
Pumping ion 

Earlier this year, Linac 1 at CERN's Proton 
Synchrotron was moved back 12 metres to 
allow improved shielding. This way instal­
lation work for the new heavy ion injection 
system could proceed in parallel with nor­
mal PS working. 

(Photo CERN 370.1.85) 

In 1982 a D a r m s t a d t (GSI ) /Berke-
l e y / H e i d e l b e r g / W a r s a w t e a m p r o ­
p o s e d t h a t o x y g e n i ons be 
acce le ra ted in t h e CERN ' P r o t o n ' 
S y n c h r o t r o n in o r d e r t o be ab le t o 
s t u d y c o l l i s i o n s b e t w e e n nuc le i at 
ene rg i es h i g h e r t h a n w e r e ava i l ­
ab le at t h e h e a v y i on m a c h i n e s at 
D a r m s t a d t ( the U N I L A C l inear ac-
fcelerator) o r Berke ley ( the Beva lac 
s y n c h r o t r o n ) . S ince t h e p r o p o s i n g 
L a b o r a t o r i e s w e r e ab le t o d o m u c h 
o f t h e w o r k a n d p r o v i d e m u c h o f 
t h e f i n a n c i n g f o r t h e i n j ec t i on sys ­
t e m fo r o x y g e n i on a c c e l e r a t i o n , 
t h e p r o p o s a l w a s a c c e p t e d d e s p i t e 

* the c r o w d e d CERN p r o g r a m m e 
a n d t he necessa ry d e v e l o p m e n t 
w o r k b e g a n in a Be rke ley /CERN/ 
D a r m s t a d t c o l l a b o r a t i o n . 

In teres t in u s i n g t h e i o n s , b o t h 
f r o m t h e PS a n d f r o m t h e SPS, 
has esca la ted t o g i v e an a m b i t i o u s 
e x p e r i m e n t a l p r o g r a m m e (de­
sc r i bed b e l o w ) . M a j o r i t e m s of 
e q u i p m e n t a r e . c o m i n g t o g e t h e r at 
CERN, a n d f i rs t t es ts w i t h t h e i on 
b e a m s are s c h e d u l e d w h e n t h e 
^ERN m a c h i n e s c o m e back o n t h e 

air at t h e b e g i n n i n g o f 1986. 
A n i m p o r t a n t e l e m e n t in t h e de ­

c i s i on t o p u r s u e ion b e a m s w a s 
t h e ex i s tence o f L inac 1 ( the ' o l d ' 
l inac) st i l l l i nked t o t h e PS Boos te r . 
Th i s l inac had a l r eady b e e n used 
in t h e acce le ra t i on o f d e u t e r o n s 
a n d a lpha par t i c les a n d t h e r e w a s 
t h u s a l r eady e x p e r i e n c e o f c o p i n g 
w i t h par t i c les o t h e r t h a n p r o t o n s . 
T h e t r i ck f o r t h e i ons is t o i nc rease 
t h e acce le ra t i ng (and f o c u s i n g ) 
f i e l ds so t h a t t h e i ons t r ave l d o w n 
t h e l inac at exac t l y ha l f t h e ve l oc ­
i ty o f t h e usua l p r o t o n s . T h a t w a y 
t h e ions s tay in s tep w i t h t h e ac­
ce le ra t i ng f i e l ds in t h e d r i f t t u b e 
gaps . 

K n o w l e d g e of t h e s p a r k i n g l i m i t s 
in t h e f i r s t t ank o f t h e l inac d ic ­
ta tes t h e p e r m i s s i b l e f i e l d leve ls 

w h i c h in t u r n i m p l y a c h a r g e to 
m a s s ra t io f o r t he ion spec ies o f at 
least 0.38. A f u r t h e r l i m i t a t i o n is 
t ha t t h e b e a m d iagnos t i c s 
t h r o u g h o u t t he PS c o m p l e x need a 
m i n i m u m b e a m cu r ren t of a b o u t 
10 m i c r o a m p s f r o m the l inac in or ­
der t o p ick up a d e q u a t e s igna ls . 

