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ABSTRACT

The i n j e c t i o n l i n e s for the p ro ton and heavy ion beam
i n j e c t i o n i n t o t h e B o o s t e r and a beam t r a n s f e r l i n e
f r o m t h e B o o s t e r t o t h e A l t e r n a t i n g G r a d i e n t
Synchrotron (AGS) are described here. The proton
inject ion l ine is from the 200 MeV linac and the
heavy ion injection line is from the present beam
transport line o£-the Tandem Van de Graaff. The beam
transfer line is for transporting the accelerated
beam from the Booster to the AGS. Also included in
the discussion is a method of extraction from the
Booster and injection into the AGS.

INTRODUCTION

The AGS B o o s t e r w i l l be a m u l t i - p u r p o s e machine' ' .
This w i l l be a Booster synchrotron to the AGS for the
u n p o l a r i z e d p r o t o n s and heavy i o n s and w i l l be an
accumulator and i n j e c t o r for t he p o l a r i z e d p r o t o n s .
Th i s w i l l a c c e l e r a t e p r o t o n s a t 7.5 Hz from 200 MeV
to 1.5 GeV, and heavy ions from the BNL Tandem Van de
Graaff energy t o an energy high enough to completely
s t r i p t h e e l e c t r o n s b e f o r e i n j e c t i n g them ( h e a v y
i o n s ) i n t o t he AGS. As shown in the f igure 1, there

a r e two i n j e c t i o n l i n e s (one for H and another Cor
heavy i ons ) and one beam t r a n s f e r l i n e from t h e
B o o s t e r t o t h e AGS. In t h i s p a p e r we g i v e a
d e s c r i p t i o n of t h e s e beam l i n e s and d i s c u s s t h e i r
o u t i c s .

THE PROTON INJECTION LINE

The H" charge exchange inject ion method wi l l be used
to in jec t protons in the Booster. The s t r i p p e d f o i l
i s l o c a t e d down s t ream of an spec ia l Booster dipole
magnet. As shown in figure 2, a par t of the ups t ream
r e t u r n y o k e of t h i s m a g n e t i s d i s p l a c e d t o
accommodate the passage of the Incoming H~ ion beam
through i t . The new beam l ine s t a r t s a f t e r the f i f th
quadrupole in the p resen t beam t r a n s p o r t l i n e which
goes from the l inac to the AGS. A 7.5° kicker magnet
w i l l be i n s t a l l e d i n t h e p r e s e n t l i n e t o d e f l e c t t h e
H~ beam t o w a r d s t h e new i n j e c t i o n l i n n . T h i s would
t h u s p r e s e r v e , f o r t h e t ime b e i n g , t h e p r e s e n t d i r e c t
i n j e c t i o n s y s t e m t o t h e AGS. T h e r e w i l l be n i n e
d i p o l e s i n t h e new beam l i n e ( e i g h t 60cm l o n g g i v i n g
a d e f l e c t i o n o f 1*4.1)° e a c h and one i)5cm l o n g g i v i n g a
d e f l e c t i o n of 1 0 . 6 ° ) t o p r o v i d e t h e n e c e s s a r y b e n d i n g
t o g e t t o t h e i n j e c t i o n p o i n t . The beam w i l l g e t
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Figure 1 - The Locati-a^ of the Beam Transfer Lines
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another bending of 7° inside the s p e c i a l Booster
dipole which separates the circulating proton beam
from the injected H~ ion beam. Because of a la rge
inject ion angle (76°), the injected H~ ions will feel
a s i g n i f i c a n t h o r i z o n t a l f o c u s i n g ( v e r t i c a l
defocusing) effect at the entrance of th is magnet.
There a re f ive h o r i z o n t a l l y focusing and f ive
v e r t i c a l l y focusing quadrupoles in this line. They
are 30 cm long and have an aperture of ^ " . The beam
opt ics to shape the phase space ell ipse parameters at
the stripper foil and to keep the beta functions and
the dispersion function reasonable in the transport
line is accomplished by using these ten quadrupoles
of the new l ine and five quadrupoles of the present
beam line. The five quadrupoles are those which are
located between the tank 9 of the linac and the 7.5°
!<icker. The Injection conditions will be experiment-
a l ly determined-to achieve the highest intensity of
the accelerated beam. The optimization of these con-
d i t i o n s include a' pos s ib i l i t y of mis-matching the
phase space ell ipse orientation, however, the d i sper -
s ion func t ion and i t s der iva t ive should remain
matched. The la t t ice functions and the posi t ion of
various components is shown in Fig 3. For the compu-
tational purpose, the s t r ipper fo i l is located at 2
inches from the central orbit , however, the position
of i t will be emperically determined to optimize the
injection and the operation of the Booster.

