern.ch/event/136807/0

Parameters

Fc 400 MHz

Pmax 50 kW cw

26
LHC Crab Cavity Engineering M. - "
Common Crab Cavity FPC Platform
» We propose to stick to these design parameters :
= LHC window or Disk window
= Waveguide line to coaxial antenna
= Plug and play waveguide Inner cooling tube
= DC biasing (if E antenna)
= Preferably E antenna (no stress to the ceramic) FPC
= Same simple straight pipe DT
= If possible 50 Q antenna (easier for mock-up measurements) /
« Specifications from Rama : —— \& —
= cavity FPC port diameter : 40 mm / 36 mm / 40 mm ; A
o DT : 40 mm s . ‘?’5‘3&;

= Inner line : 177 mm
(two tubes, cooling inlet (4/6) + cooling outlet (13/17))

= Can we increase the DT diameter ?
° o and power level requested 1 )
o Should be the maMytopic at the FPC dinner table tonight ! RF power amplifier

ther-view?view=standard)

High
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Initial sizes of 40/17 mm
increased to 62/27 mm

ng Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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FPC History, 2012

LS2 was expected 2018,
Tests in SPS during 2016 & 2017

LHC Crab Cavity
Engineering Meeting, Schedule

2013 2014 2015 2016

FNAL | = 0

February

« Cavities to be installed in SPS in December 2015

« Cryostat fully tested Q3-2015
13-14 December 2012 - Chvost fully resed .01
« Couplers available for cryostat Q1-2015
« Couplers RF processed 50 kW SW cw all phases Q4-2014

» Couplers assembled in clean room Q2-2014 onto test box

POWE r CO U p I e r I nte rfa Ce S & » Special processes FPC + Test Box (Cleaning, Brazing, EB welding, Gold

plating, Ti coating) completed Q1-2014
« All couplers + Test Box parts machined Q4-2013

RF System Al el e Oy
(https://indico.cern.ch/event/136807/0

» (common) Coupler design completed February 2013 (+ Test Box !)
ther-view?view=standard)

B High
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FPC History, 2013

January 2013

First FPC design proposal
compatible with the three
cavity designs

Outer line = 62 mm
Inner Line = 27 mm

End shape of the antenna
R 13.5 mmor shape to be provided

Penetration distance from cavity
ﬂange P mm to be given

Cavity port
Stainless Steel 326 LK flange
Ferpendicular to beam tube F mm

Preferably on top of cavity or angle
to be provided

Double Ridge

Outer line = 62 mm
InnerLine = 27 mm

End shape of the antenna
R a3.5 mm or shape to be provided

Penetration distance from cavity
flange P mm to be given

Cavity port
Stainless Steel 326 L flange
Ferpendicular to beam tube

Preferably on top of cavity or angle
to be provided

Quarter Wave

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 :
Fmmitc g

Ven

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

gineering Review, FPC & Transmission Lines, eric.montesinos@cern.ch




FPC History, 2013

Double walled Tube

thd >

CERN will provide a ==
commeon Outer line to
J a n u a ry 2 O 1 3 connect coupler to cavity :
Cavity flange DNéE3
Cryomodule flange to be
defined 114 mm
e . Length to be defined =
First FPC design proposal . —
Cavity flange DN63 :

Inner diameter =62 mm
Quter Diameter = 114 mm

CERN will also provide a—

specific copper gasket with
RF & Vacuum function

compatible with the three

cavity designs

Schedule Windows
CERdN willgrod\_xide g 7
. . windows, bodiesan )
3D drawings for approval : February 2013 Antanna:
Length defined regarding

2D drawings (EDMS): March 2013 cavity input port

These will be fully

equipped with :
Vacuum gauge port

Prototypes ready for tests: March 2014

e- monitor ;
Couplers ready for cavity assembly : S';t'::l"c',';‘}-"c'w (are &
December 2014 Cooling of inner line with

inner cang

— __Geneva, CERN, 10-1 - ineering Review, FPC & Transmission Lines, eric.montesinos@cern.ch



FPC History, 2013

Schedule December 2013 (CERN)

