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  Features	
  of	
  SPES	
  Project:	
  
-­‐  Primary	
  beam	
  delivered	
  by	
  a	
  cyclotron	
  
-­‐  8	
  kW	
  Proton	
  beam	
  on	
  Uranium	
  target	
  
-­‐  Radioac@ve	
  ions,	
  	
  mass	
  10<A<200	
  
-­‐  Reaccelerator	
  Linac	
  ALPI	
  
-­‐  Max	
  Energy	
  <	
  	
  11-­‐	
  13	
  MeV/n	
  	
  	
  	
  

There	
  are	
  two	
  
produc@on	
  targets	
  to	
  
be	
  used	
  alterna@vely	
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Charge	
  
breeder	
  

High	
  Resolu/on	
  Mass	
  
Separator	
  (HRMS)	
  

RFQ	
  
Beam	
  
Cooler	
  

Cyclotron	
  Produc/ons	
  
targets	
  

Beam	
  transfer	
  line	
  

RFQ	
  
Preaccelerator	
  

To	
  ALPI	
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SPES, updated beam transport layout, transport of 

secondary beam with E=40-60 keV   

No	
  H.V.	
  
plaUorms	
  
for	
  Beam	
  
cooler	
  and	
  
Charge	
  
breeder	
  

Disadvantages:	
  
H.V.	
  plaUorm	
  for	
  High	
  Resolu/on	
  
Mass	
  Separator,	
  more	
  electrosta/c	
  

quadrupoles	
  for	
  transport	
  

Advantages	
  
No	
  High	
  voltage	
  
plaUorms:	
  for	
  	
  

produc/on	
  targets	
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Mass	
  Resolving	
  power	
  
necessary	
  to	
  dis@nguish	
  	
  

isobars	
  

G.	
  Audi,	
  A.H.	
  Wapstra	
  and	
  C.	
  
Thibault,	
  	
  Nucl.	
  Phys.	
  A	
  729	
  
(2003)	
  337–676	
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ISOBAR	
  
Line	
  

Isobars	
  symmetric	
  
respect	
  to	
  the	
  
stability	
  valley	
  
could	
  	
  need	
  mass	
  
resolving	
  power	
  
higher	
  than	
  50.000	
  
also	
  if	
  they	
  are	
  far	
  
of	
  the	
  stability	
  line	
  



Isobars	
  A=100	
   Isobars	
  A=140	
  

Stable	
   Stable	
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FWtM/R16=1/40000	
  
Isobars	
  with	
  similar	
  intensi@es	
  well	
  separated	
  	
  +ΔM/M	
  

1/40.000	
  
-ΔM/M	
  
1/40.000	
  

FWHM	
  

FWtM	
  



A Scaled UP version of the separator 
designed by Cary Davids                    

for CARIBU project, Argonne 
 
•  Energy 260 kV  
•  Bend=80° ρ=1.5 m, Bmax=0.9 T 
•  Dipole Edge=28° 
•   (X,X’) emittance=3 π mmmrad 
•  (Y,Y’) emittance=4 π mmmrad 
•  Entrance/Exit slits 1 mm 
• Μ/Δm ~ 40.000 

EQ1 

EQ3 

EQ2 

Sx1 
EQ1’ 

EQ2’ 

EQ3’ 

Sx2 

Multipole 
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Parameters CARIBU SPES-LNL 
Bending radius 500 mm 1500 mm 
Beam Energy 50 keV 260 keV 

Magnetic field A=20 2.9 kGauss 2.2 kGauss 
Magnetic field A=200 9.1 kGauss 6.9 kGauss 

Bending	
  angle	
   60° 80° 
Entrance/exit angle 23 28.4° 

Pole gap 80 mm <80 mm 
Pole width 620 mm <640 mm 

Free space between 
dipoles 

2 x 25 cm 2 x 45 cm ÷	
   
2 x 65 cm 

Multipole Eff. Length  30 cm 20 cm à40 cm 
Multipole diameter 40 cm 40 à 50 cm 

Matching Quads Leff. 20 cm 40 cm 
Focusing Quads Leff. 24 cm 40 cm 
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Ini@al	
  beam	
  
distribu@on	
  

Final	
  beam	
  
distribu@on,	
  
5	
  order	
  

op@mized	
  

Μ/Δm	
  	
  	
  	
  	
  	
  
~	
  20.000	
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Coefficient	
  of	
  thermal	
  dilata/on	
  for	
  stainless	
  steel	
  	
  
12	
  micron/(m	
  K),	
  for	
  L=8	
  m	
  and	
  ΔT=	
  1K	
  à	
  ΔL=	
  0.096	
  mm	
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Mul/pole	
  

