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Nuclear chart
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ISOL
Isotope Separation On-L ine
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ISOLDE@CERN
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PS Booster
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Production yields
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Cross sections
energy dependence



Summer students 
2 0 0 2

M a ts L i ndro o s

Cross sections
energy dependence
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Target

Protons

+/- 8V
5 0 0 A

+/- 9 V
1 0 0 0 A

*
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Target
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Converter target
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Converter target



Summer students 
2 0 0 2

M a ts L i ndro o s

Converter target
scanning the proton beam
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Ion source
Plasma ion source
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Ion source
Laser ionization
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ISOLDE target change
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Magnetic separation
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Nuclear chart @ ISOLDE
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Pure beams?
To get pure beams free from isobaric 
con tamin ation :

• Target material
• Target an d  ion  source ch emistry
• P roton  en ergy
• I on  source
• M agn etic separation



Summer students 
2 0 0 2

M a ts L i ndro o s

ISOL facilities 1967
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ISOL facilities 2001
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Why bother?
• A  f e w -b o d y  s y s t e m  o f  h a d r o n s  ( n e u t r o n s  a n d  p r o t o n s )  w i t h  m a n y  r e m a i n i n g  q u e s t i o n  m a r k s
• “ L a r g e s t ”  s y s t e m  w h e r e  s t r o n g  a n d  w e a k  i n t e r a c t i o n  a r e  m a n i f e s t e d
• “ A p p l i c a t i o n s ”

– A s t r o p h y s i c s
– C o n d e n s e d  m a t t e r
– E n e r g y
– M e d i c i n e
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Physics at ISOLDE

Weak Interaction 
and  N u cl ear 
P h y s ics
4 9 %

Solid state physics
1 7 %

P ar ticle an d 
A str ophysics

1 4 %
B iolog y/ M edicin e

2 %

A tom ic P hysics
1 8 %

35 Experiments
2 7 0  U sers
7 7  I nstitu tes
2 2  C o u ntries
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Nuclear Physics
Nuclear Decay Spectroscopy 

an d  R eacti on s

Structure of Nuclei
E x otic D eca y  M od es

A t o m ic Physics
L aser Spectroscopy an d  

Di rect M ass M easurem en ts

R a d ii,  M om en ts ,  Nuclea r 
B in d in g  E n erg ies

Nuclear 
A st ro p hysics
Ded i cated  Nuclear 

Decay/ R eacti on  Stud i es

E lem en t Sy n th es is ,  
Sola r P roces s es

 

f ( N, Z )

F un d am en t al 
Physics

Di rect M ass M easurem en ts,  
Ded i cated  Decay Stud i es - W I
C K M  un ita rity tes ts ,  s ea rch  for 
β-ν correla tion s ,  rig h t-h a n d ed  

curren ts

A p p lied  Physics
I m plan ted  R ad i oacti v e 

P rob es,  T ai lored  I sotopes 
f or Di ag n osi s an d  T h erapy 
C on d en s ed  m a tter p h y s ics  

a n d  L ife s cien ces
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Astrophysics
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Halo Nuclei
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Halo nuclei

8 104 
s-13  107  s-

1

7  10 6  
s-1

1 104 
s-1

3  101 
s-1
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To get the whole picture…
Spins

M o m e nt sSpins
M o m e nt s

E l a st ic
Sc a t t e r ingE l a st ic
Sc a t t e r ing

M o m e nt u m
D ist r ib u t io ns
M o m e nt u m
D ist r ib u t io ns

R e a c t io n
C r o ss Se c t io nsR e a c t io n
C r o ss Se c t io ns

B e t a
D e c a yB e t a
D e c a y

U nb o u nd
N u c l e i

U nb o u nd
N u c l e i

M a sse sM a sse s
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Mass measurements

R
F

B

D. L u n n e y

RF

ion c ou nt ing  

r e f e r e nc e
ion s ou r c e

1  m
m a g ne t
( 2 2  T )

s l it 0 . 4  m m
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Mass measurements