. 2013 . 2014 2015 2018 2017

LHC-CC13, 6th LHC Crab
Cavity Workshop,

s Design completed February 2014 (+ Test Boxes MEED DT definition)

9-11 December 2013 _—

= Cavities to be installed in SPS in December 2016

= Cryostat fully tested Q3 2016

= Cryostat fully dressed Q2 2016

= Couplers available for cryostat end Q2-2015

» Couplers RF processed 50 kKW SW CW all phases Q2-2015

= Couplers + DT assembled in clean room onto test box Q1-2015

= Special processes FPC + Test Box (Cleaning, Brazing, EB welding, Gold
plating, Ti coating) completed Q4-2014

= All couplers + Test Box parts machined Q2-2014

= All missing raw material delivered Q2-2014

i

FPC and Amplifier Status

(https://indico.cern.ch/event/269322/o
ther-view?view=standard)

New crab

Conical line on the air side to FPC design

sustain very high average power
in full reflection (SPL experience)

Compatibility within the

8
LHC

High
Luminosity

three FPC by modifying —

the antenna end tip only

ering Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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FPC History, 2014

HiLumi-LHC/LARP Crab Cavity System

External Review
BNL

5-6 May 2014
SPS - RF Power and Coupler status

(https://indico.bnl.gov/contributionDisplay.py?contribl

d=20&confld=728)

FPC — new design

400 MH2

RATIONAL LARORATORY

Schedule May 2014

2013 2014 2015 2016 2017
or s s FPC RF processing s 1550

» Cavities to be installed in the SPSin December 2016

» Couplers processed 50 kW SW CW all phases Q2-2015

» FPCdesign is missing DT & coupling shape & position
(additional delay will impact FPC schedule)

High . b Cawity System Extemssl Re
[ty - - ; 9 fay 7014, BRODKHRVEN
LHC Er an, Edc Mok N-RF - BATCRAL LARGRATEEY

High
Luminosity
LHC

Antenna overheating

Looking at the size of the hook, no
way to design a coeling circuit which
also cools down the curved part of
the hook

Initial design of coupling elements
{BNL-ODU) shown overheating up to h_.
an unacceptable temperature

New coupling element shapes have
been designed allowing acceptable

temperature for the three couplers S

14, RODKHAVEN
HATICRAL LANGRATERY

r ring Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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FPC History, 2015

SPS CCTC
CERN

February 2015

RF power & FPC status
(https://indico.cern.ch/event/374702/)

Down selection to two designs

Schedule February 2015

2013 2014 2015 2016 2017
Hook definidon & = 333 RF processing = = SPs IR
(" FPC Construction | SM18 fests

# FPC design was missing coupling element definition until
November 2014 (Test cavity impossible to be designed)

» Couplers processed 40 kW SW CW all phases Q2-2016

# Cavities to be installed in the SPS in December 2016 2?77

17

FPC 3.0 (x 2 - Fall 2014)

»{ Two versions only

only, with similar hook

Due to high power and very
small inner line, mandatory
water cooled antenna

Water cooled antenna

Pseudo-conical air extension

cooled with forced air

!SIigh‘tI',rdiﬂerent hook

Mandatory vacuum gauge
& RFD longer than DOW

for coupler protection

High
Luminosity
LHC

ering Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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FPC History, 2015

DQW FPC

Regarding FPC
the difference
is only the
length of the
antenna and
the hook

Assembly procedure will not be easy
We will need some preliminary
mockups in order to validate it

High
Luminosi
LHC i

RFD FPC

SP. eview, FPC & Transmission Lines, eric.montesinos@cern.ch
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RFD cavity DQW cavity

Almost the
same RF FPC

The difference is
only the length
of the antenna
and the hook

B High
| Luminosity
¥ LHC

—
ering Review, FPC & Transmission Lines, eric.montesinos@cern.ch 14



FPC History, 2015

HL-LHC / LIU Cost &
Schedule Review

CERN
9-11 March 2015

RF Power systems and
Fundamental Power Couplers

(FPC), WP 4

Scheduled to have 3 + 3 FPC

RFFPC1.0-1.1-1.2, SPS tests prototype

2

= 400 MHz 50 kW CW FPC full reflaction all phases

* Standardized coaxial line 00 82 mm = |D 27 mm for all cavities

* New coupling element shapes have been designed allowing acceptabletemperature
* Apart from hook profile, all other elements are [dentical

