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ABSTRACT: We discus s the res ult s of our parmela s i mul at i ons of t he Wi l s on Labor at or y

Inject or . Thes e s i mul at i ons wer e done pr i or t o t he i ns t al l at i on of t he newSLACs ect i on. The mai n

obj ect i ve of our s i mul at i on was t o i dent i f y any pos s i bl e pr obl ems t hat woul d be encount er ed when

t he ol d CEAs ect i on i s r epl aced by t he new SLACy s ect i on.

To ver i f y t hat t he parmel a s i mul at i on cor r es ponded t o r eal i t y, we s i mul at ed t he ol d CEA

s ect i on whi ch has empi r i cal dat a t o whi ch our r es ul t s coul d be compar ed.

The e�ci ency of t he i nj ect or at SLACwas al s o us ed as t he bas i s of compar i s on wi t h our pr es ent

i nj ect or .

Apos s i bl e f ut ur e mode l bas ed on t he SLACi nj ect or mode l was al s o s i mul at ed.

As of 18 Aug 95, the injector with the new SLAC section has operated

successfully for low beam currents.

y Mor e commonl y known as t he Chi nes e s ect i on her e at Wi l s on Labor at or y.



I NTRODUCTION

parmel a (phas e and r adi al mot i on i n e l ect r on l i nacs ) i s a s i mul at i on pr ogr amme wr i t t en by L. Young1 of

Los Al amos . We have us ed t hi s pr ogr amme t o s i mul at e t he i nj ect or wi t h t he CEAs ect i on and compar ed i t s

r e s ul t s t o t hat of obs er vat i on. We t hen r epl aced t he l i nac s ect i on wi t h t he newSLACs ect i on and obs er ved

t he capt ur e e�ci ency. Af t er whi ch, we i ns er t ed a harmoni c buncher be f or e t he l i nac s ect i on t o s ee whet he

we can e�ect a bet t er capt ur e . For t he s ake of compar i s on, we have us ed t he SLAC i nj ect or as a yar ds t i ck

f or capt ur e e�ci ency.

Our parmel a s i mul at i on s t ar t s wi t h 1000 par t i c l e s emi t t ed f r omt he gun. Space char ge i s t aken i nt o

cons i der at i on. The s our ce par amet er s ar e obt ai ned f r omSLAC2 whi ch ar e s hown i n Tabl e 1.

Tabl e 1. Gun parameters used i n al l si mul ati ons

source type : gaus s i an no. of part icl es : 1000

t ot al current : 4. 6 A

�r = 0:4 cm rmax =0:6 cm

�z =1000� � 0:97 ns zma x=1600� � 1:56 ns

The choi ce of gun cur r ent 4:6 Ay comes f r omwhat i s obs er ved at t he gun BPM. See t he phot ogr aph i n

Fi gur e 1.

Not e : The bas e wi dt h of t he pul s e i s 2� zma x� 3 ns .

I NJECTORWITH THE CEASECTION

To s i mul at e t he pr es ent i nj ect or whi ch has a CEAl i nac s ect i on, we have us ed t he SLACce l l par amet er s

but have mi mi ced a CEAs ect i on by changi ng t he phas e of t he �r s t t we l ve ce l l s . We had t o do t hi s becaus e

of t he dear t h of i nf ormat i on wi t h r es pect t o t hi s s ect i on. Thes e �r s t t we l ve ce l l s ar e oper at ed at 45�C, whi l e

t he r es t of t he s ect i on oper at es at 30�C. Thi s cor r es ponds t o a 25� phas e change between t he �r s t t we l ve ce l l s

and t he r es t of t he s ect i on becaus e a 6�C t emper at ur e change pr oduces a 10� phas e change i n t hi s des i gn.3

Thes e twe l ve ce l l s wer e des i gned t o capt ur e l owener gy � 125 keV el ect r ons .

y 4. 6 A comes f r omt he f act t hat we have 8:6 � 101 0par t i c l e s at t he gun f or 3 ns . Thi s i mpl i e s a cur r ent of
4. 6 A.
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Figure 1 Th i s p h o t o g r a p h s h o ws t h e c h a r g e a s r e c o r d e d b y t h e l i n a c BPMs i n

e+ c o n d i t i o n s ( p h o t o g r a p h t a k e n o n 1 5 J u n e 9 4 ) . We s e e a b e a m l o s s o f 3 0 % f r o m

8 :6 � 1 010 p a r t i c l e s a t t h e g u n t o 6 � 1 010 p a r t i c l e s a t t h e e n d o f s e c t i o n 1 .

