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Hid mr Order Modes hnpedlance and Damping Study

P A N W e i - M i n

( InsHtute d Hid E Enezzy phyÊ è , m e Chi m e Academy d sei- Éeee , Beij ing l oÞ 39 . Chi na )

A M t - ct To investi8ate the hid EeT Od er mode ( HOM) damping m the LEf tJ ZOom - Ø PM ü CM ty w² en

using four HOM couptem , simulations have been done by both hüqu ency domain and timf domain methods .

Using these methods ² e impedance spect a of the hio er OM er modeg m the cavity beº ± md d er damping
has been obtained . Fro-n ú " , detai l ed infom auon about the HOM coupler ' Ô£ont ibution to HOM damping

cm be obtained . u e dia» iM Uon m d nzap i tude of some p04enti all y dm gemu- hid ter order modeB m dEe

LHC capbz e cavi ty have been fom d .

K ey WOEÊ' s hié er od eT modes, impedanee daµ Ö , MAFIA time domain , IE C caPURe Øvtw

1 Introduction

A 200 MHz RF system using four identi cal copper cavi t ies del ived ng 3Bf V total captum vol tage

and having enough bandwidth to achieve fast long tud ZEal damping , pmvi ding si mul taneously the ca-

ptum and damper vol tages , has been pmposed for the longi tudi nal transfer of the pmton beam fmm
the SPS to the LHC[1] . TEe cavi ty shape ( Fig . 1 ( a ) ) has been desiPEed such that no important

monopole mode wi l l fal l on a maj or bunch fEüquency li ne ( eveE7 40 .08 MEf z) to mi nimi m the power

handl i ng mquimments of m y HOM coupler . Four HOM couplers per cavi ty m l l k i nstall ed i n such

{¤}

Fig . 1.
( a) LHC 20OMHz eapMm cavity internal geome»y prome( unit :mm) ;

( b) LHC 2Þ MEfz capu m cavity md14 HOM coupler ports .
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a way Ø to stmngly damp the moet promi nent HOMe- - the mai n sou rce of coupled beam instabil i -

ties . A poe- ibly neÁ t ive egect d the intmdtact ion d É ese coupler- wi l l k detuni ng d the fmm eney

d the HOMe , possibly on to one of the bunch fmquemcy harmonics . To be able to c012ple to d
HOMh two HOM eoeptem m ing m Á eti e coupHÖ , loea ed a + f - 120 mm fmm tbe cavity ( lone- -

tudi nai ) midplane ( the totad d four couplem is e ven by i nsu Mi na two pai m at 900, sm Fig . 1( b ) ) ,

m u be instal led .
Since the calcul ati on d the cavi ty wi th HOM couplem and its other accessod m is a thme-di -

menSion pmblem , a 3¤D numerical method ie needed to calculate the damping EüSUIting fmm the in-

stall ation of HOM couplers . h th is paper , we desed be how  calcul ate dEe meul É ª beam coupl ing
i mpedance , due to the LE4C captum cavi ty M É the coaxi al HOM couplem instal led . usi ng MA -
FI A [21 in the ti me domai n . A £OEBPIete si mulati on m ul t for the HOM damping in M C capture cavi ty

is p" ' ented .

2 Sinndations in Frequency and Time Domain

For the un-danp ed cavi ty wi thout HOM couplem , frequency domai n simulat ions for the HOM

i mpedance and qEEd i ty h ctor em achi eve good mSUIts - since damp ing is caused by the cavi ty wal ls

exclusively . But for the damped cavi ty wi th HOM couplem coupl ing to the outsi de , as i n the IJEf e

capM m cavi ty , i t is dim cult Ø tmat mathemaueal ly the boundary eona tions when in the ×, quency

domai n , especial l y for a stzonely daEZp ed cavi ty . Fmm eney domain model ing is not abl e to mpmä nt

the whole mal a eld pa u m in the cavi ty . For thi s u t emal coupl ing case , the t i me domai n simula-

t ion is better . Consequentl y , beq1Beney douó izz model i ng is used × rst to cal culate the impedance

R-b , the Q and the ( R / Q ) of HOMe for the LHC captuÓ cavity wi thout HOM coupl er, . Th i s wi u
pmvi de the natural ly damped HOM infomu Sion . 'ITEen the same parametem for the cam ÷ × × e

HOM couplem i nstal l ed am cal culated usi ng the t i me domai n si mulation to get the damped resul ts .