—— e

@:
e HL-LHC OS5 Rard w1 = March 3119

Schedule, SPS tests prototype

= Total four RF systems .
005 | ama Jasnr | anue [ 2ma | moan | 2z [ 2002 | amas [ 2e0 | amas |2
First twi systems tested in BB3 {RF test
beench) then maoved to SM18{Cavity test Ll T,

Benchl, ready by end 2005
Second two systems, including two
additional Finaks as Spares, tested in BR3

then mowed to SES, eady by end 2016 2015 2016 2017 208

= Fowr FPC to equip both types of cavities,
ready by mid-2006, too late for SM18
comprebensve lests

ready by mid-2016

High
Luminosi
LHC i

= All being compatible with mitigation plans
Phard Plefrult Bozahe rvmisrion dsecthy Ly the ZPT
Pl Bl Chade 1 CA i 2017 vt o Lo it skt for tabation

PlnC Cualy bath SMr durivg 3017 ard SPStesty 1o202

@:
e HL-LHC OS5 Rard w1 = March 3119

—— e

ing Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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FPC cu rrent Status Air lines to be built:
2 Coaxial to WG systems

Vacuum lines
to be built:
2+1 DQW FPC
2+1 RFD FPC

High
Luminosi
LHC i
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FPC current status, body

.........

8 body lines vacuum leak
tested and ready since 13
August 2015

(was 3 designs x 2 + 2 spares
when we launched it)

—
17



Current status, windows

2 windows leak tested end
October 2015

4 windows expected by end
November 2015

2 windows March 2016

To be fully completed, still need
Final machining

Titanisation
Electron Beam Welding

6 windows end February 2016

2 windows end June 2016




FPC current status, windows

Even if we are experienced with
those ceramic construction at cern,
this time it has been very laborious

Mistake with the titanium flange
machining (CERN)

Mistake with the nickel layer (ceramic
suplier)

Mistake with the silver plating layer
thickness (CERN)

Mistake with the brazing process (CERN)

6 bare ceramics were expected by
March 2015 (will be November)

High
Luminosity
LHC

2s): eview, FPC & Transmission Lines, eric.montesinos@cern.ch
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Both hook versions
machined

2 designs x 3 units
available

6 antennae available

6 water connections
available

20



FPC current status, outer air line

3 outer air lines

completed

Cyclotronic air cooling

Slightly conical

——
21



FPC current status, WG

We tried different construction
processes with the specific
WR2300 (1/4 H to 1/2 H step)

A first 3D printed and moulded WG,
non compliant, was rejected

A second moulded and machined WG
was not so nice

A third fully machined WG was
selected (not more costly than a
welded one !)

Two WG are available

i
eview, FPC & Transmission Lines, eric.montesinos@cern.ch 22



FPC current status, Antenna connection

2 antenna connection are

available

+

2 are ready to be mounted

——— —
23
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FPC current status, antenna air side

Copper water seal
(conflat style)

4 antenna
connections —
are available




Water outlet
Water inlet

FPC current status, cooling

Outer coaxial air cooled
Cyclotronic air input

Air exhaust through bottom holes in
WG flanges

Air inlet

Air outlet
Inner antenna water cooled

Against CERN’s rules, need an
exception as mandatory with respect
to high average power and so small
inner conductor (only 27 mm)

Inlet pipe diameter even only 10 mm

(see Federico Carra talk at 14:10 &
spare slides)

Specific water station to avoid any
damages

High
Luminosity
LHC
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FPC heating

* RF power 40 kW/FPC

FPC current status, cooling| =z

* Thermal loss onthe antenna:
* DQW™~100W

* RF~60W

Outer coaxial air cooled
Cyclotronic air input

* High temperature on the hook => high losses via
radiationtothe 2 K bath!