I NJ ECTOR WI TH A SLAC SECTI ON

Th e ma i n c o n c e r n o f t h e l a b o r a t o r y i s wh e t h e r t h e n e w SLAC s e c t i o n wo u l d b e a b l e

e n e r g y � 1 2 5 k e V b e a m. Th e d i � e r e n c e b e t we e n t h e SLAC s e c t i o n a n d CEA s e c t i o n i s

s e c t i o n d o e s n o t h a v e a n y b u n c h i n g c e l l s .

We a s s ume t h a t t h e p r e s e n t l i n a c s e c t i o n wi l l b e r e p l a c e d wi t h a SLAC s e c t i o n . T

a t v a r i o u s p o i n t s o f t h e i n j e c t o r a r e s h o wn i n Fi g u r e 3 . No t i c e t h a t t h e me a n e n e r g y

a t t h e g u n .
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Fi gur e 2 Th i s � g u r e s h o ws t h e d i � e r e n c e s i n a xi a l B- � e l d a s u s e d b y t h e o l d

i n j e c t o r wi t h t h e CEA s e c t i o n a n d t h e n e w SLAC s e c t i o n . No t i c e t h a t t h e � e l d

h i g h e r o v e r t h e n e w SLAC s e c t i o n a n d t h e d i p a r o u n d 3 5 0 c m. Th i s d i p c o me s f r o m

t h e g a p f o r t h e wa t e r p i p e s .

I NJ ECTOR AT SLAC

As a c o mp a r i s o n wi t h SLAC, we r a n a s i mu l a t i o n o f t h e SLAC i n j e c t o r . Th e ma i n e l e

i n j e c t o r a r e s h o wn i n Fi g u r e 4 . Th e ma i n d i � e r e n c e s b e t we e n o u r i n j e c t o r a n d t h e SL
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Particles alive at the end of selected locations

Fi gur e 3 Th e h i s t o g r a ms h o ws t h e l o s s e s a f t e r s e l e c t e d e l e me n t s f o r t h e o l d C

s e c t i o n a n d t h e n e w SLAC s e c t i o n . Th e g u n c u r r e n t i s s e t t o 4 :6 A. Th e r e s u l t s

t h e s i mu l a t i o n f o r t h e CEA s e c t i o n a g r e e s wi t h o b s e r v a t i o n .

( i) Th e h a r mo n i c b u n c h e r b e t we e n t h e s e c o n d p r e b u n c h e r a n d t h e � r s t a c c e l e r a t i n

( ii) Th e SLAC g un o p e r a t e s a t 1 0 A a n d 1 4 5 k e V a s c o mp a r e d t o 4 :6 A a n d 1 2 5 k e V h e r e .

Th e l o s s e s a t s e l e c t e d e l e me n t s a r e s h o wn i n Fi g u r e 6 . Fo r c o mp a r i s o n p u r p o s e s ,

a n d o p t i mi ze d f o r t h e c o n d i t i o n o f a 1 0 A b e a ma t 1 2 5 k e V wi t h o u r n e w i n j e c t o r wi t h t
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Fi gur e 4 Th i s � g u r e s h o ws t h e SLAC i n j e c t o r . Th e ma i n d i � e r e n c e b e t we e n o u r

i n j e c t o r a n d t h e a b o v e i s t h e h a r mo n i c b u n c h e r b e t we e n t h e s e c o n d p r e b u n c h e r a

t h e � r s t a c c e l e r a t i n g s e c t i o n . Op e r a t i o n a l l y , t h e SLAC g un r u n s a t 1 4 5 k e V.