These t w o cons t ra i n t s led n a t u ­
ra l ly t o t h e se lec t ion o f o x y g e n 6 + 
ions ( o x y g e n a t o m s s t r i p p e d of s ix 
e lec t rons ) . T h e y have a c h a r g e t o 
m a s s ra t io at t he l im i t of w h a t is 
accep tab le a n d a d e q u a t e ion cur­
ren t can be d r a w n f r o m an ECR 
(E lec t ron C y c l o t r o n Resonance) 
sou rce . A n a d d i t i o n a l r e q u i r e m e n t 
is t ha t t h e ions be in jec ted in to t h e 
f i r s t t ank at a b o u t 140 keV per n u ­
c l e o n ; t h i s can be p r o v i d e d by a 
r a d i o f r e q u e n c y q u a d r u p o l e . These 
c o n d i t i o n s d e f i n e d t he m a j o r fea ­
t u res of t h e in jec t i on s y s t e m to ac­
ce le ra te o x y g e n 6 + ions t o an 
e n e r g y o f 12.5 M e V per n u c l e o n . 

T h e ECR s o u r c e has been d e v e l ­
o p e d at CEN G r e n o b l e a n d o v e r a 
yea r a g o a c h i e v e d an o v e r 80 m i -
c r o a m p ion b e a m o f t h e r e q u i r e d 
q u a l i t y . It w a s t aken t o GSI in M a y 
of t h i s yea r w h e r e it w a s j o i n e d by 
a r a d i o f r e q u e n c y q u a d r u p o l e 
(RFQ) f r o m Berke ley . T h e RFQ, 
w h i c h is d e s i g n e d t o take t h e o x y ­
g e n 6 + i ons f r o m 5.6 keV t o 140 
keV per n u c l e o n , f o l l o w s t h e de ­
s i gn o f t h e h e a v y i on RFQ ins ta l l ed 
and success fu l l y o p e r a t i n g o n t h e 
Beva lac . P reced ing t h e dec i s i on t o 
use t h i s w a s t h e success fu l e x p e r i ­
ence w i t h t h e RFQ bu i l t at CERN 
w h i c h d e m o n s t r a t e d t ha t t h e nec­
essary m a t c h i n g o f t h e par t i c le 
b e a m b u n c h e s t o t h e acce le ra t i ng 
f i e l d ' b u c k e t s ' in t h e f i r s t t ank of 
t h e l inac c o u l d be success fu l l y ac­
c o m p l i s h e d . 

T h e ECR s o u r c e , a l o w e n e r g y 
b e a m t r a n s p o r t s y s t e m a n d t h e 
Berke ley RFQ a c h i e v e d 140 keV 
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Transverse energy distribution observed in 
200 GeV proton collisions in a lead target 
at CERN, extending far beyond the proton-
nucleon kinematical limit near 20 GeV. This 
intriguing result for wide angle scattering 
promises well for studies with heavy ion 
beams. 

per n u c l e o n i ons w i t h a c u r r e n t o f 
u p t o 80 m i c r o a m p s in recen t tes ts 
at D a r m s t a d t . A l l t h e s e u n i t s are 
n o w b e i n g t r a n s f e r r e d t o CERN f o r 
i ns ta l l a t i on at L inac 1. T h i s m a ­
c h i n e w i l l t h e n have t w o p re - in jec -
t o r s , each w i t h an RFQ. T h e l inac 
has a l r eady b e e n m o v e d back 
f r o m its in i t ia l p o s i t i o n f o r i m ­
p r o v e d s h i e l d i n g . W i t h o u t t h i s t h e 
necessary w o r k o n t h e i on sys ­

t e m s c o u l d no t g o o n w h i l e t h e PS 
w a s b e i n g r u n f o r p r o t o n s a n d a n ­
t i p r o t o n s . 

