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Introduction(1): The tale of two types of modes in a cavity

A Fundamental mode
A Accelerate particle beams

A Convert RF energy to beam energy
A Fundamental power Coupler (FPC)

A Higher -order modes

A Excited by particle beams

A Reduce beam stability and degrade §
beam quality }

A Must be removed with HOM
couplers/dampers




Introduction(2): A RF/SRF System for Accelerator

A typical RF/SRF system includes
A RF source

A Transmission line Q Trarinissmn "
. Ve |
ﬁ Circulator and load circulator
A EF (;aVny  (mode) RF source Fundamental power coupler
undamental (mode) power
coupler (FPC) Load Electromagnetic field
A Higher -order -mode (HOM) 3
absorber/coupler . -

7 bunch
®
‘ Higher-order-mode absorber

\

_ _ RF cavity
This lecture will focuson FPC (part 1)

and HOM coupler (part 2)



Introduction(3): EIC ESR SRF cavity cryomodule

FPCs Beamline HOM
Absorber
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Part 1: FPC

A What are FPCs ? What are their functions?
A How to transfer RF energy to cavity w/o beams?

A Consideration of FPC design and overview of high power FPCs.
A Detail example: EIC PFC development



What i1s an FPC?

A FPC is the component that bridges the waveguide and the cavity and separates
vacuum and air.

A FPC acts as a RF transform
A FPC usually is one of the most challenging component for the SRF/RF system

Transmission line

7\ :
circulator | e B

k
RF source Fundamental power coupler

Connect to
RF source

Air side
Electromagnetic field

Load

RF window

g; bu nCh 4 |nCheSI
-452 °F &

RF cavity

Vacuum
side

Connect to RF Cavity



What are the functions of an FPC?

A Transfer RF power N
A limited by arcing, heating, multipacting, et al. | Ijlj’
A Match between RF source and cavity w/o x + Connect to
beam(s) RF source

A Fixed or tunable FPC.
A Provide vacuum barrier
A Robust RF window Air side

A Window failure will cause bad contamination of
delicate SC cavity. Recovery is time consuming RF wind
and expensive. window

A Bridge cryo- and room temperature for SRF 80 °F ——, ‘g
system N

A Mechanical flexibility and low thermal leak. _

A (Potential for some HOM damping) 4 inches
A Limited bandwidth
A May deteriorate HOM. 452 °F

A (Potential for cavity support) 2=
A Mechanical concern

Vacuum
side

Connect to RF Cavity



RF power transfer

reference planes

—A Bl beam
tranlsiggssion circulator i tranlsiggssion : | current
A ! |
) () <) | e )\/
- ZO | __!_ZO | | L~ ~
[/~ | 3% ik UR“Cl
e ] T
generator I =T
L L0 i — | Leav |
| coupler | cavit
Generator: C | ts lik .
1 oupler acts like a Cavity modeled as
— 2 . . .
P _EZOI : transformer: LCR circuit:
V=NV, Note: R is the shunt

lL,=1/N |, Impedance, ndR,,{



RF power transfer: Simplify the circuit model

ﬂ -
J\ — loay J\
1./~ Zext L é R—C

R
Resonance frequency: = 20f, © :I/«/LC Coupling factor: L = z_
. . W) _R .15
Intrinsic quality factor(Q0): Q= P L w,CR Incident power: P, = %Z RI;
w  Z, - .
External quality factor( Qe): Qu = S Ii #,C Loy Total impedance : .
ext 0
Z =
- - % @ 420,24
Loaded quality factor(QL): @ P T+b “w,
. -1 2
Bandwidth of a mode: W, = W,/ 2Q, Energy content: U =3CV
_ Note:
Cavity detuning: Dw = l/g -y

Z,.=N°Z, R,=2R



Scenario 1: No beam

| |
1
9

Power disstribution in 1-port model

110 .

(10° p)

PowerW)

pdl10°, )

coupler factor

Heflection Power:

Dissipation Power

2
Pr(Pin, A1) = pin.| L= '“J
L1+ Bl

pe—
431Pin -

= &
~

Power requirement V.58 Voltage for large grain cavity test

Pd(Pin, 1) =

{1+ |3-1}2

110°
100+ L 5
10 /.-—"'r f
J 10F - / -
e TR .
N
10 s
| 1+ —
) {
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10 ot /o i
4 ]
001! —
=107 T S g
Vac
Voltage(DviV)

AVertical test usually uses a unity coupling or critical coupling=<1), and tunable coupling.