Sextupoles	
  

Diagnos@c	
  
box	
  

Diagnos@c	
  
box	
  

Selec/on	
  slits	
  

Quadrupoles	
  
Dipoles	
  



EURISOL	
  Town	
  Mee/ng,	
  LISBOA,	
  15-­‐18	
  October	
  2012	
   13	
  

Beam	
  energy	
  260	
  keV,	
  	
  
(X,X’)	
  emigance=3	
  π	
  mmmrad,	
  	
  (Y,Y’)	
  emigance=4	
  π	
  mmmrad	
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Mass	
  ΔM/M=	
  2.5	
  10-­‐5	
  à1/40000	
  



energy spread 
±1 eV/260 kV 

Δm/M=	
  
1/40.000	
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energy spread  
± 2.6 eV/260 kV 

What do we learn about HRMS 

design for                             ? 
If we use the HRMS with 
beam of 100 keV and with 
energy spread ±1 eV the 

spectra will have this feature 

energy spread        ±0.5 eV/
260 kV               



energy spread  
±1 eV/260 kV 
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energy spread         
±0.5 eV/260 kV               

energy spread  
±2.6 eV/260 kV or  

±1 eV/100 kV  

a)  

b)  c)  
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Focusing	
  
elements	
  

Injec@on	
  
Decelera@on	
  

Confinement	
  
and	
  cooling	
  

Bunching	
  
or	
  pulsing	
  
(op@onal)	
  

Extrac@on	
  
Accelera@on	
  	
  

He	
  
gas	
  

He	
  
gas	
  DIFFERENTIAL	
  PUMPING	
  SYSYTEM	
  

10-­‐7	
  mbar	
   10-­‐7	
  mbar	
  10-­‐1	
  ÷	
  10-­‐3	
  mbar	
  

30π	
  mm	
  mrad	
  @	
  40keV	
   (1	
  ÷	
  5)π	
  mm	
  mrad	
  @	
  
40keV	
  

≈	
  100	
  eV	
  

RFQ	
  

DC	
  
axial	
  
field	
  	
  

Ion	
  Mass	
  =	
  9	
  <	
  A	
  <	
  200	
  
Current	
  =	
  	
  up	
  to	
  100	
  nA	
  (actual	
  
limit)	
  ≈	
  1	
  μ	
  A	
  (challenging)	
  

HV	
  planorm	
  

RFQ	
  Cooler	
  System	
  Layout	
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PRELIMINARY	
  DESIGN	
  SPES	
  RFQ-­‐COOLER	
  
(OPERA	
  code)	
  

INJECTION	
  RFQ	
  EXTRACTION	
  

EURISOL	
  Town	
  Mee/ng,	
  LISBOA,	
  15-­‐18	
  October	
  2012	
   19	
  



Emigance	
  reduc@on	
  factor	
  of	
  10	
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  SPES	
  RFQ	
  Beam	
  Cooler	
  parameters	
  

Mass	
  Range	
   9-­‐200	
  amu	
  

Transverse	
  Emigance	
  Injected	
  beam	
  	
   30	
  π	
  mm	
  mrad	
  @	
  40	
  keV	
  
0.024	
  π	
  mm	
  mrad	
  norm.	
  

Emigance	
  Reduc@on	
  factor	
  	
   10	
  (max)	
  

Beam	
  Intensity	
   50-­‐100	
  nA	
  	
  à	
  x1011	
  pps	
  

Energy	
  spread	
   <	
  5	
  eV	
  

RF	
  Voltage	
  range	
   0.5	
  –	
  2.5	
  kV	
  (1	
  kV	
  at	
  q=0.25)	
  

RF	
  Frequency	
  range	
   1	
  -­‐30	
  MHz	
  	
  (	
  3.5	
  –	
  15	
  MHz	
  at	
  q=0.25)	
  

RFQ	
  gap	
  radius	
  (ro)	
   4	
  mm	
  

RFQ	
  Length	
  (total)	
   700	
  mm	
  

Pressure	
  Buffer	
  Gas	
  (He)	
  range	
   0.1	
  –	
  2.5	
  Pa	
  

Ion	
  energy	
  during	
  the	
  cooling	
   100	
  -­‐200	
  eV	
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Cyclotron	
  
70	
  MeV,	
  50	
  kW	
  

40	
  MeV,	
  8	
  kW	
  
Proton	
  beam	
  	
  

Produc@on	
  
target	
  2	
  

Produc@on	
  
target	
  1	
  

RFQ	
  
Cooler	
  

HRMS	
  
1/40000	
  

Performances	
  of	
  the	
  Beam	
  Cooler	
  depends	
  also	
  by	
  
the	
  beam	
  intensity	
  injected	
  



Total	
  Length	
  24.7	
  m	
  

Total	
  Length	
  24.7	
  m	
  

Y	
  max.=±	
  30	
  mm	
  	
  	
  	