* Iterative HFSS/ANSYS analysis to evaluate T field on
hookand radiation to cold mass

= With the final solution: 0.7 W/FPC to 2K by radiation

* Tmaxhook < 100C

Air exhaust through bottom holes in
WG ﬂanges FPCantenna—coolingwhen RF is off

* When RF pawer is off, the antenra exchange heat with the cold
mass by radiation, and with the exterral ambient by conduction

= Inthis case, the circulating water is actually heating the ook,
impeding a sersible decreass in tem perature (contribute from
farced comvection is sersibly larger than the exchange by
radiationwiththe cold mass)

Inner antenna water cooled e
top of removing the RF Ioad, the coeling circult [or same case,

before conrecting the cooling water circuit at cold]

= DeltaT on hook is negligible

Against CERN’s rules, need an
exception as mandatory with respect
to high average power and so small
inner conductor (only 27 mm)

FPC can—static & dynamiclosses

= ‘Wall thickress: 2 mim - single wall 1D Temperature profiles - He

Inlet pipe diameter even only 10 mm

(see Federico Carra talk at 14:10 &
spare slides)

= Flange2flangs length: 230 mm
= Coupler warm area: 300 £

= Couplercold area: 2 K

= Materials: 316L [Cryocomp)

= Radiation toantenna takan into accaunt

= Optimized heatintercept @H0K

® T=400 MHz, P =40 kW, 100% duty cycle

= Calculation done semi-aralytically, static losses to 2K 2WEFPC,
dynamic: 2.8 W/FPC including radiation from antanna

= Intercept will be done connectingcopper strips to the 80K line.
Linder design; estimation of deltaT on the strip for the expected

Specific water station to avoid any
da mages ‘ tharmal flow onit: 10 K for 2 ration A_strip/L_strip = 2mm (1o ba

—
High =
Luminosity s
LHC
-
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FPC current status, cooling

Outer coaxial air cooled
Cyclotronic air input

Air exhaust through bottom holes in
WG flanges

Inner antenna water cooled

Against CERN’s rules, need an
exception as mandatory with respect
to high average power and so small
inner conductor (only 27 mm)

Inlet pipe diameter even only 10 mm

(see Federico Carra talk at 14:10 &
spare slides)

Specific water station to avoid any
damages

High
Luminosi
LHC i
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RFD QWR Test Box

FPC current status, test boxes

-

I
I
f

f /

Two tests boxes have been
simulated

(See Adam Tutte spare slides,
. RFD QWR S paramete rS Matched to -30dB with 3MHz bandwidth
excellent job) —— T

Drawings are being prepared *

1 + 1 test boxes available by e
- “ |
April 2016
DQW Hook Position (Peak Fields) Field Maps
’ offsetin theta F Epescveoffsatin ¥ . %“?%E" [ "’;_ Peak field below 2.86MV/m

Efleld :
. . b With 0.5MW input
1 =
S e :;:
e T -
Epesk vs offsetin X Epieak v offsatin a3
- ] *
Eix 1 "'. H ."‘, 1 =
350 S PO NPT A1 a U L I A+ B & U =
P A AN Y FANEN IR T AR I WA WA W L L FAN e
=V Y \ Y
- .
\

e
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FPC Single Walled Tube

Not anymore a RF device
Only the outer line of a
RF transmission line
From RF point of view,
we only need few um of

copper
(see Federico Carra talk at 14:10) i

St Steel 316LN single tube pipe /

First layer of NEG : 0.5um
Second layer copper coating : 7um
(pipes ordered for coating tests)

RF / UHV seal (LHC type)

Heaters (Power ~45W
against icing)

80K thermalisation (cooled
by conduction from thermal
screen)

-

RF / UHV seal (LHC type)

__ Very small gap between
the hook and the cavity

ng Review, FPC & Transmission Lines, eric.montesinos@cern.ch 29



FPC current status, construction summary

Item Minimum gty Today qty April 2016 gty
Brazed ceramic 4 2 8

Body 4 8 v
Antenna vacuum side 2+2 3+3 /
Hook 2+2 3+3 /
Vacuum Assembly 2+2 - 343