ACavity commissioning in cryomodule usually is over couplifige> 1, and RF power is almost full

reflected.
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Scenario 2: With beam

A RF power requirement for constant Gradient operation:

97 4p Ry~ o0 O
hQ 16
QQ

Vi fa
acc ?é &QLVb

acc

_1+b

% s
| cosf, g + LW
S

4

Pgl Qload, 50-107 .Rep.0/ 4g
10°
| < e 12 1301
Pel Qload. 50.107 . Rep, 10/
10°
1 20F
Pgl Qload, 30-10” . Rep, 20/
10° ok
Optimal Q.
0 |
1x10° 1x10" 110° 1%10°
Qload
Optimal detuning: ~ w- w = #2Q —sin
pti uning: W= Ay SN,

Optimal load Q:

—%‘“Q% sinf 1|

acc \

A Cavity parameters:
R/Q = 503 m, Q0 = 3el0.
A RHIC repetition = 9.38 MHz

All power is transferred to the beam
(no reflected power)



Calculate Q..

A F P QX determines efficiency of — 1‘_‘&00”‘”‘ — —
power transferring to cavity or beam. m— .o S —_—
Qs — P
1  PlsstPexet 1 1 1
A loss ext - n L
QL wo W Qo Qext - 3e+05
2.8e+05 -
2.6e+05 -
A For SC, Qo>>Qeyxtr SO QL ~Qext - S aros
. . . . . 2.2e+05 -
A Physically, Q. is optimized by varying .
FPC location and insertion to the cavity.
1.8e+05
1.6e+05 f f . t . t t {
3 3.5 4 4.5 5 5.5 6 6.5 7

FPC_pringle_position
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Considerations of FPC design

AMachine requirements:
ACW or Pulse mode?
ARF power requirement ?

ADesign choice:
AWaveguide or coaxial ?
ASingle window or double windows ?
AWater cooling, He cooling or air cooling?
ATiN Coating ?
ADC bias?



Fundamental power coupler overview

Waveguide FPC

Coaxial FPC (circular Planar and
cylindrical shell window )

C Simpler design

C Lower RF losses

C Lower surface electric field

C Easier to cool, but higher thermal radiation
C Fixed Qext

C More compact

C Smaller heat leak

C Easier to make variable

C Easier to handle multipacting

C Tunable Qext , butis complicated




Waveguide FPCs

1 GHz PETRA test cavity
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Waveguide FPCs, cont.

CESR T B cavity, 500 MHz




vacuum
side
flange/
waveguide

Wave g u I d e Wi n d OW air side waveguide

AR SDE BRAZEDWELDED STAINLESS STEEL

gasket

window

clamping flange

oaramic )
window (70 K) cavity
‘ baam pipe
[} v gf:\'l}m-
2 F : fiK thermal
doorknon) by - glrcc%o% intercept |
i 0
W [ Q
tunin ‘
mechganism ! l 8
@)
ceramic —
e i
~* window <z(
18 (room temperature) i




LHC FPC

A 75 Ohm, 400 MHz.
A Air cooling.

A Cylindrical window is part of waveguide to
coaxial transition

A Variable coupler; 2e4~3.5E5

A Tested up to CW travelling wave 500 kW, and
operating at 325 kW (max.)

Cylindrica
| window

19



SPL coupler design

Coupler Parameters

fo

High Power SPL

Cavity design gradient
Qey: Of input coupler
Input line @

Waveguides

704.4 MHz

1000 kW pulsed
04+12+04=20ms
50 Hz (20 ms)

100 kW average

19-25 MV/m

1.2 x 106

100/43.5mm =50 q
(from the cavity design)

WR 1150

20



Tristan FPC

T I il A Tristan coupler is a pioneering design in
coupler history.
| A Many coupler follows the same design,
...... such KEK B, SNS coupler, ESS coupler,

BNL BeO window FPC, BNL EIC FPC, et
al.

