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A Glimpse on the LHC injector chain 
♦ N ominal lead  b eam in LHC
E CR  S ou rce,  Linac3  issu es
♦ I ntensity  in allow ed emittance
Lig hter I ons
♦ E stimated  y ield s f rom sou rce,  Linac,  stripper
♦ P ossib le improv ements
Low  E nerg y  I on R ing  ( LE I R )  or Laser I on S ou rce ( LI S ) ?

Ions for LHC: Sources, Linac3
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The LHC Injector Chain 

LEIR 72 M e V / n  P b

6  G e V / n  P b

1 77 G e V / n  P b  
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Lead Ions in LHC and Injectors - N om inal

 

 
 

 
 

 LINAC3 LE IR   P S  S P S  LH C 
E n e r g y  [ G e V / n ]  0 . 0 0 4 2 0 . 0 72 6 177 2760  
P b  c h a r g e  s t a t e  54 +  54 +  54 +  8 2+  8 2+  
b u n c h  s p a c i n g  [ n s ]    9 5,  5 10 0  10 0  
i o n s / L H C  b u n c h  6 10 8  

( 20  µA )  
2. 25 10 8 1. 2 10 8 9  10 7 7 10 7 

ε* (  =  (βγ)∗σ2/ β)  0 . 3  0 . 7 1 1. 2 1. 5 ( 1 )  
#  b u n c h e s   2 4  p a i r s  ~ 52 59 2/ r i n g  ( 2)  
p u l s e s  t o  f i l l  
d o w n s t r e a m  m a c h i n e  

5 
( u p  t o  5  H z )  

1 ~ 13  12 9’ filling per 
ring 

LHC P b Lu m i n o si t y  =  1  1 0 27 c m -2 s-1
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( 1 )  Sa m e  phy sica l e m it t a nce  a s prot ons, w it h t he  sa m e  t ig ht  e m it t a nce  b u dg e t  
( 2 )  8 9 1  b u nch pla ce s pe r ring

st rippe r st rippe r
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The CERN Ion L i na c 3
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Electron Cyclotron Resonance (ECR) Source
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ECR Source and Linac3: Speculations on 
Lig h ter I ons

 208P b ( 8 2 )  1 1 5 I n ( 4 9 )  84 K r ( 3 6 )  40Ar ( 1 8 )  1 6 O ( 8 )  4H e ( 2 )  
charge state ion source 2 7+   2 1 +  1 1 +  8 +  2 +  1 +  
current source ( µAe )  estim .  1 00 1 0 0  1 5 0  2 0 0  3 00 5 0 0  
strip p ed  to ( af ter L inac)  5 3  ( 5 4 ) +  3 7+  2 9 +  1 6 +  8 +  1 +  
c u r r e n t  ( µAe ) ,  1 4  G H z  s o u r c e   2 0 2 5  3 0  7 5  1 7 0  1 6 0 
18 GHz source 4.2 MeV/u 41 -44 44-49   1 3 2   
2 8 GHz source( 1)  4.2 MeV/u 1 0 0 -1 0 8  1 0 8 -1 20   3 20    
       
# i o n s  i n j e c t e d  L E I R  p e r  L i n a c  p u l s e  
E C R  1 4  G H z ) ,  5 0 “ e f f e c t i v e ”  t u r n s  

4  1 08 6 . 5  1 0 8 9  1 0 8 4 . 3  1 0 9 1 . 8  1 0 1 0  1 . 4  1 0 1 1  

# ions f rom  L E I R  p er L H C  b unch ( w ith 
5  L inac3  p ul ses)  

3  1 08 5  1 0 8 6 . 8  1 0 8 3 . 2  1 0 9 1 . 4  1 0 1 0  1  1 0 1 1  

η L H C  col l ision/ L E I R  ej ection 0 . 3  0 . 4  0 . 5  0 . 5  0 . 6  0 . 6  
      S o u r c e  v s  o t h e r  l i m i t a t i o n s        
#  i o n s / b u n c h ,  2 . 8  T e V / u ,  s o u r c e  9  1 07 2 . 6  1 08 3 . 4  1 08 1 . 6  1 09 8 . 1  1 09 6 . 3  1 01 0 
#  i o n s / b u n c h ,  2 . 8  T e V / u ,  o t h e r  l i m i t s  7 1 07 2 . 2  1 08 3 . 3  1 08 5 . 5  1 08 1  1 09 5 . 2  1 09 
 m a r g i n a l  m a r g i n a l  m a r g i n a l  ( 1 )  ( 1 )  ( 1 )  
 ( 1 )  f e w e r Lina c pu lse s re q u ire d
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Laser Ion Source (LIS) – an A l t ernat i v e?
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LIS Power Laser and Source

