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GENERAL SCHEME
ECR

R F Q LINAC3

SPS
P S

LHC

100 µA e
Pb27+

LE IR

4.2 MeV/u,β = 0 . 0 9 4 
r ep . r a t e up  t o  5  H z  

S t r i p p er  
P b 27+ t o  P b 5 4 + 

stacking of 0.9 109 ions at 4 . 2  
M e V / u ,  acce l . to 7 2  M e V / u  ,   
 2  bu nch e s of 4 .5  108 ions 
e ach  e v e r y  3 .6  s. 

acce l . to 5 .9 G e V / u   
T w o bu nch  sp l itting 
4  p air s of bu nch l e ts /  3 .6  s. 

S tr ip p e r  in T T 2  
P b 5 4 +  to P b82+  

 ~13  P S  inj ./  S P S  cy cl e  
1 e j ./ 1. m n at 17 7 G e V / u  
4  p air s of  bu nch l e ts  
r e com bine d  to 4 b..( 100ns)  

5 92  bu nch e s and  ~10m n fil l ing tim e  p e r  r ing.  
P S  batch  p atte r n= 3 * ( 13 , 13 , 12 ) + 1* ( 13 , 13 ,  8 )    
7  107 / b,  2 .7 6 T e V / u ,  L = 1 1027 cm -2s-1 
5 h . L u m inosity  l ife ,  2 e x p  

1 0 0  t o  20 0   µA 
P b 27+ 

LHC.LEAD.new.PUBLHC.LEAD.new.PUB



Nominal Performance for LEAD ions
7 107 L e a d  i o n s /b u n c h   i n  L H C  a t  2 . 7 T e V /n  i n  a  n o r m a l i s e d  
e m i t t a n c e  o f  1. 5  µ m ( βγ σ2/βh,v ) .  
O v e r a l l  t r a n s f e r  e f f i c i e n c y ( from L e i r e x t ra c t i on  l o L H C  c oa s t )  o f  3 0% ,
ε * < 1. 2  µ m  a t  t h e  e x i t  o f  S P S ,
ε * < 1 µ m  a t  t h e  e n t r a n c e  o f  S P S   a f t e r  f i n a l  s t r i p p i n g ,
ε * < 0. 7 µ m  a t  t h e  e n t r a n c e  o f  P S .  
A  t o t a l  o f   0. 9  10 9  i o n s  e x t r a c t e d  f r o m  L E I R
L i m i t  a s  m u c h  a s  p o s s i b l e  L H C  f i l l i n g  t i m e .





PSPSB

F I L T E R

L I N A C 3

So u r c e

New AnyWay

Lattice,Vacuum
LEIR

D u e  t o  e j e c t i o n  a t  7 1  M e V / u

T o  b e  p u l s e d  b e t w e e n  i n j .  a n d  e j e c t



HVP injection
D = 1 0 m

E l ectr on cool ing
D = 0 m

ex tr a ction

tr ip l et

d ou b l et



LEIR cycle for LEAD ions
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T]Multiturn inj e c tio n H + V + P  p la ne s

5 0  e f f ic ie nt turns
3 . 0  1 0 8 io ns  p e r inj e c tio n 

E c o o ling  ma x  4 0 0  ms  re d uc e  εn f ro m 
2  to  0 . 5  µm,  δ f ro m 1 0 -3 to  < 0 . 2  1 0 -3

D e ns ity  inc re a s e  b y  8 0

E x tra c tio n a t B ρ = 4 . 8  T m,  
2  b unc h e s  to ta l 9 1 0 8 io ns

εn = 0 . 7 µm

E nd  c o o ling ,   b unc h ing ,  
s p a c e c h a rg e  limit ∆ Q < 0 . 3

A c c e le ra tio n,  I B S

C y c le  
3 . 6  s

4  inj e c tio ns  in 1 . 6 s

D y na mic  V a c uum v e ry  g o o d  
( 1 0 -1 2 ra ng e )
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LEAD IN THE PS

2 b u n c h e s
b .  t o  b .  i n j e c t i o n

R F  h = 1 6
s p a c e c h a r g e  
l i m i t ∆ Q < 0 . 25 I n t e r m e d i a t e  f r o n t  p o r c h

Bρ= 22 T m
R F  h = 1 6  t o  h = 1 4  t o  h = 1 2
S p l i t t i n g  h = 24  t h e n  h = 21

4  b u n c h e s

Bρ= 8 6 . 7 T m
R F  h = 21  t o  h = 1 6 9  ( 8 0 M H z )
S p l i t t i n g  R F  h = 1 6 9  t o  h = 4 23

4  p a i r s  o f  b u n c h l e t s  1 0 0 n s  d i s t .