Orignal Tristan coupler
S. Noguchi, E. Kako, K. hidden areas
Kubo 21



KEKB FPC

——
————

Biased doorknob
F2 kV)

Alumina window

-— 1l
m o TR NN R AR T et

4K He gas cooling

Water-cooled antenna

A The KEKB input coupler is an improved version of
the TRISTAN coupler.

A 10 mm thickness coaxial disk ceramic window
made of 96% purity alumina.

A Water cooling on IC and Helium cooling on OC.

A A capacitor beNtween doorknob and IC allows
biasing up to N2 kV to suppress multipacting or for
bias aging.

A Operating Power: 380 kW@ 509 MHz

22



SNS FPC

Helium cooling on vacuum side OC.
+/- 2.5 kV bias between IC and doorknob.

Table 1: Coupler requirements

A Avariation of Tristan coupler or KEK B coupler

A 50 Ohm, 805 MHz.

A Re-Optimized the chokes around the window for better match
(fornl owest return | o)s and 1in

Inner Conductor A No active cooling in the vacuum side IC, window OD, air side

oD

A

A

Helium -cooled

Outer Conductor Parameter Operation Processing
Qext 7x10° NA
Impedance 50 Q2
Peak power 550 kW 1 MW
. . Pulse length 1.3 ms 1.3 + ms
Ceramic Window Repetition Rate 60 pps 60 pps
Average power 48 kW 60 kW (cooling limit)
Bias 2.9V 2.5 KNV
Doorknob A The IC Cu wall thickness was increased later from 3mm to 7 mm, |

Transition increase the average power up to 72 kW.

23



BNL BeO FPC

)

i
b
:
‘ 1
W ’ g
8 -
" : »

A Another variation of Tristan FPC.

A BeO window.

A Tested up to CW 480 kW.

A Tested/Operated since 2012 for SRF
gun and LEReC booster cavity.

24



Coax couplers, two windows FPC

Coaxial -
-waveguide
transition,
warm window

Bellow

Metallic rods

Metallic rods

AWindow is a disk without inner conductor
penetration.

A Each pair of rods is mounted in the gap between the
Inner conductor and outer conductor, and are
rotated 90 degrees from each other.

2 MW, pulse

25



Coax couplers, two cylindrical windows

TTF-IIl Coupler

Waveguide to
coax transition

Qext
tuning
knob

Pumping
port

70 K point
‘ ,,~.}( , 1

4 K point

Room 4
te_mO[IJeratu " Room temperature _ \ :
window Cold window Flange to cavity

Isolation vacuum flange

26



General comparison of FPCs: Normalized FPC power

A Need to consider both frequency and

power When Comparing diﬁerent . Normalized Power (>100 kW) of CW FPCs FIC need
couplers.
800
. 700 Operating Facility
A Normalize FPC power SRR

A Transmission line RF losses

500

Normalized RF power (kW)

dominate heating, although RF s
window is the weak point. I
0 N
A Here | use: N S S I S

Power x sqrt(freq[MHz]/500) [kW] ve S

27



EIC FPC design

A The design is a Variation of KEKB/
Tristan/SNS/BNL BeO high power
window.

A Features

A BeO window replaced by 99.6%
Al203 for safety and maintenance
considerations.

A Distance between choke and window
Increased for better TiN coating and
Inspection.

A Coaxial line optimized to increase
power handling and coupling with
cavity.

A Larger ceramic ID to survive road trip.

A Improved cooling channel design.
A Additional instrumentation.
A 4.5 kV bias to inner conductor.

Air-side OC

Cryomodule Flange ~ YVater Flange
(insulating vacuum) y
Air-side IC
Water

Helium

Supply Vacuum-side IC

(antenna)
Water

Cavity Flange
(beamline vacuum)

Window OC
Water

5 kV Bias

N, Purge

Doorknob Water
(interface not shown)

28

Arc
Detector



RF design (1)

Air side=Quter R{mmj]

Vac side: auter R{mmj]
Windowthickness fmmijn]
Window/|R:[mm] |
WindowQR:[mnmj |

S-Parameters [Magnitude in dB]

10 o ——
s [ G 7] s
N R R oo e
L o i S
R R e e i [ i E O B L) S
B S i
AR S | """"
o I BNL BeO -

a1 i window
0.2 [}.3 [}.4 0.5 0591 07 08 09 1 11 12 13
Frequency / GHz

AEIC windowods si

dB)

