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Study of Heavily Damped Sc RF Cavity

With reteTm ce Ø the EÁ KB 509 MHz mpemon² eÉ 28 ( SC) eaÊä , aAbÔ - a

c oll ider upe ade pzoj ect ( BE C E ) has been desiÁ ed . Some

manees have been checked by the Bm c E model Ø vtty .
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1 Int r oducti on

8upeEæOEEducti ng RF cavt .DUEtng last four decades ,

t ies have been developed F aduall y from lab bench to ap-

plication i n accel eEÉatom at vaEt ous labe amund the wod d -

× mir laª e scal e appl ications in accelerators am l isted in
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Ò2e development and applicatim of Sc cavi ties on

pan i c le acceler ator have pl ayed m i mpor tm t m le on t he

h n ti er of h i d I beam energy m d stm ng beam i n ten si ty -

Bec au se of the l ower sUEf ace re si st ance of Sc cavi ty , É e

un l oad ed qu al i ty fac tor Q o d Sc c av i ty i s about a ve od e-

m h id m r thm that d nor mal cond uct i ng ( N C ) cavt ty .

Du e t o ad op t i ng t he l aEÅ e beam pi pe j oi nted t he aeee l erat -

i ng cavi t y , H O M s exc i ted by beam m rm t th rou e I h

cavi t y cm pm p agate along th e beam p i pe and fu n h er be

d am ped d eep ly by th e at tac hed f eÐ i t e abeorb er . 1E u s the
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Sc caµ t y Soz d Ee Bei j ing E l ec² Ê,z Poeiuw z

¶ the caµ ty hav e been mad e m d mm e d c avi ty per for ¤

HOME) , shunt impedmme

beam cum nt threshold d instabi l iä cm be enhanced m -

markably .

Ò 1e lumi nosi ty d the BEPC E m u be impmved

Î £ut two ordm by incEªEasing beam curm t and applying

m em-p scheme . For É Ê pu× £è , the beam cuETent ÷ l l

be incE¢eased fmm several dou m mi ll iampem Ø ampem

Od er by usi ng the double-Et ng stmctum . u e beam i na a-

bi I i Hee i nduced by hid z i ntensi ty cum nt ú l1 be a se-

vem pmblem . How to ovenØhelm them becomes a key

T- Me 2 . Ma m p- r - me-em mù ù d ta É e RF
,ya em h BW C E 2} .
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i ssue , especial ly the coupled bunch i nstabi l i ty ( CBI ) i n-

duced by HOMs . Momover , bunch length Òa in the

BEPC E stomge ri ng wi l l be compmgsed from 50 mm Ø
15BEEn to meet the reEFEm ments of the mi m -p scheme[2] .

Table 2 li sts some pammetem ml ated to the RF sya em .

111e bunch lengt h Òz cm k calcul ated m É foll owi ng

expE· $810n :

l c ¤ C ¤ Ø ¤ E

Òz = l ( 1 )
J 2 ¤ Ð - h d ( ( e ¤ ñ ) 2 - UJ ) Â

here e i s the electmn charge , c th speed d l id zt in vac-

uum and q the sl ippage factor ; for the meaning OAf other

vaEtables , d er to Table 2 . Accod i ng to Eq . ( 1 ) [Ê , a

f requency of 5Þ MHZ and a Ø vi ty vol tage of 1 . 5MV M H

be applh d to compmØ the bunch length . Since tha-- ´ e ¤

v e , th e b un ch l en gt h i s al moet i nvez, e l y pm Pom on al to

¼ m d J F: - TE e mai n vi ô e d th e adop ti on of s c

cav i t y l i es on t h ± i ts SUEf ac e m si stan ce i s l ower than that

d dze n ozm al cond uct i ng ( N C ) cavi t y b y abou t a fact or of

10 5 . A t a e ven cavi ty vol tage , the R F loes of Sc cavi t y i s

nesAi súb l e , an d al most al l of th e m i cm ¼ " power cm k

t ran sferE· d t o the beam [4] .