A l t h o u g h t h e losses o f i ons , d u e 
t o c h a r g e s t r i p p i n g in e n c o u n t e r s 
w i t h m o l e c u l e s o f res idua l gas , are 
t o l e r a b l e in t h e s ing le passage o f 
t h e b e a m d o w n t h e l inac, it is nec­
essary t o c o n v e r t t o f u l l y s t r i p p e d 
o x y g e n 16 be fo re i n jec t i on i n to t h e 
PS Boos te r w h e r e t h e ions n e e d t o 

l ive f o r m a n y t u r n s . A l s o t h e 
Boos te r r.f. s y s t e m needs t o per­
f o r m s o m e g y m n a s t i c s t o c o p e 
w i t h i ons h a v i n g o n l y ha l f t h e v e ­
loc i t y o f t h e usua l p r o t o n s . A 'har ­
m o n i c j u m p ' , w h e r e t h e b e a m is 
d e b u n c h e d a n d t h e n r e f o r m e d at 
ha l f t h e in i t ia l r.f. f r e q u e n c y , is ap ­
p l i e d . (Th is is d o n e in t h e B o o s t e r 
so as n o t t o a d d ye t a n o t h e r m a n ­
o e u v r e t o t h e a l r e a d y c o m p l e x 
p r o g r a m m e o f t h e r.f. s y s t e m in 
t h e PS r ing. ) 

T h e L inac , B o o s t e r a n d PS bear r 
d i a g n o s t i c s h a v e b e e n u p g r a d e d 
t o c o p e w i t h t h e l o w b e a m in tens i ­
t ies a n d so has t h e SPS. A v a r i e t y 
o f c o n s i d e r a t i o n s ( a v o i d i n g t r a n s i ­
t i o n e n e r g y , i n t e n s i t y p r o b l e m s , 
b e a m l i n e p a r a m e t e r s ) m e a n t h a t 
t h e l o w e s t b e a m e n e r g y f r o m t h e 
SPS w i l l be 40 GeV per n u c l e o n 
bu t r i s i ng f r o m t h e r e t o an e n e r g y 
o f 225 GeV per n u c l e o n , so t h a t 
t h e e m e r g i n g i o n s can h a v e ener ­
g ies u p t o 3600 GeV (3.6 TeV) ! 

Experiments 

E x p e r i m e n t s w i t h i on b e a m s a n d 
w i t h pa r t i c le b e a m s h i t t i n g nuc lea r 
t a r g e t s are a l r e a d y h i n t i n g 
s t r o n g l y at n e w phys i cs . A s w e l l 
as t h e rea l i za t ion t h a t u n d e r cer­
t a i n c o n d i t i o n s nuc le i can be 
v i e w e d as a s s e m b l i e s o f q u a r k s 
a n d g l u o n s (see p a g e 423) , h e a v y 
i on e x p e r i m e n t s h a v e a lso re­
v e a l e d o t h e r n e w aspec ts o f t h e 
b e h a v i o u r o f nuc lea r m a t t e r , p r o ­
v i d i n g n e w ideas f o r a s t r o p h y s i c s 
(see J u l y / A u g u s t 1984 i ssue , page 
243). 

T h e r e is a lso a s t r o n g c o n v i c t i o n 
t h a t o n c e i on b e a m s exceed s o m e 
t h r e s h o l d e n e r g y , c r a s h i n g t h e m 
in to l a b o r a t o r y t a r g e t s c o u l d f i ­
na l l y p r o d u c e t h e l o n g - a w a i t e d 
q u a r k - g l u o n p l a s m a - a n e w t y p e 
o f m a t t e r w i t h p r o p e r t i e s v e r y di f -
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f e ren t t o o r d i n a r y nuc lea r m a t e r i a l . 
W h e n t h e f i r s t p l ans t o use 

heavy ion b e a m s in t h e CERN h i g h 
e n e r g y m a c h i n e s w e r e p u t f o r w a r d 
(see J u l y / A u g u s t 1983 i ssue , p a g e 
223) , t h e idea w a s t h a t t h e co l l i ­
s i ons w o u l d be m o n i t o r e d in t h e 
W e s t E x p e r i m e n t a l A r e a o f t h e 
SPS us i ng a s t r e a m e r c h a m b e r 
gnd t he 'P last ic Bal l /P last ic W a l l ' 
de tec to r used in l o w e r e n e r g y 
heavy ion b e a m s at t h e Berke ley 
Beva lac. 