61.26

48 61.26 76

6.2 10.5 10
11.25 14 21
57.6 73.86 85

S-Parameters [Magnitude in dB]
o B
" BNL
a ; | 3 - Al203

S 0.2 03 0.4 o5 [oso1] WHNAOw o

Frequency / GHz

IC

OC

RF
Window

S-Parameters [Magnitude in dB]

— it

0.5 0.55 0.6 0.65 0.7 0.75 0.8

1 U=

ze | s bBeOwadow, soki&dhdvstappenfiobm manlafan:tdre IS expected.
A EIC window design is a broadband window design, which will cover all the applications bellow 820 MHz (S11 <-30
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RF design (2)

Electric field strength in V/m

Electric field strength in V/m 300 i : '
400 _ . , ; : — 10.5mm_winS_e-field (f=0.5911) (1)_total_abs_(Window_thick=10.5)
' —— 10.5mm_winimm_e-field (f=0.5911) (1)_normal_(Window_thick=10.5) 250 L \ Y —— BeQ_winS_e-field (f=0.5911) (1)_abs(total)
330 e g | —— BeO_winimm_e-fied (£=0.5911) (1)_normal ; —— KEKB_winS _e-field (f=0.509) (1)_total_abs
300 do L ) [ KEKB_winimm_e-field (f=0.509) (1)_normal 5 \ I - : ; : .
250 1 . ’ )
£ 200 : ,
150 - --!!l |----| | S
100 1 ]T
50’ T '.Iil-' I.I
0 T T T T T T U t ‘ T T T T T T T T
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Length / mm Length / mm
Normal Field at 1mm away from window Field at 0 mm away from window

A Normal E-field (multipacting electron strike on window) is the lowest.

A Peak absolute E-field (RF loss) on window is slightly higher than BeO and KEK B window, however,
99.5% alumina has a a factor of 4 lower loss tangentthanBeOand KEK B wi ndowos
alumina).

A More on Peak field in next slide.
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RF design(3)

Electric field strength in V/m

400 7 Braze joint field : :
; J ; ! — 10.5mm_winimm_e-field (f=0.5911) (1)_total_abs
350 T iy AN | —— 10.5mm_winSmm_e-field (F=0.5911) (1)_total_abs
e - 300 -, 1 1 — 10.5mm_win9mm_e-field (f=0.5911) (1)_total_abs
a
| 250 -
.i'r-!‘!f.
a5 E £ 2001
T Il N I----I 150 -
]T ‘ll 'L 100 -
'llil-' 50 A
0

0 10 20 30 40 50 60 70 80
Length / mm

This peak field at the braze-joint is Sqrt(2e6)*260 =367 kV/m, ~a factor of 2 smaller than the field in
SNS coupl eros field (next slide).

It is ~ a factor of 4 smaller than peak field on AI203-C o p p e r 0 goint irh9rMilz cavity: 1.6
MV/m@80 kV [9].

|t i s a nstrongo coaxial 1| ine, breakdown i s

ol



RF-thermal-mechanical design (1)

A Conservative heat convection coefficient is calculated
and applied to each section.
A Import RF loss from HFSS.

d, 1.8-2 5.9317e-2
[m]

A 1 MW power input
A Delta_T at ceramic is only 12.
A Stress on window caused by thermal is very small

Fixed surfaces at 25C 1



RF-thermal-mechanical design (2)

A Using two fixed locations (vacuum flange and outer hub)

Modal frequencies:
1st: 108.3 Hz
2nd:. 108.4 Hz
3rd: 780.4 Hz
4th: 782.5 Hz

A It is higher than spec. of 60 Hz.

33



RF-thermal-mechanical design (3)

A FPC conditioning in cryomodule is the
worst power loss scenario.

A FPGcavity integration study was carried out
In the worst power loss case.