2 Structure optimization

Based on the KElt B 509MHz Sc cm ty , mEIE modi -

tlcations have been put fom ad to meet the frmFBeney

mquirement of 500MHz for the BEPC E .

2 . E S¥ , teg es of opa m im a on

A typical cavity has a shape as shom z in Fig . 1 ,

whose stm ctum has been developed m cceØful l y ± ô d z

Energy Accelerator Reseamh Organiza tion ( KE K ) , JA -

PA N , and pmved that it cm damp HOMs deeply dud ng

the KE K B operation . By tuni ng these di mensions , a set

Fig . 1 . A typical ü vt ty shµ e wt² a ,et d dimensions .

ß Ü ï í ë Ë " í (HE & NP) Ú Ð ì

Ð ychÞm÷§ Ô Ó ,
hem A is the w® d ene h and F the ml ati vi sHc veloc-

ity of accelerated paEt i cle .

Á : wan slope m d e , which inf112ences the mechani -

cal behavior d the cavt ty .

RSBp or R m : smal l beam pipe ( SBP ) or coupli ng

i ris radi us , which detem i nes the cut -OH h quency of

HOM8.

R ½p : laE¬e beam pi pe ( LBP) raEHus , which deter-

mines the cut-OE h¯ queney and HOMs loaded qual ity fac -

tor Q L ¤

A l & B l t seEZHaxj s of the Øp d upee , wh ich is m -

la ed to the peak mag zetic f leld of H ,p ¤

A 2 & B 2 : semi axi8 of the bottom el l i pse , whi ch is

mlated to the peal¶ electric tl eld d E -p ¤

Req : equator mdi us , which determi nes the maxi mum

foEæe coming f rom l iquid hel ium .

H : length of coupli ng i ri s , which iEdhBenees the

damping ped omzance of HOMs .

W : equator l eEª ú , the last fme parameter -

The pammeter W cm be used to adj ust the accela --

ating Á p length Ø mach the mquimd fzüquency at the ex-

tEmne case , whi ch cm be el i mi nated l i ke the Cornell cav -

Ety .

2.2 Chd ce of cavi6es

Two ki nds of Sc cavi ti es and their accessod eg ,

wfzi ch have been opemted succegsful ly on stmng beam in -

tensi ty accelemtoh have been developed ± Cornel l and

KE K , msped ivel y . A s the mfemnces and also consider -

ing the inthBenee of various pa 3zmetem on the cavi ty per -

formances mentioned above , other four cavi t ies ÷ × the

h ndamental fmqlBeney of 5Þ MHz have been £om i deM

during the BEPC H Sc cavi w opt i m m uon . Some pamBEe-

tem for them cavi ties am l i sted in Table 3 .

h Table 3 , the Mod× ed CESR E cavi ty is Si m lar

as the CESR cavi ty in cell shape , whi le it has middle

slope m d e and pmper equa or length . I t is expected that

it cm m ppmM the HOMs mom deeply , but É e aecelemt¤
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Table 3 .

Ü Ã É Û Ü ó m cozd d É Ô Ð W W ì ô ed cm E ô m

h 4 m fz f ® m Jì w m J½ , F Z m .¤ Ø .s m .8 ' m .8

af(£) IO E, i m l o

w m o Ò 2 10

Rº ª a .² m ª Ø.m 268

A1
'"

$4 .996
84 .936

A2
B2

27.,
"

H 4

Rsw & Ré 110 120 11¤ 110 120 114

RESF 130 1Ø ¤¤ 150 150 160 150

G, /2 121.519 120.Ø 1 133.119 123." n 120.063 1203 78
Rf Q¤/0 992 · " .?" ' gAâ " -149 84.614 90.834

11m dt h e h eter -- (vo× £-sm 05 Î £-m o.517 0.473 0 .sm

E, /E.J ( void) 2.16 2.ø 2.Ì 2. 14 2.4 2.2
Ì H, IE." ¤/ [ d V( MVj m) ] 4., 2 5.21 4.63 4.94 3 18 5.±

- cdcd ated b, SUPERFISH- EEen RI Q h d ective chm eted-ue ­ , eda ee md E... ² a,emF eb eh ¤ ¤oeeM aÖ eAecØe add.