QOuter air line
WG

WG/Antenna connection

Antenna air side

Air assembly

FPC water cooling station

LUK

Test boxes 1+1 -

High
Luminosi
LHC i
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FPC Schedule, November 2015

2015 2016 2017 2018

End 2016 (latest March 2017)
Test 2 + 2 FPC RF processed

boxes ready for clean room
RF tests
1&2
Qtr 1,2016 Qtr 3,2016 Qtr 1,2017 9, B Qtr 3,2017
! ! 4 s 4%
Cavity 1 manufacturing %% 9 %

6}_%

HOM couplers
Cryomodule design and preparation
Contingency if cavities 1st Cryomodule ready
from USLARP are for cold testin SM18
available (November 2017)

High
Luminosi
LHC 8
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HOM RF Coaxial lines

Almost all simulated modes are lower
than ~ 100 W, except two modes that are
higher power level

From those, we assumed a 1 kW and up

to 1 GHz ratings for the HOM couplers,

and HOM coakxial line
(https://cds.cern.ch/record/2050944/files/CERN

-ACC-NOTE-2015-0024.pdf)
(https://indico.cern.ch/event/450955/contributi

on/1/attachments/1182564/1712742/Heating
HL-LHC TC nov 2015 v3.pptx)

The SPS test will be the validation of this
assumption (could show that we need
much less power capability)

N. Biancacci et al

Rs= 25800 Gaussian bunch of sigma ~8 0944cm
Q=170 L] I e RezEONOOT T T T
Fr=595 MHz I I Q =:7200
S s g
T Fre9S9MHz |
5 s 8 EN i ;
310 g e e di =il -
E ‘: I : %‘; * .:f‘ 3 * -
S 107 feeeegt ! oA - : o 3
z DRV ‘;. Y-
R I I B o S A R I
PR R i ';g’ vt
z : : i
;% 107 : %&(“‘mﬁnﬁl " . * ‘ .‘ e
B DQW 2015100 1mean 3 .
w0 H A DQW 2015100 1peak -
®  RED update mean : a
A RED update peak : : : 'y ‘ :
107 ; H : ; :
04 06 08 1 2 14 16 18 2 22
f[HA 16

In summary we get:
@ The RFD HOMs induce up to 100 W.
@ The DQW HOMSs induce few KW up to more than 10 kW.

— This has been also studied in CERN-ACC-NOTE-2015-0024 and KW couplers have been
designed in order to absorb this power.

Dangerous beam modes are separated by 40 MHz,
Q are already low for superconducting cavities (~1000 to 10000)
- it should be more efficient to detune the modes in case they are in the dangerous region (+/- 3

MHz from multiples of 40 MHz)

e LHC
eering Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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RF transmission lines

The HOM have been

requested to sustain 1 kW
up to 1 GHz

SPS 1996 with the LHC
prototype cavities

Too much RF power in HOM
RF cables were damaged

1998 all HOM cables had to be SPS RF amplifier and cryomodule in 1996
exchanged All four cryomodules opened to

All cryomodules have been exchanged the HOM cables
opened in-situ




RF transmission lines

In case of full reflection at the load,
maximum standing wave and voltage
along the line will be up to twice the
nominal forward voltage

Vtotal = Vf + Vr

With full reflection V.=V

So Vtotal =2 Vf

P =4 P,

maximum

In our case, the source will be the
HOM, and the load at the air side

In case of a load failure, there will be full
reflection back to the HOM

The RF lines have to be correctly chosen to

avoid any damages

High
Luminosity
LHC

Line = Z,

DUT

[ (Device Under Test)

Z+Z,

) |

DUT
(Device Under Test)

Full reflection

— —
ering Review, FPC & Transmission Lines, eric.montesinos@cern.ch 34



Transmission lines

Crab HOM suppressors
designed for

1 GHz and 1 kW

For RF transmission lines
between the HOM and the
cryomodule, to be
conservative

translated to 4 kW at 1 GHz

No data for operation under
vacuum, but compatible with
ceramic insulators

1 dB/100 ft

0.03dB/m ¢
With a 1 meter line 3
and1kW@ 1GHz § =
losses would be 7 W £
in ambient air at

room temperature

v
o) F——— e ——— — ——

MEGAW™™ I COAXIAL LINE POWER HANDLING

x EA|
- R 15/8"

