IKADIO FRE GUENCY CAVITIES

+ IN THE KAECTROSZATIC. ACCELERL A 704,
THE ACCFEILELA7TIN 6— VOLZAGE 15 ConNS7TAJT7

N THE CYChoTRONT WE HAVE A KRD D
FRE Quency HACCELERATING VoLZACE .

. WHKAT ABouw7 (CrnvcsRo ZRON 7

nse A RADID FREDPUENCy (CAVI7TY WIT7H
A RE SonvAN 7  FRE QUENCY FE @i & 70
ORBITAL FRE@UENCY ([OR SoMeE HULT f’ws')

/F ® -VALwE oF CcAvi7Y /S Aﬂf@éﬂjﬁ@
ENERGY ZRANSFERRED To BEAM SHALY

—’ EFFICIEN7 WUSE  oF
RAro10 FREQUEN ¢ PowER



ACCERERNTING STRncrturR &

/ - TYPICALLY  ENERGY TRANS FERRED
FRoM  ACCELERATING FIELD 70
Eeart IS SHALL

. SAR7 A PARTICLES RECEIVES
/MeV oN  TRANSIT THROWGH
CARVITY "-(DW /aMﬂC,-L_E.S /@W

— ENEBRGY [EXTRACTED
~J MJ&%L«E
. E’Nfﬁéy S720RED N OSCilLAZING
F1ecdDS /N CAVI7y MANVY OROER
OF MAGNI7UDE CLEATEL

MAGNETS

REAM_ FocnsinsG-

—P» USE Jte6H @
LeSon) AN7  CRVITIES

— LET'S pavE A roox A7 RF CAVITIES



SIMPLE RE CAvVITY SYST7E™
curkenNT [N

o | motor W AW S
tuning _ %
plunger T TM‘,’"
W cavity

_7, i o *____}_

S . ] bl i - 'bcam
A axis RzgtSTIWE
coupling loop electric field 1655

ceramic window
from klystron

Wi DO—P’ 1
Now  REED e

N PP‘gJ:)\: e < TE, waveguide N % ...E

C

R

i

A~ VALUE

~

| accelerating structure using the TMaouo maode. The

Fig. 5.4 Design of a single-cel
resonator is excited

exact resonant frequency is adjusted using a tuning plunger. The
by an inductive coupling loop.



coupling slots  RF coupling loop

) .
-l J'Q

o @ i el NP
T ' ' T

AITETT
(&) o= u 4

tuning
plunger

Fig. 5.5 Layout of a five-cell accelerating structure. The power feed is coupled to the
middle cell and two tuning plungers are sufficient for the entire structure.

500 MHz _

= El'_lﬂ




Copper RF Cavity

TR T TS
Pl gt !




KLY $TRONS

J'." "y

ff/mqh.

]
f n

- !

l -

Al

1 “e—..._ ./

l

C

S

RIE CAVITY in TPARC







j : V¥
B, -z*# 'o--t ‘me. mw' \-==--..v SUPER CornDWCTIN G-
- ) ' /i

‘ ; s i T — '
gk

VACINM TANy

SUPERCONDUCTING CAVITY WITH ITS (RYOSTAT



L EP SUPER ConND WCTING- CAVITY




ColLvE LAPLACE  EPUATION
WITH CYLINDRICAL Boun D ARY  CondDI71DNS

a. )
beam electric
axis fields

resonant cavity N magnetic fields
[~REE [FLECTRO MAGNE 7)¢

W AVES RV = Fz =0



RADio FREQUENCY ACCELERATING CAVITIES
RF EXCUTATION PowER

,E——P'

— k :o —=REAN =23

« )PEALI ZAZION  9F A CAVITY — Pill BIX)

BEAHM  ENTERS [EXITS THROUGH HOLES  For
BEAM P, PE.