¤¤ n ut, tube ametlue.

ing mode peEf ormanm goes dom . u e Modig ed k E KB d synchmtrotz radi aH022. Eq . ( 2 ) gi ves the Eel at ion d the

cavi ty is based on the k EK B cavt ty - TTm radi us of R ssp is product d the beam ctERØÇ thmehol d ù and HOMS R . .1Ö

enlaç ed to pmpagnte HOMs mom easi ly . ÷ × the machi ne paramet em in longHtudinaIH] as

For a hi d z beam intensi ty accelerator , the i mpoEt ant - i E l
46 ¤ t - - º - tY. , . . ®

issue i s ­ ± uee the HOMs shunt i mpedance R. duri ng RÐ ¤ I th = É e / þ - e ( Á þ i ) 2 . ( 2 )
¤ ÁP - Ta - n - J

opt im a ng a cavi ty shape . Meanwhil e , the other pamme¤
F o r t ra n sw m e d i m e6 0 ¥ , t h e H O M s R - m c mte m su c h m c a v i t y R / Q , t r an si t t i m e f a c t o r , E ,J E --e ç ± , U± Ò

be expmseed æ
Ì H J E .c should d so k cOEISidemd cam × ll y .

i E K
2 ¤ l - l ' ®

t e f i z- g f e ¢ 2
R - I 4 - É ' . , É e ya - ´A..yµ ¤ Ó..y - n - f ¼' u¢ e ,

(3)
whem ´ Ò ,y µ is m t mem squm of the envelope function

of betazmn oeci l lati on at the locat ion of cavi ty al ong Z or

y dimetioa , f the HOMs fEÐquency and n the cavi ty

number ; for the meaning d other VE iableh mfer M Table

2 . 111e lons-tudi nal li mi tati ons of HOMs R.A¤Öat diEemnt

beam current are shown in Fig . 2 .

Ò1e transveme maÁ ´ e ( TM ) nmnopole modes wi l l

basi call y inEuence the long-ttMi na» beam cum nt thm h-

d d , and the di pole m and transveme elecÜic ( TE )

modes wi l l determine the tm Esveme beam cum nt ² msh-
old d CBI . 'n ze beam tha movm alm g the cavi ty center

cm mai nly m ci te the I M monopole mode- d the Ø vi ty .

3 HOMs issues

Compari ng wi th the other two B- factories ( KEKB

and CESR E ) , the tunnel d BEPC E is m m Þ mpact ,

and the machine parametem of the BEPC E aEü much dif -

femnt fmm othem . By cal cul aHon , we found tha the

BEPC E have mom m vem l i mi tation to l ong tudi nal HOMs

shunt impedance R ¨ Ö than Wo B- factories .

3 .1 Beam current

The coupl ed bunch i nstabi l ity ( CBI )

mines the beam cum nt threshold ù at a multi-bunch and

h i å CUE-ZW Et i n tensi ty mach i ne . It mquims that the gmì h

t i me of each HOM shoul d be longer than the dampi ng t i me

î Ð ª È Ý º ' EÐ ¿ 921
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h quency at diEem zt beam c1Erent .

On the other hand , since the g m,th t ime of the i nstabi l i ty

of trm sverse re sh tive wal l i s several mi ll i seconds , a cor -

Ó epondent transveme feedback system has been com id -

emd to damp the transveme CBI . So how to suppress the

shunt i mpedance of the TM monopole modes i s the key is-

sue for the BEPC E .

111e shun t i mped ance of the T M mo nopOl e modes f or

th e enl aE¬ ed equ a or cav i ty has been cal cu l ated b y the

cod e Cl an s . Some typ i cal paramet em of monopol e mod es

am l i sted i n T ab l e 4 .