YOKE
COIL

F i g u r e 2 - The S p e c i a l Magnet f o r H I n j e c t i o n

HEAVY ION INJECTION LINK

The h e a v y i o n beam i s p r e s e n t l y t r a n s p o r t e d from t h e
BNL Tandem Van de Graa f f t o t h e ACS fo r d i r e c t i n j e c -
t i o n . S i n c e t h e A OS can o n l y a c c e l e r a t e f u l l y s t r i p -
ped i o n s , i t i s n e c e s s a r y t o p r e - e . c c e l e r a t o t h e i o n s
h e a v i e r t h a n s u l f u r t o a n e n e r g y w h i c h i s h i g h
e n o u g h t o s t r i p t h e m ( h e a v y i o n s ) f u l l y when t h e y
p a s s t h r o u g h a f o i l . The B o o s t e r w i l l a c c e l e r a t e t h e
heavy i o n s t o t h i s e n e r g y . The new t r a n s p o r t l i n e
w i l l be a n e x t e n s i o n o f t h e p r e s e n t h e a v y ion l i n e
and i t w i l l s t a r t a t t h e o l d s o u t h w e s t e x p e r i m e n t a l
a r e a w h e r e t h e p r e s e n t t r a n s f e r l i n e h a s t h e f i n a l
b e n d t o w a r d s t h e AGS. I t w i l l go t h r o u g h t h e o l d
s o u t h w e s t e x t r a c t i o n c h a n n e l , t h e AGS t u n n e l , t h e
o l d 50 MeV l i n a c c o n j u n c t i o n a r e a , t h e o l d i n j e c t i o n
t u n n e l a n d t h e l i n a c t u n n e l w h e r e i t w i l l t a k e an
a l m o s t a b o u t t u r n t o i n j e c t t h e h e a v y i o n s f i n a l l y
i n t o t h e B o o s t e r . The p a t h , s o c h o s e n , d o e s n o t
r e q u i r e any c i v i l c o n s t r u c t i o n . The t r a n s p o r t l i n e
r e q u i r e s 14 h o r i z o n t a l b e n d s . I t a l s o r e q u i r e s some
v e r t i c a l b e n d s b e c a u s e of t h e d i f f e r e n t e l e v a t i o n o f
t h e beam a t v a r i o u s p l a c e s . The beam w i l l be .it an
e l e v a t i o n o f 7 6 . 1 8 f e e t a b o v e t h e s e a l e v e l i n o i d •->
t h e AGS t u n n e l a n d r e m a i n s a t t h a t t h r o u g h t h e l i n a c
t u n n e l . I t w i l l t h e n be p i t c h e d down t o thr> B o o s t e r
e l e v a t i o n o f 7 5 f e e t ab->ve t h o s e a ]nvn]. Th"
p i t c h i n g w i l l be a c c o m p l i s h e d by t i l t i n g t h e la :<t two
m a g n e t s o f t h i s beam l i n e ; t h e s e m a g n e t s t o j . v U v . T
g i v e a 160° h o r i z o n t a l bend . In t h e AGS t u n n e l , t h e
l i n e w i l l b e l o c a t e d a f o o t i n s i d e t h e o u t e r AGS
w a l l .

The beam l i n e d e s i g n i s c o n c e p t u a l l y d o n e i n t h r e e
s e c t i o n s . The m i d d l e s e c t i o n , w h i c h i s i n s i d e t h e
AGS t u n n e l , c o n s i s t s of f o u r FODO c e l l s , e a c h of 90°
phase a d v a n c e . I t e n s u r e s a u n i t t r a n s p o r t m a t r i x
f o r t h i s s e c t i o n and t h e r e f o r e , by d e f i n i t i o n , t r a n s -
p o r t s the beam to the next s e c t i o n with t he i d e n t i c a l
beam p r o p e r t i e s . The o p t i c a l e lements of the f i r s t
s e c t i o n c o n s i s t s of an upst ream quadrupole d o u b l e t in
t h e p r e s e n t beam l i n e . The new l i n e w i l l have two
d i p o l e s and ten quadrupoles ( f i v e h o r i z o n t a l l y f o c u s -
ing and f i v e v e r t i c a l l y f o c u s i n g ) in the f i r s t s e c -
t i o n . The o p t i c s of i t i s such t h a t t h e bo th v e r t i -
c a l and h o r i z o n t a l p h a s e s p a c e e l l i p s e pa rame te r s