. ANZENNA COuwrPLES RF Powek FRoM RLYSTRON:

Iy T CRvITY



A
. WE WANT TO INVESTICAE

—_— ’é_ T2AR SPA7iAaL VA AR7ZIoN 9=

= _» ACE ELERATZIVN (~ E
v
4‘ L >4 . NEED £ FREEZ £ WRVE
;1 DO nNnOT

+AVE T
e BUT Sosvintg LAPLACE ~£= cﬁu--ré--?; orJ w-zé%

RourrARy  CoenDI7)onNS
THERE ARE VARIouS MvOES ©6F EoEC7RIC
AND MAGCNETIC o5cieLATIONS

THoo —» ONLY E; 4~d Bo

MAX W E LL

FoR - = L 35 £

J'-'-O VXE:CZ'B.E — _’f_i(f’g&):ié E}
Pl C*? pya



I'n usinG CYLINDRICAL  CooRDINARTZES)

), - (4303

ovLY RBg # 0 onLY E}:fo
AND 9B =
“—"9- =0 f)__ b—~ =9



L J
D (rBy) = L 2F
roor ( 6) C* 'Z-?)-
L or ~ ¥ J8 _ 0 E
2 LA A o (ke
DIFFERENTIATE L. F. & TiIHE
_’_L.. J8s , 9?8 | 9"Ey.
/;b' 9 EJy A T
e RO 2B o MAXWELL
ar R
L JE I*E , €
A+ 9F3 oL "0 —
Fooor e ¢t Je v
ovLY E,ﬁ APPEARS — OwNLY E} A el ERATES

PrRR7IcL.E¢



TIiME VARIATZION OF E} /N I DEAL CAVITY

Wit Tus7 BE Sinvu SODAL.
Lwb

2. E, _ 4 ) ptWlb o 0w E

31

K] Y
o 3 w L‘"

WRITE a.'z EB- _ éjE(r.) eb‘w&-
e Jr

DEy _ YEl) Gt
r-’ coss s
-



THIS 1S BESSEL'S EFEQuA7ion pF ORDER ZERo
]7 DEScR/BES 7THE RAED/AL VARIoN OF
.E; WHICH MH+AS Tite VARIATI O C,“""g’

T7' Sohu7ionN ;S

Etr)= BT &-r)



o eafe) (]
&__ceuﬂwc'hnré—

AT F=£ —CANU7TY WALL
FIELD VANISHES CAVITY WAL

EAEC7R )
W . R — 45 Zeeo ve J, =~ L. P < 7 4oug
C C

'Zi.f - R ==2-l495-} For R~ 39 cm

Ric SonANT J‘- = é.:‘_ 3@9 l(o % ,Ia

FRIZE QuENCY
TYPICAL CAVITY HAS RESONANT [FREQUENCY ~ §DOHN,

T aly

g -
ﬁﬁﬁﬁﬁﬁ

A VALUE = LOSSES IN  CAJVITY MATERIAL ?



o ConDunc7iN G

1.2 7 cavity wa b. C/Q'\f L7 V\)A’/L(——
Z () s R /
1.0+
Jo(kr)
0.8 )
(\/
0.6 - 3e(
0.4 -
{2~ Ji(ker) M s 02, & Ol 14
R /ko

ﬂi {} J I ¥ I T T T T T 1

0.0 0.5 1.0 1.5 2.0 2.5
Fig.2.7. Electromagnetic field pattern for a TMg1, mode in a circular waveguide a.) three
dimensional field configuration, b.) radial dependence of fields



—

BEAM FErMERGY 6AIN IN OSCULLATING B FIELD

TiIME VARIATION OF

. \/ {ﬂ , TRANS 7
CAVI 7Y (. VoL7RGE DueinG—
\...-’ ’ |
> CIHARGED Pﬂ@?{@é

TIRAVERSING CAVITY

. 7 CAVITY
-4 +
'E {c: >_;_tj- .
<
e V(*) = eV, mw*‘-’»ﬂ = e\/affﬂ(‘*-’ '{})
+Ce
2epFd BB o[ 2o g o C“"’é) ds
= LB . L
- _ Wl
1. v v o
< TRANSLT T;-M::S

