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L ongi tudinal Focusing Design of Space-Char ge Dominated BeamsÛ
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A M ä - ct h zÁ tudiEEEd focusing m of p Ø t importance m space- charge-dominated bunched be- ms such M heavy ion alSion . U e

bunch lengthen mpidly due to the sm Ö space-charge fOR es dur ing ú EUõ ô À¶ ¤ t Ee elØ ú Ez m e at UMvemi ty of MaÉ land

( UMD) is desiÁ ed Ø opemte with bm ches haviEEg metangular and paraboli c pmt il es - 11m e indue608 caviues along the ring wi l l

be employed fbr longiuzdinsl focusing . ln this paper - we Erst bd eny review É e longi tudiEU l dyM m e- of pm bolic and mctangular

bunehÊ . Ò 1e degign d the mdud on eavi " es wiú ú eir Md z mpeuum rate modulators is then PEe-ented . TTIe prel iminary te- t m -

SUIts of lower voltage an d mpe6 60n m e vm ion of w o dê erent moduIatom and the PSPICE sm d aUon m d ts show ² at moduI atom

woz4E Well .

1 Int roduct ion

× 1e longHtud i n al f ocusi ng of space- eh aE¬ e domi nated

beam is of gE?a t i n teEª, st i n E¬ c i Iæu l at or sy St enzs for app l i -

cat i on s i n h i d 1 ener EY phy si cs , heavy ion m ed iaI fusi on ,

spal l at ion neu tm n so uIæe an d m on . I m gi t1M i nal exp an -

Si on d ue to th e stm ng space- charge force w i l l m SUIt in

m p id ch ange i n the beam pm a l e . A n i n i t i al l y m ctangu l ar

p m m e of a d ri h i ng beam does not E· mai n EÐct anSu l ar ,

th us , so - cal l ed " eaE4 el d " mu st k ap p l i ed to th e ed ges

of t he beam to foc us th e expanded beam bac k Ø the m et -

angul ar shape . A l i near f om e shou l d al 80 b e appl ied to fo -

c us a par ab ol i c beam . Th ree i nd ueHon mod u l es M l l k

en1p loyed for l ongi tud i n al f ocusi ng i n ord er to mai n ta i n a

p m per beam p rot l le i n the U M D elec tm n d ng [1] - TTIe f o -

cusing vol tages f or beanm wi th Ee c tanapzl ar and pam bol i c

p m in es are e ven i n secti on 2 . × Ee desi p of th e i ndu c -

t i on cavi ty an d i t s pu l se mod u lator, , as wel l m the test

mSUIt am pmserued in thi s paper - Mom detai ls on the de-

velOPEnent of hid 1 voltage , 5 MHz-mpetition-mte moduh .

tor wi I l be descd bed elsewhere l ater .
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L ong1tudinal expansion of bunched beams

wi th rectangular and par aboli c li ne charge

deEmity di st r ibut ions

2

÷ 1e pazt id es in the leading edge of bunched beam

wtl l k accelerated , and pan icles in the trai li ng edge Ø l l

be decelemted due to the space-charge fozw . 111e l ine

charge densi ty and the veloci ty di st ri buti ons al ong the

bunches wi ll change ì ú dr ih ing distance S .

For m ini ti al mctanspzlar beam wiÉ a uni form veloc -

i ty , the l i ne charge density and vel oci ty in the beam h ame

cm be obtai ned fm m the sol ution of one-di mension cold-

f111id eER ations[24 i n the si mple wave mg on Ø
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Here , Ë i s the li ne ehaª e density , U the veloci ty in the

beam frame , Å£ the perndÇivi ty of f ree space , e/ FFE the

mtio of chaEÂe to mass of the pazt i ck s , Y the Ia EÃnz fac-

tor , g a geometEÃ factor in the OM er of uni ty . I i the ini -

t ial beam cum -nL Uo the beam veloci ty , Óo the pul se

wi dth of beam , and C. the rarefaCHon wave vel ocity .

ACCOEd ing to Eq . ( 1) , a 1OkeV , 0 . 1A , 50 ns rect -

angul ar beam in the IJMD d ng m l l mach the " cusp" point

after about thme u m s[4] . In OMer to maintai n a good

beam pmEle dud ng transpon ati on , m extem ai force must
be appl ied to the beam befom the " cu8p" point .

For a pambol ic bunch , the li ne charge densi ty and

veloci ty di std buti ons cm be expressed Ø fol l owsu l if

zÔ - Zü E A :
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where

Å , z. ¤Ú Û ,a-
-

HeIü , zi is the i nit i al bunch lengt h , E t the beam eneEÃy ,

C the cimuEnterm ce d the UMD ring, NS the number d
the induction gaps along the ring, and Io = 1.7 Á 104 A

the characteristic CUE-mnt for electrons .

3 DesiÁ of IonsHtEBa nal focusing in the m m

n ng

3 . 1 Voltages for longitudinal focusing in th e UM D

r i EØ

Because the equations of mot ion are ti me

EW er, ible æ , we coul d m tom the beam pmfl l e by ti l t i ng

the beam vel m iw distrtM Uon in the beam frame pmperiy

i n a veÇ short t i me . 1TUs cm be mau n d by applyi ng a

voltage pul se fmm a smai l i nduct ion gap , durtng whi ch

the transi t ion ti me d the parud es eould be ned igi ble .

