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1 Introduction

TTEe main upF adi ng goal s d the i nj ector l i m e for

Beij ing Elect ron Poei tron Col l ider ( BEPC E - IAnae ) ± @

the incm se d the beam em EW fmm 1 . 3 GeV to 1 . 89

GeV , tbe upÁ ade of the poei tm beam current from - 4

EZLç t0 40 EM ( thus the poei tmn inj ecti on mte to th stor -

age d ng 2 5O mAM ) and the i mprovement of the operation

ml iabi l iä and stabi l i ty . To meet these goal s , we have to

EM the new beam opti " ' to estabush É e opti cs tuning

and oEt Ei t em met ion ® stem to pam al l y cum the beam

blow-up due to chm mati c/ di spersive and wake aeld d ects

caused by the hi d 1current and machine erm115, and hence

to em um the mqu imd beam tmnsmi ssion , the emittanee
and enerw spmad . 'IEe concrete requi mments d theð

ssudie- are as foll ows : 1) opti m a the e Õ beam 0136 es by

addi ng the quads ÷ × large apa t um ( " d dded" £n the ä -

celerati ng tubes ) to the exi sting u iPIet quad, , to stEWEEd y
focus the Md 1 CUE-mnt e . beam wi th laEF emi ttm ce and

hence to avoid the beam l £" ; 2 ) mi ni mize the pri mary
i bem spot size on the e . producti on target for havi ng a

Md z poeiuwn yield by opti m a ag the pd mm e - beam µ -

ties ; 3 ) establish m orbi t com eti on system and pazt i all y
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cum the normal ized emi ttance e mÅ h and beam inst abi l i ty

caused by the initi al hi6 1 CUETent beam d m t and machi ne

misd ie mr nt .

2 Stu d i es o n o p 6 En i d n g th e b eam o p 6 6 an d

i t s co r EÉ eU on

2 . 1 F a ô " ' d U È eÉ À Ö 'a ´ Á

El ect m n beam leaves the b tInc h i ng sec t ion ì th sol e -

noid f oeusi ng system , th en en tem i nto t he m ai n MEme q ua -

dm po le focu si ng syst em É a consi st s d 15 tr i p l et q uad s -

1TEe- e quad m pol ee am di vi ded i nto tm p u pe ac eo Ed i ne

to the i r param eters [ 1] , azzd aÓ non - UEEi fom 1ly d i etzt bu ted

d ong th e l inae , si nce one needs a l ong d ri f t sect i on f or

the i nst al l at ion of e Õ pm du et i on t ar get , an d then f ol l owed

by fou r t d p let s wi th a shod td PIet spac i ng to d er a stm ng

focusi ng for th e S mt 2Þ M eV i beam i n th e ori a-nai

B EPG I Anac des i8 2¤ " Eerd oÓ , th e avai l ab le t ran svem

foc using lat t i ce i n th e l i nac i s not a ser iou s per iod i c Mm e-

tu m . A nother fac tor ac t i n g on t he l at t i ce i s the stm ng en -

erg - d ependence on quad ' s f oc usi ng str en gt h k i n th e

1 3 Bel ectm l i m e , k = 1Á ò , m É EW T ¤m ) = 33 3 . 564 p
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( Gev h ) , simoe the beam eneEW incmases rapidl y along 1 and 2 show the model ing result s d elect Im beam op6es
the li m e . Ó m g the machi ne opem £" , m y change d by usiÖ TRA NSPORT--code for the M PI¢ ' potaritY E -

each kl yst ron Ø tput m dh e the ehange OE the stand- b7 mngem nts d DFD¤¤DED m d DF¤D- m F , m specti vely -

k lystmn poei ti m s must cause the changes d the down - 131e di st lt buti ons d the mag zet ic p , d ents of the tr iplets

stm m beam opucs . 111eM ore , Ø keep the ow mum along the li m e am al moet the same for these w o

beam opt iØ M electmn l im e , we have to wel l eontrol tile l atticesUJ .