[T T T o |

Case 18 GeV | 10 GeV CM test| | FPC conditioning
to 4.4MV in cryomodule
Total Pfwd per 556 560 223 800
cavity (kW)
Doorknob OC (W) 362 367 287 950
Doorknob IC (W) 161 166 158 338
WTC (W, warm 13.6 14.2 14.7 23
Cu)
Vac side IC (W) 188 198 220 300
Window (W) 28.8 31.9 47 .4 2.7




RF-thermal-mechanical design (3)

A As shortas4 inchesfor thermaltransition,dueto spacdimit in tunnel

A A comprehensiviRFthermalanalysiswas carriedout and a cooling schemewas
designed

A 5K heliumflow is 200mg/s
A Heatflow to 2 K is minimizedto 4.2 W.

T Ternperituang
~ ium Flo Air Convection Unit: K
4| elium Floy I Toemsiz 13
| et S/22/2025 11:47 AM

ZESED Max

|

| ]

- ) S B | 300K
RF Heating KX f } / /A

//
7 Copper Plating

/
/  [—
/ / i

S ——{




FPC manufacture (1)

A FPC manufacture involves brazing,
machining, EB welding, leak checking,
testing.

A FPC window assembly
Alumina window.
Inner conductor and pringle.

WR1800
waveguide

o Airside components
A FPC airside components

Doorknob transition from WR1800 to ¢ ]
coaxial line.

Inner and outer conduction
separation with Kapton, capable for
DC bias application.

A FPC vacuum side outer conductor
Thermal transition from 2 K to 300 K.

=< RF window

Vacuum side outer
assembly

conductor

Pringle

36



FPC manufacture (2)

A Great engineering design and consideration for every single
step.

A Detailed manufacture procedure has to be developed.

A Whole FPC will be completed in Match 2026.

NSy

-

....nnn!m\un‘ .

PRI

Air-Side La}ge == |
Flange -
Water Jacket, Large

Sleeve

Moly—wrappd Largex
Sleeve

=. &8
iy B zn

Pringle T|p Air-side Smal Water Adapter 37

Vacuum-Side Small Choke / Sleeve .
Antenna Brazement Choke / Hub



FPC conditioning

Prior to installation on the cavities, the couplers need to be RF high power processed. The
goals of the processing are:

A To help remove any surface imperfections from the fabrication step.

A To check for, and process through, any multipacting barriers that may be encountered.

A To ensure the copper plating on the outer conductor is well adhered.

A To help outgas the UHV components prior to installation.

A To ensure the parts are capable of handling the designed power level prior to installation.

A To verify the cooling circuits function properly and provide adequate cooling to the
respective parts.

A To verify the instrumentations for FPC protection.



Multipacting in couplers

A Multipactingi s maltipdii mpact i ng ¢
a large amount electrons in FPCs.

A MP is a limiting factor, which can damage RF
windows (if not interlocked properly)

A It is very important to carefully simulate MP
during the design stage.

ARectangul ar waveguide
predicted relatively well using parallel-plate
model.

log((f*d)"4*Z)

MULTIPACTING SCALING 24— Apr-93
21 .
2”‘.5 e LT TETTT LTI SN g Ay 2 4:41-—
f [GHz]
d [mm]
................ R R M (R A A Y AU O IP N SURNN, F 3t W
Z [Ohm] i
P kW]
195 [ mememmem e : ........................................................................................................ 341 —
; F 1 ; “ ;
1) IR SR ’ 1._‘.':._; ______ A N AL g R 22,41 -
IHj — e o %................................... PR— e e m K e [P X A .........................................32:4|.._
| . Y N e 28—
I'.‘ — e o é-[.---.-.---”-.-- [ PR (L A .........................................................2|:4|.._
v
rH
Lr
4 d
17 7] 1
] 1 - 8
log(P

log({(f*d)"4*Z"2)

ACoaxi al |l T nes0 MP zones are determined by

frequency, gap between inner and outer
conductor, and impedance.

Show MP movies
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Suppression of multipacting

1.Geometry : Optimization for less susceptible to MP (elliptical cavity shape, large radius of
beam |1 ne transitions, | arger di mensions

2.Materials: Selecting lower SEY materials, coating RF windows with thin layer (~10 nm) of
anti-multipacting material like TiN.

3.DC bhias (electric or magnetic) to disturb the trajectories of electrons.