Fmm Eq . ( 2 ) , we cm ded ve the voltage fOr m tor -

i ng the mctangu lar bunch Ä
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h the t j M D ri ng design , thme i nducti on modul es wi l l be

employed for longi tudi nal focusing for good beam pma les -

h thi s case , the expansion di stance S i s 1 .92m . For m

init ial EüCtangul ar beam of 1OkeV , 0 . 1A , 5Ons , the vol t -

age wavefomz for mstod ng the beam after the expansion

distance S i s plotted in Fig . 1 .
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Rg . 1. " Eap seld" ibr focusing rectangular bunch.

'IE i s is the so--cd l ed " ear -fl eld " . Ç ze pazt id es An

the leading edee m l l be decelerated by the negative
" ear " , whil e the pan icl es in the tmi l ing edee M H be m -

eelemted by the poei ti ve " eaJ . 111e beam pma le ÷ l l k

mstomd d er anodEa di stance of S . ´ 1i s PEWeeØ mpea s

peE¤iodi call y , 80 É a the longi tudi nal beam envelope wi ll

oeci l l ate al ong the r ing . For a matched space-chaEÅe dom-

i nated beam bunch m th a pm12bol t pma le , we get the

vol tage for restod ng the beam pma le fmm the equation of
the longi tudinal beam envelope[6] ,

2 cgL C mcz
V ( t ) - - - L ( 6 )- I o N s f ( z J Z i ) 3 q

To focus the pambotic bunch , the voltage waveform is

shown in Fig . 2 . Due to the shon IYEVolution t ime of the

UMD ri ng , the mpet iHon rate fo both vol tage pul ses

( 3µ

(4)

Fig .2 . Voltage for focusing paraboli c bunch .
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should be 5 . 08MHz . Ò 1is is veÇ toud z for the pul se

swi tch technology , especi al ly for the fast ri se/ fal l t i me

" ear-Seld"

3.2 Longitudinal matching

Im gi t1Mi nal matchi ng is al so impOEt ant in loagi tudi -

nal foesing . h order to match the beam between the i n-

j ection and the ring , the di stance between the electmn

gun and the f113t focusi ng cavi ä should be 1 . 92m .

4 Desim and development of compact induc-

tion module

TEe pd nciple of induct ion cavi ti es has been de-

scd bed in many placesl7.sj . HeE¢e we j ust describe some

specid mquirements on the induction cavi ty desip z for the

UMD ring .

4 . 1 Sped al r eq td n m ents on É e cavi ty dÊ « n

4 . 1 . l m d 1 fmquency msponge

Due to til e hi gh mp m e and the fast r i se/ fd l ti me of

the ear fk ld , most maen et ic mated al s cannot h used . A

special Ni ckel -Zinc fen t te tomid of materi al CMD5005 ,

which cm m n in a fmquency range up to mom than

l oo pd Hz wi th l ow coä l oss and hid 1 permeabi l i ty , has
been choeen for the cavi ty desip L 'IEe init ial permeabi l i ty

of the fent te is 1600 and the maxi mum nux density is
3200 Gauss . The dimensions d the fer ri te torEBi ds aÓ 6 "

out -di ameter , 2 . 1" i nner-di m eter and 1 . 3" thi ckness -

4 . 1 .2 High vacuum and bab b le

Ç Ee ring must k capabl e d vacuum pm sum Ø low
ç 10 - IO Torr and must be bakable . To meet these

re× ,iÓ men¥ , a gl ass- metal seal ha8 been desip md for the

induction gap , so the cavity i s outside the vacuum . Ò 1is

not only avoid8 the poÙ ö le problems which could occur if

A SECTIONHousing

~

Fig .3 . Mechanical dmiF d the compact cavity .

the feITi te be put in vacuum , but al so makes the special

mechanical desiFE poesible whi ch makes a cavi ty bakable

by spl i tt ing the feÐi te tomid and its housi ng ( 8ee Fi g . 3 ) .

× Ee C- type tOEWids cm be taken out befom the syMem is

baked -

4 . 1 . 3 131e t ransverse focusi ng due to the gap vol tages

m e inducti on gsp vol tage plays a ml e in transveme

h cusi ngM] . Ò1e focusing lengt h depends on the gap

vol tageL9¹ . In the cm d the " ear- fl eld " , the focus lengt h

vad es fmm inb i te to m m wi th the " eM " fmm OV to

v mk ¤ TTEe mi ni m zm focus lengt h is about 15Þ m[10] for

parabol ic bunch . So the eSects on transverse focusing in

both cases aÓ negl igible .

4 . 2 M od ulator ded g E fm- d r k i ng the Ø vi ty

A eimui t that generates the " ear -ael d " has been de-

siPEed for the mctangu l ar bunch . A tri angular pul ses have

been genemted to focus the pambol ic bunch . PSPICE

simulations and tests of the circui ts have been cant ed out .
Fig .4 is the obtai ned " ear -fl eld " waveform . Ç Ee mSUIts

show that the ciEæ12i ts work well . Mom detai ls about de-

velopments of the hi d 1 vol tage , 5 MHz- mp rate modula-

tom wil l be described elsewheÓ .

FEe -4 . 11he experimental waveform of dze 5MHz
m p m te " eaF Eel d " pu l ses .

Vezt : 1 . 5kV / div z Hori z l Ons/ div .

5 Conclusions

The li ne charge density m d veloci ty di st ri but ions of

both rectangular and parabol ic bunches after expansi on

have been e ven . The vol tages for focusing the mctangul ar

and parabol ic bunches have al so been ded ved individual -

ly . A compact , special desiÁEed bd table inducti on modu-

ie for longi tudi nal focusing has been developed .
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