  

X	
  max.=±	
  30	
  mm	
  	
  	
  	
  

Wien	
  
Filter	
   The	
  

Wall	
  

Bending	
  
60°+30°	
  

Bending	
  
90°	
  

Design	
  of	
  the	
  beam	
  transport	
  line	
  up	
  to	
  the	
  Beam	
  Cooler	
  
Gios	
  simula/on,	
  3°	
  order	
  in	
  x	
  and	
  y	
  included,	
  	
  

emiiance=39	
  π	
  mm.mrad	
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Total	
  Length	
  24.7	
  m	
  

Total	
  Length	
  24.7	
  m	
  X	
  max.=±	
  30	
  mm	
  	
  	
  	
  

M/Δm=250	
  

Wien	
  
Filter	
   The	
  

Wall	
  

Bending	
  
60°+30°	
  

M/Δm=100	
  

Wall	
  

Despite	
  the	
  bending	
  
radii	
  of	
  dipoles	
  are	
  
now	
  50	
  cm,	
  we	
  
achieved	
  a	
  good	
  
mass	
  resolu/on	
  

Bending	
  
90°	
  

Cryogenic	
  traps	
  for	
  
neutral	
  gas	
  

Purifica/on	
  of	
  the	
  beam	
  injected	
  in	
  the	
  Beam	
  Cooler	
  	
  
Gios	
  simula/on,	
  3°	
  order	
  in	
  x	
  and	
  y	
  included,	
  	
  

emiiance=39	
  π	
  mm.mrad	
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Total	
  Length	
  24.7	
  m	
  X	
  max.=±	
  30	
  mm	
  	
  	
  	
  

Wien	
  
Filter	
   The	
  

Wall	
  

Bending	
  
60°+30°	
   Wall	
   Bending	
  

90°	
  

25	
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M/Δm=333	
  

M/Δm=250	
  

M/Δm=333	
  
50%	
  of	
  

contaminants	
  

M/Δm=250	
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Beam	
  energy	
  260	
  keV,	
  	
  
(X,X’)	
  emigance=1.5	
  π	
  mm.mrad	
  à	
  3.4	
  π	
  mm.mrad	
  @	
  50	
  keV	
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Beam	
  energy	
  260	
  keV,	
  beam	
  size	
  at	
  entrance	
  slit	
  	
  1	
  mm,	
  	
  	
  
(X,X’)	
  emigance=1.5	
  π	
  mm.mrad	
  à	
  3.4	
  π	
  mm.mrad	
  @	
  50	
  keV	
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Beam	
  energy	
  260	
  keV,	
  Beam	
  size	
  at	
  entrance	
  slit	
  	
  0.5	
  mm,	
  	
  
(X,X’)	
  emigance=1.5	
  π	
  mm.mrad	
  à	
  3.4	
  π	
  mm.mrad	
  @	
  50	
  keV	
  	
  

	
  
ΔE	
  

	
  ±1.5eV	
  
M/ΔM	
  
40.000	
  

M/ΔM	
  
60.000	
  
ΔE	
  

	
  ±0.5eV	
  

SPES	
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Plates to correct the voltage ripple 
of the H.V. platform 

20	
  cm	
  

	
  Plates	
  gap	
  6	
  cm,	
  
±	
  	
  750	
  V	
  to	
  correct	
  	
  
±	
  5	
  V	
  planorm	
  ripple	
  

10	
  cm	
  

Ac@ve	
  compensa@on	
  of	
  H.V.	
  Planorm	
  fluctua@on	
  

Typical voltage fluctuation 
frequency 200-300 Hz, 

<<10kHz 
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Program of activity to complete the HRMS design:                                                                                       
 

- Complete the study using COSY infinity code, to minimize                   
the 5th order aberrations; 

              
 
 
 
 

-  Simulation with 3D electromagnetic code of the electrostatic 
quadrupoles and of the magnetic dipoles and their optimization; 

                       
 
 
 

-  Perform raytracing of particles across the simulated magnetic and 
electric field maps to verify the expected performances and possible 

countermeasures (shimming of the dipoles, surface coils …); 

                      
 
 
 
 
 
 
 
 
 
 
 

-  Simulations of position imperfections and active/passive        
corrections tools; 
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Conclusions: 
 

-  SPES HRMS could be the first HRMS with resolving power 40.000 
in operation before Eurisol; 

 
-  The performances of HRMS depends not only by its parameters but 

also and probably mainly by the Beam Cooler performances; 
 

-  We have to learn a lot about the problems to operate this new class 
of HRMS and the platform voltage could mitigate the problems; 