4RF conditioning Y cleaning surf. ed

>
0.0
o AR e e s e e neli e b
dimension is given in millimeters. (b) Magnification of (a).
0006 — - .
=2 s A . T & St
2 m)
< =/ - - = X . Multipactoring suppression by fine grooving of conductor surfaces of
Flgur e 7: A two -pomt nn_llnpactmg traj CCtOI'_V bet“' een the coaxial-line input couplers for high beam current storage rings
ceramic window and the mner conductor of the coax. i o _ _
Tetsuo Abe,” Tatsuya Kageyama, Hiroshi Sakai, Yasunao Takeuchi, and Kazuo Yoshino 40

FIG. 13. Replica of the grooves for the first grooved coupler
TR SRS N - S T



Multipacting suppression:

TIN coating

T

125 =
342 =
952 =
[.423

i

2.033

2.225

Comparison of Secondary Electron Emission Coefficient on BNL samples

2 25 .
£ 20
7]

2 15 @
c

Z 10
= 5
g

g

Specification: (10 +/- 5) nm

Location (inches)

= o0 [J: BNL #1 (PMB coating, in-situ USR w/ ethanol, No heating)
S o
;;:: e} /\: BNL #2 (CPI coating, in-situ USR w/ ethanol, No heating)
“qg 8.0 Q)O& QO: BNL #3 (No coating, in-situ USR w/ ethanol, No heating)
S,
g o
Z 60 o
= o
= 50
=
5
i=Im Q.
bt
— ]
= a0 o
E o © o
= 20
™| By,
)
% L0 oo
A —
o R 8 g
0.0 2.0 40 6.0 80 100 120 140 160 180 200 220 240 260 280

High voltage [kV]



EIC FPC conditioning Diagram

PASS
Directional Directional | LLRE
Coupler Coupler
. RF Permit
¥ Amplifier
Phase
Shiiter Machine
Protection

Short Window Temperature —

Arc detector Water Flow

CC gauge Arc Detectors
0 Water flow

Vacuum FPC 1&2

& RTD (temperature)

Turbo Pump
IR camera Conditioning Box Vacuum Turbo

. : . 4
All Instrumentations will be interlocked! v 5



FPC Conditioning Procedure for EIC FPCs

1. The condition will start with short pulse, low duty factor, no
bias, and end with CW. Repeat this on each phase.

2. Vacuum setpoint: 2e-7 Torr.
3. Bias will be added if needed.

4. Monitoring the FPCs: vacuum, thermal, RF, arc signals.

Hindow Markers Aualysis

temperature (L)

NIRRT

o et R R - . e i S it e sk Ak s chan, Btk T i
12535 12:40 12045 12350 12455 13500 13308 1310 1305 13320 13:25 13:30 13:35 13040 13:45 1350 13:55 14200 1405 14300 14115 14220 14225 14130 1535 14240 1dedS 14150 1455 15000

FPCA-Doorknob-2
FRCA-UD-1

FPL:

—— FPCL-Toorknob-1 — Fr —
—— FRCL-AirSide-Out-2 —_— 1

— Buctorrl —

—— FPC2-AirSide-Im2 —
Box-botton-FPCZ

—_— FPC]
o FPCL-ID-2 Box-up-FPLL
= FPC2-Doorknob-1

— FPL2-AirSide-ut-2

Box-top-4

Box-top-2 FPL: i FPL
FPC2-AirSide-ut-1 FPC2-YacSideOut-1  —— FP(2-WacSide-(ut-2
Box-up-FPL2

Box-top-3

FFE Conditioning Yacuun

MR EHOR LR EAT R bbb hlabtateb lts(eflit e

A GRLRE L

g N G Ry O R\ 0 O G UG Uy Ry ol H R i g W

12:35 12:40 12:45 12350 12:55 13:00 13306 13:10 13:15 13:20 13:%6 13:30 13:35 13:40 13:45 13:50 13;55 14300 14305 14:10 14315 14320 14525 14130 14335 14340 14345 14350 14:55 1600