ISOLDE
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Solid state physics 
Radioactive ions as “spies” (PAC) in high-T c

su per condu ctor s…

… or as d op an t s i n  se m i c on d u c t ors 
t h at  c h an g e  w i t h  t i m e .
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Medical physics
• E x a m p l e :  s a m a r i u m  

i s o t o p e s  
• “ i n  v i v o ”  d o s i m e t r y

b y  p o s i t r o n  
e m i s s i o n
t o m o g r a p h y ( P E T )

• 1 4 2 -S m ( e ,  T 1 / 2  =  
7 2 m )  ->     1 4 2 -P m  
( b �,  T 1 / 2  =  4 0 s )  

• T h e r a p y :  1 5 3 -S m   
( b � ,   T 1 / 2  =  4 7 h )

PET scan of a rabbit 60 min p.i. of ISOLDE 
prod u ce d  1 4 2 -Sm in EDTM P sol u tion
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Particle spectrum of 
149 T m
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Principle of R a d ioim m u nio T h era py

Protein strand in c anc er c el l s 
( C D 2 0 antig ens of  B  c el l s)

Cell membrane

M o Ab ( R i t u x i mab)
sp ec if ic  to

CD 2 0  ant i g ens  
o f  B  c ells

149Tb
DAUDI cells

L i nk er( CH X -A-D T P A)Proteins in h eal th y c el l s 

Plasma
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Post acceleration
• A c c e l e r a t i o n  o f  
r a d i o a c t i v e  
i o n s :
– L o w  i n t e n s i t y
– S h o r t  h a l f  l i v e s
– C h a r g e  s t a t e

1 GeV

1 M eV

1 k eV

1 eV

f r a g m en t a t i o n  ( F R S )

d ec el er a t i o n  c o o l i n g
( s t o r a g e r i n g s )

p o s t - a c c el er a t i o n

i s o t o p e s ep a r a t i o n
o n - l i n e ( I S O L )

E / A

t a r g et - i o n  s o u r c e
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∆E

A c c u m u l a t i o n                      C o o l i n g                         Ej e c t i o n
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REX mini ball
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Future plans
An RFQ cooler at ISOLDE

BUFFER GAS
HIGH VOLTAGE
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Buffer gas cooling of an ion in an RFQ
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Future plans
The SPL

• A  n e w  h i g h  i n t e n s i t y  p r o t o n  s o u r c e  f o r  C E R N

H- s o u r c e ,  
2 5  m A
1 6 . 5 %  
d u t y  c y c l e

F a s t  c h o p p e r  ( 2  n s )

C e l l -
c o u p l e d
D T L

n e w  S C  
c a v i t i e s :  
β = 0 . 5 2 , 0 . 7 , 0 . 8

R F  s y s t e m :
• f r e q . :  3 5 2  M Hz
• a m p l i . :  t e t r o d e s        
a n d  L E P  k l y s t r o n s

Detailled in
th e S P L  C o n c ep tu al 

Des ig n  R ep o r t
( C E R N  2 0 0 0 -0 1 2 )

H- R F Q 1  c h o p .  R F Q 2R F Q 1  c h o p .  R F Q 2 R F Q 1  c h o p .  R F Q 2D T L  C C D T L R F Q 1  c h o p .  R F Q 2β 0 . 5 2   β  0 . 7   β 0 . 8        L E P - I I dump

Source  Low Energy section    D T L Sup ercond ucting section

4 5  k e V                        7  M e V              1 2 0  M e V                       1 . 0 8  G e V                      2 . 2  G e V

3  M e V 1 8 M e V    2 3 7 M e V  3 8 9 M e V
1 3 m 7 8 m 3 3 4 m 3 4 5 m

P S  /  I s o l d e

Stretch ing a nd
col l im a tion l ine

A c c u m u l a t o r  R i n g

From the CERN SPL project
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Future plans
A next generation RNB facility