T ab-e 4 . som e momope-e m@da m rama ef s amd

É d r ­ u abauy m@WÉ Um e

Fr-q . l a- ded cavity Shunt Impedano- Groçõh T1me
Mb de Ç p e ¸

f I BO f z Q L R / Q / 0 ¤ R J 0 ¤ r sh -

TMO11 949 66 16 1Ê 6 6 . "

Ä " m m n 52 5 .5 2 6 n -S

LTÒ' 01. . 1168 39 7 .O Z73 21.6

TM030 1538 118 1.7 201 24 .6

LtMO2 . . 19Ê l 15 o .91 10, 42 .6

9Tm 1. . 2 14 81 1.2 ¶ 45 .4

- Eh m Å Ø im ed¤ ,ee d­ ­ Ñ' md UMe h - dop--d .

¤ ¤ u e lm -E L md s meuzs LBP md À , mode m peefiveAy .

Fm m th e m SUIt s of T ab l e 4 , on l y T M 0 1 1 mode at

th e h, qu en cy d 0 . 949 G H z i s d dom i nan t shun t i m ped -

an ce . Other mon opol e m odes ' R . am lower th an th e l i m -

MUon of l ongi t ud i nal beam CEm ent . So th e T M 0 1 1 mod e

shoul d b e su p pm gsed mu ch m om . On th e oth er hand ,

si nce the SP ECIEm tm n m d m u on dam p i ng Hm e u the l ong -

tu d i nal d i rect i on i s 12 . 5 m , a l ongi tEM i na» feedb ac k STg-

tem is need ed to accu mu late t he beam to th e des ip 1 val -

ue . T he d amp i ng ti me pm vi d ed by th e l ¶ g tu d i nal feed -

Ú 27'Ë ï í (EEP& NP)ß Ü ï í ë

back system should be shOMer than the p m ¤th t i me of the

most dangemUR HOMs .

3 . 3 Red EEd om of the shun t im pedance of the T M O11

m ode

To E- duce the shunt i mpedance of the TM0 11 mode ,

the best way is to enl arge the radi us of d1e coupl i ng ir is

rad it»8 Rm m d the beam pipe radius R SBp or R IBP ¤ But i t

m l l al so spoil the accelerat ing mode peEf ormance and in -

cmam the Mati c heat 1088 of cÇ oeta1. A t last , a modemte

RSö , R ú p and R in- should be d osen . Another method ,

which suï ested by KEk m pe¡ , is to adj ust the pamme-

tem d ferr ite damper to reduce the shunt impedance of the

TM0 11 mode . By movi ng the damper posi t ion and chang-

ing the damper sin , a set d sui table damper parametem

has been found . Fig .3 shows the R . of the IRf 0 11 mode

varies wi th til e damper posit ion .

When the damper i8 moved towad inside cavi ty , the

R. goes dom E COEZHnuously . But the minimum distance is

li mi ted by the power loes of the accelerat ing mode on the

outer NC beam M be . TTze loes should k less than the al .

lowable vd ue of 1- 2 W ó the cm ty vol tage of 1 . 5MV .

A t pmsent , a moderate distance of 878 mm has been cho-

Ê n , a shon er distance has al m been considemd now .

,21 25

820 840 860 880 90£ " £
posiuod nm

Fig.3. TEe shunt mpedance d the Ø ® l 1 mode

m . É e diatanoe h n caviw center Ø the daó per -

3 . 4 M eaSE ed r Ø Ø ü " the model cav tt y

By usi ng the model cavi ty attached with the fent te

damper as shmm in Fi g . 4 , the qu al ity factor of TM0 11

mode was measured at k EK . Fig . 5 is the electd c gel d

pauem £f the TM0 11 mode , it shows that the 13 f 0 11 can

pmpagate along the large beam pipe m d be abm É ed by

the fent te damper . Ace£M ing to the cd eulated mm It ,

QL deemases to 66 .
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Fi g . 6 shows the measuEüd reSUIts . Comparing wi th

the cal culated EØSUIts , the meaSUEt d val ue is a l i ttl e

smal ler thm the cd ctElated one , because QL is deter-

mined by the ferri te size and iu propeø ´ ¤ Ê Ee ibnt te

El m is onl y 4 mm in thickness , wtEi ie , at the exU¨,me

case , the mesh d the eompuMUon model i s 1 mm , ¢d Eieh

i s tÞ eoame to obtai n m accuracy result .