: \\ (41 3mm)

AVERAGE POWER RATING* (kw)

4 kW

eering Review, FPC & Transmission Lines, eric.montesinos@cern.ch




Transmission lines

Specific transmission lines
are being developed
(Teddy) in order to allow

N B / 4
et i &
— " /
. =5 s

A

Steps to keep
the correct

cycles without damaging impedance

expansion due to thermal
Sliding
contacts for
thermal
variation

the lines

Federico Carra 14:10
https://indico.cern.ch/event/
435319/contribution/46

-
" 5| m— —
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Transmission lines

Design of those DQW cavity

transmission lines is still
under work, including
Integration

Next step will be to build a
line prototype and try to
destroy it with RF ! (in
order to check that the
maximum ratings are ok)




Conclusion

RF FPC

TD definition was provided late

Hooks definitions were provided late

Construction of ceramic windows has been very difficult
We are very late compare to our initial schedule

No more showstoppers, we will not relax the schedule to try to be in
advance compare to cavities

Still have to work on the assembly procedure, including mockups to test it

Transmission lines
Design to be completed
Prototype to be constructed
Test of the prototype to RF validate the lines design
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Thank you very much for your attention

} The HiLumi LHC Design Study is included in the High Luminosity LHC project and is partly funded by the European -
SRR Commission within the Framework Programme 7 Capacities Specific Programme, Grant Agreement 284404.
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FPC heating

RF power 40 kW/FPC

3mm-thick stainless steel FPC can, intercepted with He gas circuit

Copper OFE antenna, water-cooled

Thermal loss on the antenna:

= DQW~ 100 W

= RF~60W

I: CoupledFPC_HFSSTANSYS #(T)

Temperature - FPGHaok

Type: Temperature >
Unit; °C

2. BoRDe-B09
1.8571e-803
L. 7443¢-899
1.5714e-809
1. 4z86e-803
1.2857¢-899
1. 1429¢-809
1. BogDE-803
8,5744e-818
7. 1429e-818
5. 7143e-018
', 2857¢-818

08/10/2014 16:36

98.575 Max
92,098
85.62
19,142
12,665
66,187
59.704
53.33L
46754
40.276 Min

= High temperature on the hook = high losses via
radiation to the 2 K bath!

2. 8571e-818
1. 4z86e-818
5.5640:-B16

= Iterative HFSS/ANSYS analysis to evaluate T field on
hook and radiation to cold mass

= With the final solution: 0.7 W/FPC to 2K by radiation

FPC surface loss density distribution &
temperature increase = Tmax hook < 100C

High
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FPC antenna — cooling when RF is off

AB: Steady-State Thermal

= When RF power is off, the antenna exchange heat with the cold e St T
mass by radiation, and with the external ambient by conduction

30/10/2015 1455

[l Temperature: 300, K
[Bll Tempersture 2:50. K

= In this case, the circulating water is actually heating the hook, B oot o2 4
. . . . . [B] Radistion 2: 295.15 K, 0.3, 1.
impeding a sensible decrease in temperature (contribute from I roviion 3 0515101, L

forced convection is sensibly larger than the exchange by
radiation with the cold mass)

= |t was checked how the hook temperature decreases when, on
top of removing the RF load, the cooling circuit (or, same case,
before connecting the cooling water circuit at cold)

= DeltaT on hook is negligible st terma
Tarmpersburs @
Typess Terigem-shiie
Urre K
1'...‘ L
[SERUCFL B NEE)

CHIE P
FLLE
i

FLI R
1
Hid
ahad

E |
FLTRT)
TILIE M

L)) izil LRI
— — I—
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FPC can — static & dynamic losses