Hall 1 Hall 2

Hall 3



Summer students 
2 0 0 2

M a ts L i ndro o s

New probes for 
n u c l ea r ph y si c s

• P r o b i n g  o f  n u c l e a r  s u r f a c e
– “ H a l o  m o d e l ”  v s  

“ N e u t r o n  s k i n  m o d e l ”
• N e u t r o n  D e n s i t y  D i s t r i b u t i o n s  D e d u c e d  f r o m A n t i p r o t o n i c A t o m sA . T r z c i n s k a ,  J . J a s t r z e b s k i ,  P .L u b i n s k i ,  F .  J . H a r t m a n n ,  R .  S c h m i d t ,  T .  v o n E g i d y ,  a n d  B . K l o sP h y s .  R e v .  L e t t  8 7 ,  2 0 0 1

– S t u d y  o f  t h e  a n n i h i l a t i o n  
r e s i d u e s  w i t h  m a s s  n u m b e r  
o n e  u n i t  s m a l l e r  t h a n  t h e  
t a r g e t  m a s s  At

– S t u d y  i n -b e a m a n t i p r o t o n i c
x-r a y s
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TISR
PENNING
    T r a p

  EB I S
A / q < 4 . 5

I S O L D E
 b e a m
6 0  k e V

HV platform
6 0  k V

HV platform
2 0 - 6 0  k V

 Separator
( q / A ) / ( q / A ) =
     1 / 1 5 0
∆

5 keV/u 3 0 0  keV/u

R F Q

   R e-
b u n c h er

    I H -
s tru c tu re

7 - g ap res on ators

1 . 1 - 1 . 2  M eV/u 0 . 8 - 2 . 2  M eV/u

 to target
    an d
 d etec tor 
   array
M I N I B A L L

back to ISOLDE
m ai n  be am  l i n e

anti-proton
s torag e  ring

ion storage ring

anti proton 
b e am

ion beam

5  m

Inter-secction anti-proton ion storage ring
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Electron Neutrinos
Γ=100, 350 MeV@50 Km.
Possible neutrino physics scopes (P. 
Z ucchelli) :
1 . νe cross sections (a strophysics)2 . S hort ba seline oscilla tions (L S N D )
3 . L B L :  θ 1 3 (d isa ppea ra nce a nd  a ppea ra nce)
4 . C P v iola tion.
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The beta beam
• P r o d u c t i o n  o f  a n  i n t e n s e  c o l l i m a t e d  n e u t r i n o  o r  a n t i  n e u t r i n o  t h r o u g h  b e t a  d e c a y  o f  a c c e l e r a t e d  r a d i o a c t i v e  i o n s

ISOL 
t a r g e t  &  
Io n  s o u r c e

SP L

D e c a y
R i n g

Decay ring
B� =  1 5 0 0  T m
B =  5  T
Lss =  2 5 0 0  m

SP S

P S

C y c l o t r o n  ( o r  
F F A G )

Li n a c

A c c u m u l a t o r  
r i n g
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Conclusions
• N u c l e a r  p h y s i c s  a n d  i t s  a p p l i c a t i o n s :

– a r e  f a s c i n a t i n g  s u b j e c t s
– h a v e  a n  e x c i t i n g  f u t u r e  a t  n e w  l a r g e  
s c a l e  f a c i l i t i e s  

– a r e  e x c i t i n g  r e s e a r c h  o p p o r t u n i t i e s  f o r  
y o u ;  f o r  a  P h . D .  a n d  a  f u t u r e  r e s e a r c h  
c a r e e r

• T h a n k  y o u  f o r  y o u r  a t t e n t i o n !
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ISOLDE visit
• T o d a y  a t  1 5 . 0 0 !
• W e  a r e  m e e t i n g  o u t s i d e  t h e  I S O L D E  
h a l l