CENTER 0." 7600 GHz SPAN amoooo GHz

f fGHz

Fig.6. Meaazed QL d ² e TBm11.

mî Ðª È ' ß µ à Ð ¿

4 External quali ty factor

In a mal machine , beam loadi ng P M¤ ' cavi ty VOlt -

aee VC and d ecHve characteri sti c ië edm ee R / Q deter -

mi ne m opti mal external qud ty factor Q§ d the input

coupler . A COOEd ing Ø the opt ima» extem d Q§ ' the di -

meEESion d the input coupl er should be deci ded by si mula-

tion and measuEmment . For a co× ial input coupler , the

inseEt i ng depth d the inner conductor shmEl d be settled

aeeOEd i ng to the measuE· d EüSUIt8.

For Sc cavi ty , si nce the RF 1088 i s ned ig ble , the

loaded QL i s al most equal Ø the ext ernal Qnz d dEe input

coupler - One cm si mply eet the optimal eFEtem al QÞ

by[' ]

V2
Q§ = QEt e . ( 4 )

- p bm ¤ ( R/ Q )

For the BEIFC E Sc cavi ty , it wort s a a cavity vol t -

aee of 1 . 5MV wi th the beam loading about 130 ltW and

the cavt ty R / Q 95 . 4330 for the enl müed equ± or case .

Fmm Eq . ( 4 ) , one cm eÙ ö a the opt imal Q§ is about

1 .8136 Á 105 . By movi ng the inner conductor d the co-

axi al input coupler in Fi g .7 , we have measumd the exter -

nal Qüt d the input coupler ± the model cavt ty as shom z

in Fig . 8 .

lm 250

15Ø

Fig.7. 11,e m Æconducta heiOI

d input coupler .

ACCOEd ing to the att i ng formul a in Fig . 8 , the exter -

nal QES maches the opti ma» poi nt at the inner conductor

hei d u of 0 . 45 1mm . On the other hand , by calculating

the S BEatdx response d the input coupler port ÷ × a 3¤D

simulation code and ded vi ng the external Q± of the i nput

coupler , we also obtain the si mi lar EüSUIts .
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Fig.8 . Measured QØ d input £oupAe .

5 Tuni ng seEmi" vi ty and

placement of the tuner

In OM er to compensate the vazÃi ng beam loading or

detu ne m idle cavi ty , the BEPC E Sc cavi ty should m -

sew e a tuni ng range of ¿ 2Þ kÕ by a tuner -

By chang1ng the accelerating gap , the frequency

shi f t of the fundamental mode has been calcu lated . For

the enl arged equator cavi ty , the TM0 1O Mode ' s æeqIBeney

vad es h m 5Þ .029MEt É t0 499 . 693 MEf z when the Ø vi ty

gap d ut nlu l mm , the tuning m nsiUvi ty i 8 336ld fd mm .

Si nce ti le mvol tIHon ×, queney of BEPC E i s in the OM er

of MHz , ¤ m idl e cavi ty should k detuned , we need not

caR the Ó vol ution hüquency . 150lEHz detuning fmquency

is reasonable , and the tuni ng mnge cm be chosen ±

÷ 2Þ iEHz . h thi s case , the movi ng di stance of the tuner

is 1 . 19mm for a 400kHz tuni ng range .

6 Multipacting (MP)

During the pmcess d the development m d applica-

R ef eEºeEBees

FEm ya T . sup- -, ond aetis̈ CM EF¤ Izu phM cs and Eng needng d

EZé -Pedom mee Electron Stom- - RhF ¤ Sinp pore: Wodd Sd entirac-

m m . 348- 393

B U NG Chuó g. Staau d BEPC md n m- d BEPC E . In : h oe-ed.