= Wall thickness: 3 mm — single wall 1D Temperature profiles - He
= Flange2flange length: 230 mm 300
= Coupler warm area: 300 K
T wall I(X)
—_— 200
= Couplercold area: 2 K Twall ECO
Tl
= Materials: 316L (Cryocomp) 100

= Radiation to antenna taken into account \\

= Optimized heat intercept @80K e o e pae

=

= =400 MHz, P = 40 kW, 100% duty cycle

= Calculation done semi-analytically, static losses to 2K: 2W/FPC,
Intercept 80K ===~wp | dynamic: 2.8 W/FPC including radiation from antenna

= Intercept will be done connecting copper strips to the 80K line.
Under design; estimation of deltaT on the strip for the expected
thermal flow on it: 10 K for a ration A_strip/L_strip = 2mm (to be
optimized)
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RFD QWR Test Box

Correct hook now
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RFD QWR S parameters

Matched to -30dB with 3MHz bandwidth

51,1 [Magnitude in dB]

P
—_——
'——\\ R
R

-10
-30 \ /
-40
-50
-60

350 360 370 380 390 400 410 420 430 440 450

Frequency / MHz
52,1 [Magnitude in dB]
o
—
—

-1

-2

-3

4

-5

-6

-7

8

350 360 370 380 390 400 410 420 430 440 450

Frequency / MHz
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Field Maps

= Peak field below 2.86MV/m

E field = : .
With 0.5MW input

[ T —
8.11
7.38
6.64

59

5.16
4.43
3.69
295
221
1.48
0738
2.44e-08

X

~A

S High
Luminosity
LHC
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DQW Nominal

S11

0.2

0.15

o 01
(%]

0.05

0

390 392 394 396 398 400 402
Frequency

High
Luminosity
LHC

Parameter List

? Name

separation
hooklength
portposition
outerlength
outer

inner
innerlength
hookholeblend

404 406

Expression
50

97.3

300

200

100

20

14015

5

Epeak = 2.732586 MV/m

-30dB @ + 2MHz

e
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DQW Hook Position

(Peak Fields)

A R i
. . Y offset gives
Epeak vs offset in theta Epeak vs offset in Y oeak fields
_285 5 above
E E 46 3MV/m
2 s S 4 when greater
= — than 1.
s x 38 an
8 275 S 34
w w
3
2.7 2.6
0 2 4 6 8 10 -3 2 -1 0 1
Theta offset Y offset (mm)
\ RN %
4 ' N ' I
Epeak vs offset in X Epeak vs offset in Z
285 285
£ .
S 28 S
= S 2.8
x 275 x
s S 275
w27 8
2.65 2.7
-3 2 -1 0 1 2 3 0 1 2
X offset (mm) Z offset (mm) 48
- O\l J
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DQW Hook Position (Transmission)

51,1 [Magntude in dB]

e Theta:

o theta=0.2

-BDJBD 392 M 3% 398 100 402 404 406 408 410
Frequency / MHz
51,1 [Magntude n dg]
-10 T T - -
H ] ! ] i ] — deta=3
H i H H v deta=-2.8 X:
20 —— deka=-2.6 . . .
Needs to be within 1mm of nominal
-30
40
50
deka=-0.8
deka=-0.6
60 — det;=-0.4
— deka=-0.2
70 dera=0
—— deta=0.2
-80
390 392 394 396 398 400 402 404 406 408 410
Frequency / MHz
High
Luminosity
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DQW Hook Position (Transmission)

% e e | Evawrcawrr D\
51,1 [Magniude n d8] Y.

—— deta=-3

S— . : = = = s Needs to be within 0.4mm to keep

deka=-2.4
“ -30dB over +0.5MHz
—— deta=-1.8
—— deta=-1.6
deta=-1.4
—— deta=-1.2
deta=-1
—— deta=0.8
deka=-0.6
—— deka=0.4
—— deta=-0.2
deta=0
—— deta=0.2

390 392 394 396 398 400 402 404 406 408 410
Frequency / MHz

Xl et | 2 . O | Eoewrcqwrzm

51,1 [Magntude n dB]

Z .
deta=0 .