OTHER PREDI CTI ONS WI TH CAVEATS

parmel a h a s ma d e t h e p r e d i c t i o n t h a t b y t u r n i n g o� t h e l e n s e s 0 B t o 0 E, t h e r e wi l l b

Th e h i s t o g r a m f o r t h e v a r i o u s c a p t u r e e �c i e n c i e s a s e a c h l e n s i s t u r n e d o � i s s h o

h o we v e r , i s c o n t r a r y t o e mp i r i c a l e v i d e n c e . Tu r n i n g o � l e n s 0 E c a u s e s s i g n i � c a n t

r e c o v e r a b l e b y s t e e r i n g o f t h e b e a m.
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Parmela Simulation with CESR and SLAC injectors
Particles alive at the end of selected locations

Fi gur e 5 Th e h i s t o g r a m s h o ws t h e l o s s e s a f t e r s e l e c t e d e l e me n t s f o r t h e n e

i n j e c t o r wi t h a SLAC s e c t i o n a n d t h e i n j e c t o r a t S LAC. Th e CESR i n j e c t o r wi t h

t h e SLAC s e c t i o n d o e s n o t c o n t a i n a h a r mo n i c b u n c h e r a n d o p e r a t e s a t a l o we r

g u n v o l t a g e o f 1 2 5 k e V. Th e SLAC g un i s o p e r a t e d a t 1 4 5 k e V. Fo r c o mp a r i s o n

p u r p o s e s , we a l s o d i d a s i mu l a t i o n a n d o p t i mi z a t i o n o f t h e n e w CESR i n j e c t o r

1 0 A, 1 2 5 k e V.

FUTURE I NJ ECTOR WI TH HARMONI C BUNCHER

A f u t u r e i mp r o v e me n t o f t h e CESR i n j e c t o r i s t h e i n s e r t i o n o f a h a r mo n i c b u n c h e r

p r e b u n c h e r a n d t h e � r s t s e c t i o n �a l a SLAC s o t h a t a h i g h e r c u r r e n t b e a m c a n b e e �c i e

t h e e n d o f t h e � r s t s e c t i o n . Fo r t h i s p a r t i c u l a r s i mu l a t i o n , we h a v e a s s ume d t h a t

t h i s f u t u r e i n j e c t o r wi l l b e t h e s a me a s SLAC. Fi g u r e f u t u r e . p s s h o ws t h e r e s u l t s o f

t o t h e SLAC i n j e c t o r . Ou r s i mu l a t i o n s h o ws t h a t we c a n , i n f a c t , d o b e t t e r t h a n SLA
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Parmela Simulation with different lens strengths
Particles alive at the end of selected locations

Fi gur e 7 Th e b e a m c u r r e n t i s @1 0 A. parmel a p r e d i c t s a mu c h b e t t e r c a p t u r e

a s t h e l e n s e s i n t h e s o l e n o i d a l � e l d a r e t u r n e d o � . Th i s s i mu l a t i o n wa s d o n e

t h e o l d i n j e c t o r wi t h t h e CEA s e c t i o n .

CONCLUS I ON

parmel a h a s p r o v e n i t s e l f t o b e a v e r y u s e f u l t o o l i n s i mu l a t i n g t h e CESR i n j e c t o r .

e v i d e n c e t h a t i t i s a c c u r a t e i n t h e l a r g e r c o n t e x t o f c a p t u r e e �c i e n c y . Ho we v e r , c e

o u t i n t h e t e x t s t i l l r e ma i n .
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Parmela Simulation with a possible future Injector
Particles alive at the end of selected locations

Fi gur e 9 A p o s s i b l e f u t u r e i mp r o v e me n t t o t h e CESR i n j e c t o r i s t h e i n s e r t i o n

a h a r mo n i c b u n c h e r �a l a SLAC. We h a v e a s s ume d t h a t we wi l l b e u s i n g a s i mi l a r

� e l d l i k e t h a t o f S LAC i n t h i s s i mu l a t i o n . Ou r s i mu l a t i o n s h o ws t h a t we c a n ,

f a c t , d o b e t t e r t h a n SLAC.

ACKNOWLEDGEMENTS

R. Cu t l e r f o r h u n t i n g d o wn t h e p a r a me t e r s o f t h e p r e s e n t CEA s e c t i o n a n d t h e SLA

V. Ka z a c h a f o r h e l p i n g me d o t h e s i mu l a t i o n s o n a wo r k s t a t i o n .

9



REFERENCES

[1 ] parmel a, L. Yo u n g , Lo s Al a mo s Na t i o n a l La b o r a t o r y , 1 9 9 4 .

[ 2 ] Pr i v a t e Co mmun i c a t i o n , R. Mi l l e r , S LAC, 1 9 9 4 .

[ 3 ] Va r i a n i n t e r - o �c e me mo , N. Pe r i n g t o F. We b e r a n d V. Va l e n c i a , 2 1 J u l y 1 9 6 5 .

10