m er an d  m insÄ Ä ty ¤ e?ch k lym n , and Ø 2 . 3 0 p¤ of F im w d eem bm for ¤ M m

quickl y adj ust the downstmam quad s stmngth when above
pm ducd m

change@happen .
I n the BEPC E -I Anac , a 240 MeV , - 6A pri mary

E Beea Ê m b eam op6 cs
elec" £n beam is bmz² arded m the posiÇ£n pmducti on

Based on the exi sting l atu ee features , however , our taEÅet - 111eEü am two td piets between the pm -i nj ector exit

studies wiú 'IR AN SPORT-code[2] have shown É a one ( end of the soiend d focusing ) and the taû et . 'ITIe beam

cm optimize the opt ics by Btti ng the beam envelope at model ing msui ts show that one cm cOEBa ne the beam spot

each td plet , ² 8c ribed m º ILmÊ : sim s ( ñ and ´ ) and the beam wai sts ( É = Áy = 0 ) at

a) Each td PIet has two independent vam ble mag mt¤ the taEEet by fl tt i ng ² e 4 val uable e ad ents d these two

ic F M i ents an d em be used Ø at two beam envelopes tr iplets .
( È , ey ) a the cloeegt dom Ø¥, am t rip ta , si nce the max- 0.75 t - a ýËU ? ® l

i munz envelopes USEEd ly µ pear a the tri plets - One em 0.60 i » ¬ ¬ { ¾ |
¾ ´ ( z ) = Ö ( z ) to form © le cm ò t ions d th B ½ l ®al l a » |

beam d oÖ the l im e ; 3 fOä l t ; Ü É |

b ) Due M the deem se d nom orm l im d em tu nee o.15 l É Ü f

m É eneEBy incmasi ng . the tl tted Ò, and Òy cm deemase hM t s - ¤ ¡ a . . . . . . . . . . . . . .1
þ ¤¤0 5 10 15 30

U ª " m

Fig . 1. Ò, and Òy along the lime ( Dm -Dm ) .

Fig.2. ea and ey dong th lime (DFBJ DF) .

b imaÇ d eem n beam, 8
FEe -3 .

Ò, and Òy a10Ö the secuon ( W I L DFD) .

Fig .4 . b tmazÃ eleekm beam' s

Òz azzd Òy along the secuon ( DFD-E13F) .

Fip . 3 and 4 show the envelope di sM butions of the

pri mary el ectmn beam in thi s mg on for the td plet l att i ces

of DFD- DFD and DFD - FD F , respecti vely , and thei r dig-

tribuUons d the mae Iet ic g adienu d the td PIets am a1¤

moet the same tooM] . Given the pd mary electmn beam

enew , beam CLEm nt and the poeitm pmduction tazF t
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8tRECtum , the poeitmn yield i s al moa inVer- ely propop

tional to the spot sin of the electron beam at the target .

Ò 2e etud e- on the pri mary electmn beam spot size i ssue

am cant ed out on the eb a i ng BEPC¤IAnac ( 140 MeV a

tazÂet ) and the mi ni mizaHon d the spot aim for the BEPC

E csse ( 240 MeV ± tazF t ) is modeled and ¢ di ed

too[4] .

2.4 Positron beam opUÊ

Ò1e poei tron beam energy at the n i t d the m ifom

solenoid ( 0 . 5 T , 7 . O m long ) is ab£ut 80 MeV- 1Þ

MeV . H one only uses the avai lable tr iplets to focus the

bem z transvemel y then É e poeitron beam envelopes E e

lazzer than tube bom rad ius h r tbe aM 54m MeV M] , due

Ø its veÉ lazF emittance and tram vem momentum ( Á -

en by EGM + PA MELA codes ) a the solenoid exi t -
U us , m addi tiond series of big bom quad¤ " Et dded " Ø

the accelemti ne stn ad um in th is enmz y mg on i s ceEt ain-

ly needed to deemase the beam envelopes . A poe- ible E -

rangement of the big quad s on a 3¤meter long accelerati ng

tube is shown in Fig . 5 . m ere are m i nput-and m out -

put-couplem in bot h ends d a tube , two m pp£" - pl a es

are at about 1m far h m ea h end , and two cool i ng water

pipe- eommetom ( in- let and out - let ) m the mi ddle , hence

four qud s ( Ì . 7 cm long each ) caa be install ed m each

tube .

Fig-5 . Side-view d aceelemtine tube and

location, fof b4g bere qu-ds .

111ere m total ly exi sHng 24 pieces d m eh × Eads

avai lable , but should be opti mum marranged . On each d

the f i M 5 accelerating tubes ( A8 - A 12 ) we m H ingu l l 4

quads, whi le the rest 4 quad. m u be instal l ed ¶ the

tubes of A 13 and A 14 to ma ch the poei tron beam into the

dmm a ream foem i ng system tha consists d onl y td plets ,

" d om in Fig . 6 . With thi s h m - ins la ti ee then the

poei tmn beam envelopes am leè than the bore radius of

the accelerati ng tube due to the a m ne focusing oEeE, d by

the l azÃer aperture quads[3j .