deka=0.2
— deka=0.4
deta=0.6
—— deta=08
deka=1
— deta=1.2
—— deta=1.4
—— deka=1.6
1.8
deta=2
— deta=2.2
—— deta=2.4
—— deta=2.6
deta=2.8
deta=3

—— dek;

%0 392 %4 3% 398 400 402 404 406 408 410
Frequency / MHz
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DQW QWR Dlmensmns

+ RFDFPCQWR Y= | \1 = pow FPCQuR theta | \f EZ pow FPCQWR X | | \1 S pqw FPCQWRY ‘{ EZ pow FPCQWRZ \f & pow FPC QWR innerlength [ \KEDQWFPCQwRumerlengm ' \

NG

) Outer:

3
LHC
ering Review, FPC & Transmission Lines, eric.montesinos@cern.ch
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Inner Len gt h S1,1 [Magnitude n dB]
0 inerlength=139.15
275 s
= &=—————— e P
é - B §§§\ ?zé A
—— innerlength=140.15
E . \\ / —— nnerlength=140.35
= 40 —— innerlength=140.55
x 273 -
8- -50 \ / innerlength=141.15
o N A T 0 T
2 7 1 70 U L v v ¥ V U V ]
-1 -0.5 0 0.5 1 "
Inner Length Offset = . = ¥ oo 1 - 402 * -
\_ ) Inner:
Still have S11<-30dB at 400MHz with inner length 0.6mm from nominal value
( \ 5. RFDFPCQWRY* \{ EZ pQw FPC QWR theta || \f E pow FPCQWRX [ | \{ ES bow FPCQWRY || \{ ES now FPC QWRZ || T S QW FPC QWR innerlength | | \{ E pow FPC QWR outerlength [ \
O u te r Le n gt h 51,1 [Magntude in dB]
0 outerlength=198
2.8 @ g
E outerlength=199.5
< 28 0 % i} ) 7 outerlength=200
outerlength=200.5
E 2.78 %\%§ %%% uuter:engt::ml
= outerlength=201.5
x~ 2.76 * auter\ength:zﬂz
©
8 274 =
w
b AYAYAVAVAYAV YAV
2.7 70 v v [ VA Y
-2 -1 0 1 2 -
398.01 398.5 399 399.5 400 400.5 401 401.5 402.01
Outer Length Offset Frequency | Mz




DQW SS vs Copper

Copper vs SS
1
385 390 395 400 405 410 415
0.1

E Peak Field
3 (Mv/m)
& 0.01 Copper 2.703132
= Copper Rod| 2.690658
— ss 2.805031
wv

0.001

0.0001

Frequency (MHz)

Copper Rod =SS

Copper
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RFD Nominal

0.25
0.2

0.15

S11

0.1

0.05

390 392 394 396

High
Luminosity

398

S11

400
Frequency (MHz)

402

404

406

408

410

Epeak = 2.850504 MV/m
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Transmission |

ines

AN

SPINNER || BROADCAST SPINNER
N
KABELSTECKVERBINDER
CABLE CONNECTORS
Maximalo
Maximum Power rating
1000
= — 78" EIA
\ — 5/ EIA
—3 178" BA
\\\\ — 112 EA
N —, 178" A
N "™
\ \\\ \
100 —
==
N
e =N
N N ™
\§§ ~~~\ ~.,\
5% 10 NG M
5
i
it —
B Par =%
NN 8
1
0 : Erquanz / M2
10 100 1000 10000 Frogusncy /Miz

39 1EC S0-108

Alle Leistungsangaben baziehen sich auf das angegebene Al power ratings apply to the according connactor system

Doi +40 *C L

Note:

Q und eingr  at 440 "C ambient temperatre with an inner conductor tem-
Innanistertemperatur von +120 °C, perature of +120 °C.

Achtung:
Die Hohe der Obertragbaren Leistung kann durch das am  The power rafing may be reduced by the cable attached to

Steckverbindar montierte Kabel reduziert werden. the connector.

High
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LHC

Power Rating

Data based on: Ambient T=40°C, Inner T=120°C

— onme

Exir Broadeasting
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