A C70R ’u’oL?&GE'



TERANSIT TIME FAC70R Son W/LL- =~ T

ENERGN CPvED BY PARTLLE  PassinNG- }
THRoNGH CENTRE DF CAVITY A7 PEAK FIELD

{Eﬁﬁﬁé‘/ GAHN FRoM COnNISZANT FﬁE‘LD}

WANT Crose TO A1

f'.'."aR U= O- g S A — 0,7
“u CcAVITY LENGTH
M« - L\J «Q _ -C wéﬁ*é
M= e T oL _
22U 2C C
S CAVI7 LADIUS
Bur WK = J.405 /
C N —

3
- . 3
w/c - L 4+ bo /2 \ - -
TypichAL CAVITY

ASPECT RATIO

< 2>



CAVITY  DIMENS/ONS

' SANW TTHART A CAVITY OF RADIuS ~ 30cmn
RESONA ZE<c A7 ~ S600 MHHz
- For w2k =08 — L= 16X = A5 cms

e

< C =z 500% D"

CWHY IS A PRACTICAL T~ 0-% 7

FoR  T= 0999 (=1) T= S0/

o4
FRoM ABOVE T , EWECTRICAL BREAK
POIWN
- 30
L= 9"26’_ = od ows o SHALL AE o~ TRANS 7
/|
Zrr5ooy) 0* . hARD
| MANU FACTURE




CAVITY @ — VALWUE

Q _ S TORED E~ERG) WAN T TS TO
) (Ewﬁﬁsy LOST I ONE BE WARGE ¥
fQﬁ-.DM}M oF DSCILLATION

ENERGY CoNSTANTLY 0SEILLATNG B 4> B
ONKY NEED TO CALL [ENERGY N~ Euay

= < Vorumis

U= & L = Eo [ g2y 4 VO-uHE OF CAVVTY

23 R\_________ ECF): Eg¢¢(%'r)

= < = 2 /Wy ﬁ;\« — E'l_é. 1, 27 LJ
T e @) "fjx(z-f)jo‘*j 3
p-o <o




=g g2 ;rgj'jaz(;.fﬂ) C’IEJQAr’

= £, B Tk RfjJJf (%?‘Q)fdf

o

J 7 )=z = e ] - 1 [HE] T
&
— é'uEu:V’-iEJ (a()_jz e T “=
2 1 / C
/’/
Us=1g B2VT, " (2-uos)

T 2.
f( (0-52)
STORED [ENERGY NOQ;L% OF WNIFoRM FIELD
NMOW NEED 7o Look AT =il LS 6~ C’LM}-’Ty
LossEs To CET R S 6 5V




OHMIC HEAZT/NG  IN CAvI7TY  WALL

OsScic ATING FireLd - yvDducen CURRENT = REL.?&;;;WE
— J_ IS SWRFALE CurReNT DENSITY
e 8&//40
IN CaviTY Ra (F 6
/ &( ) kfo‘-’{)- urw&

Eq = Ej(me - EDJ;,(:i--"Jé

L

WANT RBeg ~ ORODER To GET 1
USrc NI AX WE KL

55; JBe
adr JE



_3_5_9' - w By (r e ”
26
\ DEy  9Be
Jr 9%
I'..(:-J 8@-(#’)@““&- = 9 g (L_-t?_ r)]gﬂkub—
B "?E <.