ð , d ² e seeond Asian pa t id e Aeeeae a or Cod e,, nee , , BedjtÛ ,

Ý" 1. 0 - 10

Î ai k . RF Sé tem for Eleet on S² ' ee Rinp In : Pbyz4es and Eng .3

tion of Sc cavi ty , the electron MP was ever m obetaele to

i mpmve the accel erating il eld . By adopting the cmv i ng

cavi ty shape and mduei ng the IWEld Eness d the inner sur -

face of the cavi ty , i t is eg ect ive to m ppmss the M P oe-

CUEYing an d Óduce the chance of m MP bei ng exci ted[5} .

We have done Ø m si mul ations to idem tv the elec-

tron MP of Sc cavi ty . Ú Ee resul ts show that the womt case

occum at the average eEecti ve accelerating gradient of

E E = 7 .7 MV / m for the enlarged equator cavi ty . Nom lal -

ly , the BEPC H Sc cavi ty wi l l be operated a E ¨ =

5MV / m , ÷ × m m oue E Enazg n leh .

the maximum dis-

7 Conclusion

To adapt the è KB 509 MHz to the BEPC E

5Þ MHz SC cavi ty , , eveml opti mi zation schemes have

been investigated . Fmm the viewpoint d engi need Ö , a

simplest modi fl cati on scheme has been considemd serious-

ly , based on the measured , cd ctElated and si mul ated m -

SUIts of cavi ty ped omlance . 'ITm new cavi ty for the en -

larged equ± or length can satisfy the mqui mments of the

BEPC E . But i n order to accumulate beam cum nt to the

desip E value , a suped or longi tudinal feedback system

shoul d be constructed . Now the engi neer ing desiÁ of the

BEPC E Sc cavi ty is under way .

M l the work has been done under the careful super -

vi sion of Pmf . s . Ih zmltawa , and the conemte tasks pm -

ced ed under the i nstm CHon of b of . T . Fumya , Pmf -

Wang Guane Wei and Pm Wei - Min . FUEt hermom , al moet

all of relevant pemons of th e BEPC H and m m of the

k EK RF expea s have taken pan m the di scussion of thi s

pmj ect .

needEºg d Hid - Pezform aee Elecuwn Sto¤ç e ô Þ ¤ siEÂ poeez Wodd

sei- ntiÕ , ± ¢ 2 . 118- 149

ZHANG E ng-Min . Sµ emon¤ etiÖ Cm , Ô,zie Ted s-oAOU UBd pm cle

AoeelemØr . Beij inez Science- Ã ' " ' 1994 ( M CMææ)

( Å Â ñ . ¬ ¼ Í Â ¼ õ ë ² Ó Ó Ù ù . ± © : Æ § ö æ ç ,

1© )

h dm m e H RF Stapemoaduesht ty foT Aeeele®ú " - New Yozt : 30× ,

WEle7 & Som Ine . , 1998 .

4

5



Ú 10Ú

ª ª Î Õ è KB 509MHz ¬ ¼ à , ¬ ± ¼ Ç ½ í à ½ æ ò Ø Ä ° ì , ª ± © ý º ç Ó Ô ² ú Ä ì ¤ Ì Ä µ
è Æ Ë » ö 5Þ MHz ¬ ¼ » , ¢ Ò Ô ¥ Ä » © Ô Ü ø Ð Ë £ â Æã , ¬ ± û Ã ¤ £ Í ¦ Ô » © ÷ ª Î ý ø Ð

Ë â ¿ Í £ Ë o

Øü Ç ¬ ¼» ß Î £ Ö· è ¹

m 3 - 01- ´ Õ å ,2Þ 3- Ä - ª Õ Þ Ä ª

l )ELmd :lizq@md .ihep -ae.m

Ö ÆÄ ¬ ¼ ß µ » Ð ¿ 9g5î Ð ª È : î È

î È Ö ÆÄ ¬ ¼ ß µ » Ð ¿

ù ´ I) ÅÅ
( Ð ú Æ§ º ß ² ï í Ð ¿ ù ± © 1Æ" )