T he  Ru ssia n 1 0 0  J , 1  Hz  CO 2 La se r A m plif ie r in b u ilding  3 6 3  ( “ F a ra dy Ca g e ” ) , b e ing  com m issione d
T he  prot ot y pe  La se r Ion Sou rce  in b u ilding  2 3 6  on 
a  HV  pla t f orm  ( ~ 1 0 0  kV )  t o de cre a se  spa ce  cha rg e
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Could we go the LIS Route? It’s still R&D!
With Pb25+ f r o m L I S ,  o n e  c o u l d  u s e  the  PS  B o o s te r  in s te a d  o f  L E I R  if :
♦ Current >  5 mA d uri ng  ~  5 µs
♦ N o rm . tra nsv erse rm s em i tta nc e ε∗ r m s  <  0 . 1 5  µm
♦ S o urc e sta b l e,  rel i a b l e,  sm a l l  j i tter….
N e e d s  o the r  ma j o r  in v e s tme n ts
♦ M a k e a n o p era ti o na l  l a ser ( sp a re p a rts…)  +  i nsta l l a ti o n i n L i na c  3 ;
♦ A  new  R F Q ;
♦ U p g ra d i ng  o f  P S B  i nj ec ti o n a nd  v a c uum  sy stem s;
♦ ( l i st no t ex h a usti v e)  sum m i ng  up  to  1 0 …1 4  M CH F
☺ A  f ew  m i l l i o ns c h ea p er th a n L E I R
☺ M uc h  l ess ex p l o i ta ti o n c o st c o m p a red  to  L E I R
� L a ser w i l l  ( h o p ef ul l y )  w o rk  th i s sum m er,  b ut th en R & D  sta rts!
� W e c a nno t a f f o rd  to  g o  th e L E I R  a n d L I S  ro utes i n p a ra l l el
� E v en i f  c o nc l usi v e resul ts b y  end  2 0 0 2 ,  Pb to  L H C  n o t be f o r e  2 0 0 9
� L i g h ter i o ns:  sp ec ul a ti o ns,  need s m o re R & D  ( e.g . f o r g a seo us el em ents)
2 8 . J u ne  2 0 0 2
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Conclusions on Sources and L inac 3
ECR Sources:
♦ The p resen t  1 4  G H z  source c o u l d  ( j ust )  d o t h e j ob f o r  P b ,  I n ,  K r ,  a n d  ea s i l y      
d o  i t  f o r  A r ,  O ,  H e.  D u e t o  u n c er t a i n t y  o f  ex t r a p o l a t i o n ,  a n  u p g r a d i n g  t o
♦ 1 8  G H z ( +  p r o p o r t i o n a l  f i el d  i n c r ea s e)  i s  en v i s a g ed :  p o t en t i a l  i n c r ea s e o f  ~ 1 . 5
♦ C o l l a b o r a t i o n  w i t h o u t s i d e l a b s  t o  a c hi ev e 2 8  G H z  ( a  f a ct or >  4  i n  i n t en si t y ? )
♦ E v en  a  f a c t o r  1 0  i n c r ea s e w o u l d  n o t  b e s u f f i c i en t  f o r  t he P S  B o o s t er  r o u t e 
L a ser I on  Source:
♦ S t i l l  a  p r o t o t y p e i n  t he R & D  p ha s e
♦ i m p l em en t a t i o n  o f  a n  o p er a t i o n a l  s o u r c e a n d  o t her  ha r d w a r e w oul d  cost  a t  
l ea st  1 0  M CH F ,  b u t  w o u l d  sa v e resources f or ex p l oi t a t i on  of  L EI R
♦ L i g ht er  i o n s ?  M u c h m o r e R & D  n eed ed  ( w hi c h a l s o  c o s t s  s c a r c e r es o u r c es )
♦ P b  i on s n ot  rea d y  f or L H C b ef ore 2 0 0 9
Con cl usi on : I f  w e w a n t  t o h a v e P b i on s rea d y  f or L H C i n  2 0 0 8  w i t h  a  
rea son a b l e con f i d en ce l ev el ,  d eci d e N O W  f or L EI R +  ( up g ra d ed )  ECR source
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