175:' ý Ä Å ¯ Ð ¿

d the tztplets am marmnged to beE m pOEan u e, « m e m p m s am re--n ï -geu tu Éz

D FD - FD F Eor boÉ elect ron aazd poei tm z beam . W h en the

l i m e £p em t i m mode i s swi t c hed fm m poei tm n to elect m n -

Om j u st " d tehee ot r al l b i g q uads an d resets the t r i p let , s

p , d i emts , k eep i ng th e i r pol ar i t i es constant for the ease i n

opem u on , " shown i n Fi g . 6 .

A7 AS A9 A IO A 11
£ " Q¢ EJZ QUA U QBM -M

E = ÷ 1 ' 3 ' ¿ ' ÷ 3 p m ç ° p m ª 3 33 ' ¿ '

DF DF DFD FD R 3 FDF DF DF DFD FD FD FDF

A 12 A 13 A M A 15
r ¢.. . . . .

A I I
BJ÷ , Qt&lTJ-
m ç 3 p m
DFD FD FD FDF

A12 A13 A14 A15
Qwmm Qan a-

Z 3 P Ee ¤ ÷ 1 $3 ì 3 23 ª , c = = 

3F DF DFD F D F D FDFDF DF DFD F D F D FDF

è , t E==
Ò, ..e Bt. Qu¤- Êphe sd m04d

E== =
Aa d.Ò' Ð3m}

Fi g . 6 . Foeusine lattice for the poeiÜ£n bemn .

2 . 5 Op6 6 Ø n ª Cð£ n

A n oa - li ne optics coÚ, ction loop has been PEel imi -

mad l y deaie md acc¹ ² ne to the la ti ces e ven aboveUJ .

Ò 2e output d power fmm each kl ystmn ( e ven by the

measured vol tage d each modul ator and the pmpared

CUR m of k lystm n mztput w . modul ator vol tage ) is Om d

the input dau for the com etion loop to M ane the beam

em rgy at each quad . m e au d g M i ent val ues d each
quad and their cormµ oading power supply , s cum nts m u

k one d the Ø tput da a of the loop to eoatmlj reset the

quad - s power supply .

2 . 6 Emi t tamee m easun nBen t

To know the red beam emi ttances for maki ng a wel l

matching of the beam fmm the pm- inj ector to the mmn

l inac and from the l i mac exi t to the t ranspon l ine , the

enzinanee meaSUE- meat devi ces have been in--d led at the

pÓ ¤inj m tor exi t and i mpmved at l i m e n it in the summer

2Þ 1 . 1TEese devi ces am opti mimd tbr havi ng the precise

and repmduci b le measurement resul tsfsa.

3 Orbit cor rection

3 . 1 Cor m cð £n scheme

h the BEPC H - Lim e upv ade , a beam oEt Bi t Þ rmc -

ti on loop m u be esu bl ist1ed to pan i d l y cum the ini tial
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beam £û et egects and the machi ne al ip ERBent er ror eg ects
on the beam emittance p wì h and oÉ i t deviati on . An " 1¤

t0¤1" £É i t COETect ion scheme is adopted . A str ipe- li ne

BPM is located in the upstmam ø p d each td PIa - aZBd a
ò d com etors ( both for Z and y di met ions ) is " d ddd "

¶ the upetmam accel emting stm etum , " shown m Fig .

7 . The pm © " es d a BPM and a padr d e£m etm ( for

z and y ) have been made ÷ × good meam md
EüSUIte[6.7j .

AM@@±Íeda-øÉ iõ= ü » §
ï E ·£ .. ¤¤ - --  - -® ¤± « ¦  · » -  ¤× Ð - û -

Fig .7 . l¢ ¢ations of CORF4?tor- and BPMs.

3 . 2 M £" ISÖ £r d ecu wn bù m or btt c£r z÷ Ñ"

In the model i ng . the init ial bea m oEset , quads oEset

and aecelemti ng st ructure OR-et have been taken i nto ac -

count m th U A R¤Þ deLS] . Ò 1e mu i mum elecØ£n bunch

charge is 2 .33 nC M É i ts asm med energy spmad of 2 .5

MeV a the Pm- inj ector exi t ( 30 MeV ) . Above errors in-

duced chmmatt / d ispemive eEects in the quads , the

short - range and long- range wake efFeet in the struetuÓ

have been calcul ated separately EIØ [3J , and then com-

bined , ÷ × and wi thout oÉ i t coaTeeti on . To have a mi ni -

mum energy 8pread at the l i m e exit . the opti mi zed accel -

erati ng phase d -3 .50 is eh0¤en to eozµ em ate the single-

bunch beam loadi ng egect [3] . Fig . 8 shows the orbi t

correct ion d eet on pad ial ly cm-in- the beam emi ttm ce
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