— cart-bov-cc = cart-tmp-oc  — pe —_— P —_— B —_— pe
RF Pover
8000 :
5000
avenentitb a8 ataaas kLot xR e !
1000 BTN \““ HH o b h AL AR RAAOR QAR EARRRR ARG} RRABRARR [ f
gtk At ARl N - il iy Rl B
2000 1 afliA
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12:75 19:40 12345 12:50 12:55 43300 13:05 13:00 4315 13320 1305 1330 13375 1340 13:45 13350 1355 14:00 14:05 1410 1415 14:20 14395 1430 14:35 14540 14245 14:50 1455 15:00
Tine
—— FRCl.dc.incident  ——— FPC2.ooreflected  ——— FPCLdooincident  —— FPCLdeuref lected

Page PPM Device Data Tools Buffer

Help

—— ADO —-— —— parameter —— — value —  —unit— Vaccum Levels
agiN5181.erl Device Name ACNSIGANLZ0S
agiN5181.erl Set Start Amplitude 0 dBm rft pC:
agiN5181.erl Set Increment o. rf PC
agiN5181.erl Set pulse period 0.001 sec retf-vacuum—Fpc2-1
agiN5181.erl Set pulse width 0.0005 sec rf pe:
agiN5181.erl Set pulse Freq Hz Set Vaccum Level Setpoint 1
agiNS181.er Set Maximum amplitude 12.9 dBm Set Vaccum Level Setpoint 2
agiN5181.erl Set Delay O nsec Set Vaccum Level Setpoint 3 |
agiN5181.erl Set num of pulses 300
agiN5181.erl Turn On Waveform on
agiN5181.erl | Amplitude Decrease Rate 5 I

FORWARD PWR REFLECTED PWR
agiNs5181.erl Measured amplitude 12.92 dBm Peak Power Devi
agiN5181.erl | Measured pulse length ©0.0005 sec Cycle Avg Devi
agiN5181.erl | Measured pulse period 0.001 sec
agiN5181.erl | Measured total period 0.3 sec Peak Power Dev2
agiN5181.erl Measured pulse Freq 704000000 Hz Cycle Avg Dev2
agiN5181.erl Pulse Modulation on
agiN5181.erl Turn RF ON/OFF Marker 1 Devi
agiN5181.erl Mod ON/OFF Marker 1 Dev2
agiN5181.erl | Set Read Back True/False
agiN5181.erl Enter Command
agiNs5181.erl Response String
agiNs181.erl Send Command SEND |
= 7 =
4 (13,5) blank cell Nudge: 0.3 y| A] 178
Mon Dec 16 16: alue sent for (9,3)
Mon Dec 16 16: alue sent for (9,3) o




Summary of FPC

A FPC is a critical component for RF cavity because of
the functions it plays.

A There are various types of FPCs

A FPC design and manufacture requires great
attentions in all aspects: RF, thermal, mechanical,

engineering, manufacturing

A High power FPC processing/conditioning is important
for verifying FPC design and operation.



Part 2: HOM Coupler Outline

A What are HOMs?

A
A
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How are H
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OM excited?
ning. Why do we need them?

ner types and examples.



What are HOMS?

A HOMs are intrinsic resonating modes in a cavity, except for fundamental mode.
AAccording to the field distribution, the
A HOMs will be excited when beam is passing through a cavity.
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Examples of HOMs

- -

TMO1
355 accelerating mode

TE1l
Dipole mode
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TE21
Quadrupole mode

TM11

Dipole mode

TE31
Sextuple mode
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HOMs excited by single bunch

A Wakefield, induction voltage by one bunch

A Cavity voltages induced by charge q

- W R ' - _2Q:x
V= olalere Tt

A Cavity voltages induced by Gaussian bunch

N
Q |
g1

Wakefield
impedance @
——— | |
40000 - ‘
g 20000 - < >
0-
- bunch

—40000 - . . . . ®
5.55 5.60 5.65 5.70
frequency (Hz) le8

RF cavity —

w, : HOM frequency
Qext.n: HOM damping

z

wake potential (V/C)

Standard deviation of
Gaussian bunch length

Exciting bunch Trailing bunches

lell / wakefield /

0.00 0.25 050 0.75 1.00 1.25 150 1.75
time (s) le—7 48



HOMSs excited by structured bunches

EIC macrobunch structure

Bunch intensity 17.2E10
Beam current 2.5A

Rms bunch length 7 mm

No. of bunch 1160

1000 1500 2000 2500 3000 3500 No. of RF bucket 1260
sim)

bunch charge density (1/m)
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