S ince t h e n in te res t has g r o w n 
c o n s i d e r a b l y . Even w i t h t h e b ig 
N o r t h E x p e r i m e n t a l A r e a o f t h e 
SPS h o u s i n g m o s t o f t h e e x p e r i ­
m e n t s , t h e r e w e r e m o r e p o t e n t i a l 
c u s t o m e r s t h a n CERN's res t r i c ted 
fac i l i t i es c o u l d h a n d l e . 

T h e Plast ic Bal l s t u d y , s t i l l f o r 
t he W e s t A r e a , n o w i n v o l v e s a 
B e r k e l e y / D a r m s t a d t (GS I ) / Lund / 
M a r b u r g / M u n s t e r / Oak R idge /War ­
s a w g r o u p . T h e 8 2 0 - m o d u l e Plast ic 
Bal l sc in t i l l a to r , i den t i f i es r eac t i on 
p r o d u c t s by e n e r g y loss . D o w n ­
s t r e a m c a l o r i m e t r y a n d a m u l t i p l i c ­
i t y de tec to r c o m p l e t e t h e 
a p p a r a t u s . 

T h e s t r e a m e r c h a m b e r e x p e r i ­
m e n t p r o p o s e d w i t h t h e Plast ic 
Bal l has m i g r a t e d t o t h e N o r t h 
A rea and i n v o l v e s a c o l l a b o r a t i o n 
o f A t h e n s / B a r i / C E R N / C r a c o w / 
D a r m s t a d t / F r a n k f u r t / F r e i b u r g / H e i ­
d e l b e r g / B e r k e l e y / M a r b u r g / T e x a s A 
a n d M/ W a r s a w / Z a g r e b . T h e 
e q u i p m e n t , i n c l u d i n g t h e s t r e a m e r 
c h a m b e r , c o m e s f r o m a p r e v i o u s 
N o r t h A r e a e x p e r i m e n t w h i c h f i n ­
i shed t ak i ng data in 1980. 

F ind ing e v i d e n c e f o r qua rk -
g l u o n p l a s m a is t h e g o a l o f A t h ­
e n s / B e r g e n / B e r k e l e y / B i r m i n g h a m / 
B r o o k h a v e n / C a r n e g i e M e l l o n / 
CERN/Chand iga rh /C i t y C o l l e g e , 
N e w Y o r k / C r a c o w / M a d r i d / S a n ­
t i a g o / S t r a s b o u r g / V i e n n a g r o u p 
w h i c h w i l l l ook exp l i c i t l y f o r t h e 

p r o d u c t i o n o f ( an t i ) ba ryons car ry ­
ing t he s t r a n g e n e s s q u a n t u m 
n u m b e r . F o r m a t i o n of q u a r k - g l u o n 
p l a s m a is e x p e c t e d to resu l t in an 
inc rease o f s e c o n d a r y s t r ange par­
t i c les . A p o w e r f u l s u p e r c o n d u c t i n g 
m a g n e t w i l l d i spe rse t h e i n tense 
sp rays o f seconda r i es , w h i l e a 
T i m e Pro jec t ion C h a m b e r w i l l l ook 
f o r heavy par t i c le decays . T h e ca l ­
o r i m e t e r f r o m the o ld E u r o p e a n 
H y b r i d S p e c t r o m e t e r c o m p l e t e s 
t h e se tup . 

T h e o t h e r N o r t h A rea heavy ion 
s tud ies are o f f s h o o t s f r o m la rge 
e x p e r i m e n t s o r i g i n a l l y bu i l t f o r use 
w i t h par t i c le b e a m s . A B r o o k h a -
ven /CERN/He ide lbe rg /Los A l a m o s / 
L u n d / M c G i l l / M o n t r e a l / M o s c o w / N o -
vos ib i r sk /P i t t sbu rgh /Sac lay /S tock -
h o l m / T e l A v i v g r o u p has m o d i f i e d 
a b ig e x p e r i m e n t o r i g i n a l l y p ro ­
p o s e d to s t u d y l ep ton p r o d u c t i o n 
by par t i c le b e a m s (see S e p t e m b e r 
1984 issue , page 281). 