2 . 1 ô ç q uemcy h m - am R" ± ²

l n the fÓquency domai n , the " E-solver " d the MA FI A code ie m ed  calmBlate the ei genval -

ues of the cavi ty modes , the impedance R ú " d Q. . Fi mt , the cavi ty a m etum i s modeled usi ng the

MA FIA mesh generator . Only 1/8 of the cavi ty needs to be modeled due to i ts symmetÇ . h the
E-solver , al l boundary condi t ions m speciEed u bei ng ideal electric or maÁ etie surfaces» - - the

beam pipes am eon si demd to be el ect ri call y shon . A l l symmetr ic planes can be specia ed m the
P- modul e for the cal culati ons of Q , R a and R/ Q . Severd si mulati ons were performed for dia eEWEt

bounda y condi ti ons a the syEmnetd e planes to obtadn al l the msoaBant modes in the fmquency range

d 2 . 6 GHz . Mem while , for eompad m n , we used the l j m el code to cd culate al l possi ble m om t¤

i ng modeg i n the same range of frequency for them digeÓ nt boundad e¤ . Resul ts from both codes

e ve a good ap w m nt eom idem g the dig erm ce in both mesh sim and model ing .

2 .2 'n m e DOma n stm Mau on

'lb study the HOM dampi ng in the L HC captum cavi ty m th the HOM couplem , the fmquency

domain model i s not capable of desc ri bing the HOM power coupl ing to the outside worid , wheÓas
the ti me domai n Sim laHon has been ebò ò  e ve good m ui tsJ AJ . d im sd z it is m m compl ica -

ed .
In the time domai n , a h l13¤D cavi ty stmcture -m lone- ttBa nal dimeti on ( the beam di recti on ) is

nece- -a® , to which the four identicd HOM couplem aze attached . Due to the synmmtd c d istd bution

ß Ü ï í ë Ë ï í (HE a NP) Ú 264'
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i n the l one- t tM i nal d i rect i on , f or si mp li c i ty th e H O M i mpd m ee d th e cav i ty m th on l y two H O M

coup lers cm b e cd eu l ated , and then anal yt i cal md b od s em k u sed for t he ext ension to fow H O M

eou p lem .
'IE e F weed um for mmu l at ion i n th e ti me do mai n i s u h ldows .

Fi n - , a 3 ¤D m de l of the L H C Cµ U Ee Ø × ty m É H O M dm µ er poat s m , " erased i n th e mesh

mod u l e d M A FIA . 1h e H O M matp u t POEt s  ü eoan al and am def m ed " i Eza ni t el y h ng wavegu id e

por ts ÷ × a cham c ter i st i c i mp ed ance of 50 0 ( VS WR = 1 ) . Ò 1ese pon s h ave a wave- gu ide bou ndar y

coa fHUon wh ic h requ i res a cal cu l at ion d th e wave- gui de modes in 2 ¤¤D . For th i s a 2 ¤D sl ic e for Ø -

m al H O M pon i s used , based ¶ the 3 ¤D mod el .

1h e E - so l ver of M A F I A cal c ul ates th e 2 ¤D eigen val ue8 fo r th e wave- gui d e mod e8 at each por t .

Th ese com al poª m a taehed to a l oop co rm - pà æ ag to the H O M eou pk r to be used ( h m th e

ol d SPS cav i t i es ) and peneÂ Â" - i at o tbe cavi ty vd um e . S EE e th e fou r H O M cou p le r, h ave th e sam e

stm cM ö , onl y m e POEt i s cd eu lat ed and t be reSUIt cm be u sed for ot hem .

Next , t he ca l cu l at ion p roced ure m oves i n to th e ti me dom ai n by Bmt load i ng eoÐec t l y the w ave-

gu ide mod es d eu lated i n 2 ¤D to al l POEt s , i nc l ud i ng two coaxi al POEt s and two bem p ipe POEt s -

U en a l ong tu d in a l m e i ta i on by a bunc h wi th a C au sei m d i sm M Uon is d d ned , ² 1i ch exc i tes ei -

t her th e wak e fl el d al ong t he p ó i s i n th e cav i ty for t he longi tud i nal i mpedance cal c ul at i on o r m OE -

set wak e h ld for t ransvem i m ped ance cal cu l at i on ( vmt ical d m t d th is excUi ng bu nch ) . I n fac t ,

si nee t he Ø ± ty m É H O M poô i s not a sym nem e stn ad um , d i pol e mod es wi E also h exei ted even

i f the exc i tat ion bu nc h t ravel s on the ax i s .

I n ou r c al cu l at ion , the exc i ti ng beam ( l i ne beam ) used i e e ven by

I ( t ) = 4 - eý , ( 1 )
J 2 Ð Ò.

wh em q i s t he total chaª e of th e beam b tMEetE, 6 . th e rms bunch l ength m d C t he speed d l i d 1t . h

ou r case , 6 . = 4c m .