Figure 2 - The Special Magnet for H*~ Injection

the present beam l i n e . The new l ine wil l have two
dipoles and ten quadrupoles (five horizontally focus-
ing and five v e r t i c a l l y focusing) in the f i r s t sec-
tion. The optics of i t is such that the both v e r t i -
cal and hor izonta l phase space e l l i p s e parameters
matches t o t h e l a t t i c e p a r a m e t e r s of t h e m i d d l e s e c -
t i o n . A sma l l mismatch can be t o l e r a t e d in t h i s s e c -
t i o n i f t h e n e c e s s i t y a r i s e s . The l a s t s e c t i o n
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Figure 3 - The Lattice Functions and tne Location of Various Components in the Proton Injection Line



consists of one dipole inside the AGS tunnel and two
sector magnets and two pairs of trim dipoles in the
linac tunnel. There are ten quadrupoles in this sec-
tion to shape the horizontal and vertical phase
ellipses and the dispersion functions of the injected
beam. The beam will be stacked multi-turn in the
Booster horizontal betatron space.

BEAM TRANSFER LINE FROM THE BOOSTER TO THE AGS

Two straight sections are used for extracting the
accelerated beam from the Booster. The bunched beam
is kicked at the first straight section and ejected
by the septum at the second straight section. The
ejected beam is then focused by a quadrupole doublet
onto a stripper foil made of 70 mg/cm2 Cu target.
For heavy ions, heavier than Sulfur, this foil pro-
duces the fully shipped ions as required for the AGS
injection. The fully stripped beam is then deflected
31.7° by a number of dipoles towards the old 50 MeV
linac injection line. A set of 5 FODO cells then
transport the beam along the old 50 MeV linac line
into the main field of the AGS magnet. A kicker at
the 10 feet straight section in the AGS, before the
AGS magnet, is used to kick the injected beam onto
the AGS closed orbit. The AGS closed orbit is dis-
torted by an orbit bump at the time of injection.
The beam is injected into the main field of the AGS
magnet L20, where the beam optics is matched to the
AGS betatron functions. This requires one quadrupole
in the beam line at a location equivalent to that of
the AGS LI 7 straight section in the transfer line.
This, in turn demands the beam separation at L17
straight section to be 35 cm or more. This require-
ment gives a relationship between x and x', where x
is the orbit bump required for the circulating beam
at the center of straight section L20 and x' is the
angle between the injected beam with the closed orbit
at the the mid-point to the straight section L20.
Table 1 lists the distance between the transfer line
and the AGS beam line at L17 straight section with
various conditions of x and x1 for the injected beam.
We find that x=25.1l mm would require x' to be 12 mrad.
The kicker requirement at the center of the straight
section would be 14 mrad. At x=38.1 mm, x' = 10 mrad,
the kicker requirement becomes 12 mrad. The kicker

TRANSFER LINE FROM BOOSTER TO AGS
STUIPPEH CSTA*=am

Figure 4 - The Optics for Beam Transfer Line

from the Booster to the AGS



•We find that x=25.4 mm would require x1 to be 12 mrad.
The kicker requirement at the center of the s t ra ight
section would be 14 mrad. At x=38.1 mm, x' = 10 mrad,
the kicker requirement becomes 12 mrad, The kicker
i s used to kick the injected beam onto the bumped AGS
closed orbit. To achieve a 25mm orbit bump, we need
3 backleg windings at the 4? of the AGS main dipole
f ie ld , which is small at the inject ion where the
magnet rigidity is 11 Tesla-meter or less.

Table 1
Parameters at the midpoint of the straight section,

x1 9
x

10 11 \2 13

25.4 316. 327. 339. 351. 363. 374.
38.1 338. 349. 361. 373. 384. 396.
50.8 359. 371. 383. 395. 406. 418.

The optics is matched by the ten quadrupoles in five
FODO cells between the 31.7 degree bend point and the
AGS injection section. Detail optics is shown in Fig.
4.
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