For ion b e a m s , t h e a p p a r a t u s 
w i l l i n c l ude add i t i ona l la rge ang le 
s p e c t r o m e t r y and sof t p h o t o n de­
t e c t i o n . M u l t i p l e t a rge t a r rays w i t h 
su i t ab le s p a c i n g w i l l be used t o 
m i n i m i z e s e c o n d a r y i n te rac t i ons 
a n d o p t i m i z e t r i g g e r i n g rates. A l ­
ready in i t ia l tes ts w i t h p r o t o n 
b e a m s have s h o w n i n t r i g u i n g ef­
fec ts p r o d u c i n g v e r y h i gh (50 GeV) 
t r ansve rse ene rg ies far b e y o n d t h e 
a l l o w e d k i nema t i c s of p r o t o n - p r o ­
t o n i n te rac t i ons . Th is p r o m i s e s 
w e l l f o r t h e heavy ion b e a m s . 

A n o t h e r m o d i f i c a t i o n of an ex is t ­
ing e x p e r i m e n t is by a B e r g e n / 
C E R N / C l e r m o n t Fe r rand /L i sbon / 
Lyon /Neucha te l /O rsay /Pa la i seau / 
S t r a s b o u r g / V a l e n c i a c o l l a b o r a t i o n 
u s i n g a p p a r a t u s bu i l t t o i nves t i ­
ga te t he p r o d u c t i o n of m u o n pa i rs 
by par t i c le b e a m s (see A p r i l i ssue, 
page 104). For heavy ion w o r k , t h e 
a p p a r a t u s w i l l be s u p p l e m e n t e d 
by b e a m c o u n t e r s , c a l o r i m e t r y , 

a n d spec ia l t a rge t s . 
In a d d i t i o n t o t h e la rge elec­

t r o n i c d e t e c t o r s , severa l s t ud i es 
u s i n g e m u l s i o n s are p l a n n e d , w i t h 
p a r t i c i p a t i n g i n s t i t u t i o n s f r o m Eu­
r o p e , N o r t h A m e r i c a , Ind ia a n d 
Egyp t . 

First h e a v y * i o n b e a m s are 
s c h e d u l e d f o r nex t S e p t e m b e r , 
w i t h a s izeab le r u n j us t b e f o r e t h e 
1986 e n d - o f - y e a r s h u t d o w n . These 
e x p e r i m e n t s p r o m i s e re la t i ve l y 
rap id resu l t s , a n d a l r eady s o m e 
t w o h u n d r e d phys i c i s t s are i n ­
v o l v e d . 

I nev i t ab l y t h e phys i c i s t s are a l ­
r eady t h i n k i n g o f i ons b e y o n d o x y ­
g e n s ince heav ie r nuc lea r masses 
c o u l d g i v e a d d i t i o n a l i n f o r m a t i o n . 
A b e a m o f s u l p h u r i ons o f m u c h 
l o w e r i n t e n s i t y is p o s s i b l e f r o m 
t h e s o u r c e a n d c o u l d be squeezed 
t h r o u g h t h e l inac a n d Boos te r t o ­
g e t h e r w i t h t h e o x y g e n b e a m 
w i t h o u t t o o m u c h d i f f i cu l t y , a l ­
t h o u g h p a s s i n g t h r o u g h t h e t r a n s i ­
t i o n e n e r g y w i l l be p r o b l e m a t i c in 
b o t h t h e PS a n d SPS. Exo t i c ideas 
are t h e r e f o r e b e i n g g e n e r a t e d 
a b o u t acce le ra t i ng o x y g e n a n d s u l ­
p h u r , t u n i n g t h e m a c h i n e s o n t h e 
o x y g e n , a n d c a l c u l a t i n g f r o m tha t 
t o t h e a p p r o p r i a t e se t t i ngs f o r t h e 
s u l p h u r . Bu t al l t h a t is s o m e w a y 
i n to t h e f u t u r e , t h e r e is a l r eady 
p l e n t y t o keep t h e ion e n t h u s i a s t s 
busy . 
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