Wit TIARE

wﬂﬂionr EL.. f{“jﬂ CZ)} : -Z“I%, (2)

Mo ERAS }N,q;__u{s;su G(Z

1902 n— O - %.P’
PA g2 359



~ b
o LoBe(netTs TR T (Y.r)
=

Be () = 22 T ()

USE THIS 70 CArCcultA7E TH= CuRRENT

DENSITY /N 7THE CAVITY WRLAKS



Bo(r) = _f:__':f_ J 4 (fi‘i .r’)

. C
e INSTANTANZousS Powse
LOSS nTo RIESISTOR PCt) = )&_36’5’) Ry V(¥)
. TIME AVER AGED — ‘wls cwbé
PoweRr LosS a Q{I"ﬁbm R se = 4 T,
YoLE 2
- 12
CAvITY PowER LosS 2

CARRENT DEnNSITY

6 2 afn[ 2Tt b ) ae e

it ] 7

SURrRFALE
SURFACE
RE SI6sTWTY



2 (E tQ)‘)Z
QENDS b“'fﬁv'&",:’?.

ER SuRFACE
Waﬁ CNVUINDER

( RAD 1115 (/ws-r)



o A RALDRA D)

=z =L o
CARVIT7Y WL

E.\2 .
)T) 4 REI L, am RLT,”

P ——

2-
R 2
P )2 2T RL (/f- -—) J
Mo ¢ =
S 70RED EWEREY
e
DEFINITION ©F & = __a.'?._% =i'€aEaQVI;Z

- — J
< LEETRLT?

2 N Power LosS Pl
2y, RADIAN oF p§ciecA7 o



@ = W LD ¢ /?ESDN;Q"M? F@E@w_éf\t@
P OF THE CAVI7y

) = _.ZITLF s 2.4685-.C W s Q4o
2. <

Soe s duvsc & Eo mRELIS

R A = 2 2
7 fs =2, arRL (1 2) T2
D

Q VALUE — 2 4OS HoC WANT & LARGE
O GH\JL'Z‘/ R — STMARKL
(1 T ) £ )
— __& SHMALL qcff
I
FoR Cu @~ 40" wi 400 HH; ELEGIonT
Fﬂ@ \.FHP!EJQ CBMDMCF?"’\}G“ @ L /{04.&

CAVIZIES



SHUNT  IMPED ANCE

THE ENTIRE RF PLOWER IS
CONVERTED To HEART IN CRVITY
WAKL — SHuUN7 IMPED EANCE

THIS |S WHAT GENERLATES THE
ACCELERATING VOLTAGE

PR,F" L l//lﬁ,s “"Es: _.l{-zv

“~ 2 Pre

CAN ALSD THNK OF SHUNT IMPEDANCE AN
Re- (EMERSY G )uwi7 crARGE )

. -y < =T A . S
s b WLy | Y e AL -G

AEHJJ = Q\/T



p. . Eo LTS & Moc
S - _
2 A Es RA (;+L@) T, (-406)

Rs< Lo A 7% |
Tfo 2R (1 E3 R])

DORIS — & GN PEIRA — 30 GaV
R_g:?)'é)‘lf&;’,_ﬂ_, ,es:,f.g; {D{',Q»
Fer - SOKW Por = 425 kW

Verv = 54 €k Vops > d-A2 MV



CAVITY CEOMETRY

. LAN INCREASF ENERG) EMN o/ Pli Koy
BY ADDING AE-ENIRANT SwuR FACES

| .V
[—- —_ Eances 0‘ + DECREARSE
. QEsis TWVE LBSSES MAINLY
oN CYLUINDRICAL WAKLLS

CAN RAawe O BY —s




@ |CHIRO Cavity

I2269—Cﬂ2

1.70e-002

1.13-002

IS#4 10th meas.
11

10 - oacicl e

' Eacc=53.49MV/m!:
T B e A R Qo=7.83e9 .

Goal: 51 MV/m 107

ench

-~ EP{20+2um)+HF rinse+HPR{UPW/)
+baking(42hrs:"120 C)_

Jmmmmmmmﬂ Fe

|' 4 m‘l m ‘l mﬁ m‘ m “ | ,~,?: '

60