F a s t  e x t r a c t i o n
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Injection h=16

h=16 to 14

h=14  to 12

S p l itting
h=12  to 2 4

h=2 4  to 2 1
to 169

S p l itting  
h~ 4 2 3  
( 2 0 0 M H z )
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TT2(from PS to SPS, h a s  to b e  c h a n g e d )

• A t  s t r i p p e r  βh, v ~ 2 0 m → 5 m ,  D ~ -1 m
• B l o w -u p  r e d u c e d  b y  a  f a c t o r  4  c o m p a r e d  t o  o l d ( n o r m a l ) o p t i c …. n e e d s  

M D  f o r  S P S  m a t c h i n g .  ∆ ε ~ 0 . 2 µ m  a f t e r  r e -m a t c h i n g  i n  S P S ? .
• N e e d  o f  4  q u a d s ,  6  p o w e r  s u p p l i e s  +building. ( m o s t l y  r e c u p e r a t e d )



Other i o n s
• I o n s  s h o u l d h a v e  t h e  h i g h e s t  p o s s i b l e  c h a r g e  s t a t e  
a l r e a d y  i n  L E I R :
– R e m o v e S P S  l i m i t  
– B e t t e r  a n d  f a s t e r  c o o l i n g i n  L E I R ( Z 2 / A )  

• L i m i t s  a r e  i n  L E I R  a n d  P S  ( s p a c e c h a r g e )
• P S  R F  n o t  s t u d i e d Incoherent tune shift at machine injection
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See D a n i el ’ s  t a l k



LEIR + PIL C o s t

Year 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6
T O T A L
P I L  &  
L E I R

T O T A L 2 1 5 0 6 0 5 0 6 3 8 0 4 2 8 9 6 1 0 1 9 4 7 9



Schedule



Conclusions

• L E I R  a n d  P S  w e l l  a d a p t e d  f o r  a l l   i o n s . 
• F l e x i b l e  i n  t e r m s  o f  N i o n s /b u n c h .
• C a n  b e  o p e r a t i o n a l f o r  2 0 0 8

• M o r e  i n  
h t t p : //c h a n e l .h o m e .c e r n .c h /c h a n e l /W e l c o m e .h t m
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b e am  life t im e  :  6 .5 s

L i n a c  I I I  r e p  r a te  :  2 .5  H z
I o n  b e am  e n e r g y  :  4 . 2  M e V / u
E le c t r o n  e n e r g y  :  2 . 3 5  k e V
E le c t r o n  c u r r e n t  :  1 0 5  m A

A v e ra g e  a c c u m u la te d  in te n s ity  :  6 E 8  io n s
P e a k  in te n s ity  :  7 .1 E 8  io n s

Stacking tests of lead ions
requested

$ % & ' ( ) ( * * + ' + ( , ' -

Losses+charge state

W i th  th e l a tti c e used,  i t w a s n o t p o ssi b l e to  a c c el era te th e b ea m
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Study of Beam-Cleaning:
T es t Ch amb er  A ,  Θ =  1 4  mr ad
Continuous  inj ec tion of P b 53+ ions
P er iods  w ith out b eam ar e c ut-aw ay

( 6 )

( 5 )

( 4 )

( 3 )
( 2)

( 1 )

(1) Change from single shots to continuous injection of Pb53+

(2 ) R ed uced  Pb53+ current,  ad d itional p ump ing (T urbo)
(3 ) S y stem v ented  (5 min),  bak eout (2 4 h) at 3 0 0 0C
(4 ) Continuous injection of Pb53+

(5 ) Pow er Cut (2 . 6 . 2 0 0 1)
(6 ) Changed  to single shots and  back  to continuous injection

LHC-VAC-PS
n o t  t o  b e  p u b l i s h e d
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Ion induced desorption tests at LINAC 3
J. Hansen, J.-M. Laurent, E. Mahner & LINAC 3-Team



Lead Ions Limitations

ECR 100µA
P S B  5  t u r n s

ECR 2 5 0µA
P S B  5  t u r n s

ECR 100µA
P S B  2 0t u r n s

N o m i n a l  s c h e m e
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Ions/bunch in LHC

LH
C l

um
ino

sit
y[c

m-
2s

-1]

Options
L im it M in.   b y  L H C  B P M
L H C  l u m inosity  l im it( q u e nc h )
S P S  M a x  N ions/ L H C  b u nc h
A l ic e   L ow  L u m . m ini