112e Fouri er tmm form of the above l ine curm t i s gi ven by

I ( Ø ) = qe- Ó ¸ . ( 2 )

h th time domai n eol ver ( T3 ) , MA R A caICEd- see and EÊ £± , the i nduced wake fK Ids i n the

bunch COOEd mate system s s a in a gh eg mage behi nd the exci tat ion bunch . u e longi tudinal i m-

pedance cm be oH a nd by a fast Foud e ï m form ¶ the calculated wake funct ion W( s )

Z ( Ø ) = Á ã w ( s ) J Sd s ( 3 )

b J O
'IEe impedance e ven by Eq . ( 3 ) , divi ded by the bunch spectm m I ( Ø ) g vm the normal im d

beam i mped ance .

h our calculat ion , 1Þ , 2Þ and 4Þ m wake a d ds length have been used . U e obeew ed

wak e a d ds depend on the Q d the resonance . By cOEZê azt ne and extrapolati ng the Ósui ts fmm dif -

fezent wake fleld lenp izs - the impedance of e- eh HOM em be esti mated ÷ × better aCCUBE Y¤ Due

to the eomputer BEe-m É li mitations - tlze mi ni mmm mmh size , which cm be d o-en in the calcula-

tion , i s onl y 0 .005 m ( in the zd ÓCHon , the Z and y di recti ons have to be bim er ) , m a Gatam an

bunch nm length Ò. = 0 .04m , ì ú total charge q = l C , W put ¶ the z-a3ti s . traveli ng m É the

speed of l ight .

h pd zzciple , the longr r the calcul ation t i me , the more accurate the i mpedance obtai ned . How-

ever , i t is i EEW esible to cal culate m inb i tely long wake , hen£e two MA m nzns wem made wi th

the second havi ng twi ee the calculat ion Hme ( £r ed cul at ion wake lene h ) d the tl mt m n . 1Tze Wo
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calculated HOM impedanee val ues were then used to obtmn the HOM i mped¤nee for the damped

m dÊ for m i nfmi tely long wake h ld using the method in Rd . [ l ] -

111e cal culated impedance ( peak val ues) for eveÇ HOM mode in both runs cm be accu rately

mm m md by using enough sampli ng pd nu . But in m§ case- a card zl sea mh pomt by point has to
be made , and m mem es Î m Rtt ing has to be done to get the peak val ues . Ä i s ie due to the l im t -

d rem luti oa d the impedance sped m m h the frequency domai n that has a range d O to 2 .6GHz in

our case .

3 Simulation Resul ts

As mentioned in the seet ion 2 . 1. to compare the HOM damping d eets befom and d er the in -

aanation d HOM couplers , the un-damped m des wem BM calculated m the fmquency domai n ,

which e ve- better resul ts than m the ti me domai n . Ò Ä calcu lation result shows that them am a lot

d HOMs ì ú " É hi gh impedance in the LHC capM m Ø vi ty below cut -d h quency . These must

be coupled outside for stable opemuon .
111e un-damped mono-- nd dipote mode- m UBe iJ 4C cap4um cavity u e dEPA- yed m Fig.2 .
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Fig .2 . Amplitude d the uE· daraped mode impedance in the LHC capture eavity
without HOM coupler- -

ì 1e PEWeedum described above was then used to fl nd the HOM i mpedm ce in the cavity ÷ ×
two HOM coupler, located a 900 to each otber on om side d the Ø vity , , uppoemg that there is M

much i ntIuence on the W Q d cavi ty by leaving out the other two HOM couplem . 'ITm Wo pai n d

HOM couplem have a syEmmetd e loeauon along p u is and it i s veÉ dim eu lt for the MAFIA ti me dO-

main simulation to PEWee" such a case whem them am also two coaxial ports m one plane . Com e-

× Bendy , we adopted m m al yt icaI method , based m the 2¤cooPIer case and the natural ly damped

case - to deri ve the HOM impedance tbr the case d the four HOM couplem . Figs . 3 and 4 di splay

clead y the stmngtlu d the HOM damping ® , É e eù ù of two and four HOM couplem , mgped i vel y .

m e si mulation m a esu that the i mpedance d m - t of the modes i s stmnd y damped to below 5
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FEe -3 . Ampli tude d tbe damped mode impedance in É e LHC eap² Ee cavity
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Fig .4 . Ampl i tude d the damped mode imped- nee in tbe u , c capu re cavity

KO. But the modes a 751, 946 , 11Þ azzd 1496 MHz have hid mr impedance values up to m ko
( al thoud Z they ç ª noned zele- - stm nd y damped by tbe introdueUoa of HOM couplers ) .

4 Conclusion

Due to the lack of m em d ent method for ealeul ú ng the HOM i mpedm ee in asymmetric 3¤D

Û À ñ :LHCý ¢ » ë EK¦ è Å ° ä î Ð ¿ 1091

wi th two HOM eoupteT¤ .

with foï HOM eouptem.
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structures in fmquemcy domain , the ume dommn sOl ver must be used to pmvi de the essenti al infor -

mation on HOM damping for the LHC capM m cavt ty wi th four HOM cou plet3 ¤ Ú 1e si mul ati on mSUIts
show ú " four HOM coupl ers stmngl y damp the i mpedance of d l oHOM modes bel ow the CEl t-08¤hF

quency compamd to the i mpedanee d the natuml ly damped mode Obtained fmm the hequency doma-

in sol ver . 111em ï ªE sti l l a few modes havi ng i mpedance up to 50 KO , at the l i mi t for beam
stabi l i tyMU to which special att enti on must k paid . We need now to wm for the actual measum -

ments on the cavi ty wiÉ d other anci l l ad es attached .
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