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Gas catchers for radioactive ion beam research

Mark Huyse, K.U.Leuven
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Alternative Target-Ion Source Schemes
Could gas be a good catcher/storage/transport device for radioactive ions?

Ni in 500 mbar He gas Ni in 500 mbar Ar gas

gas catcher
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stable radioactive

target

Electronic Stopping through Ion/ electron pair creation

Ion dE/dx dE/dx Projected Longitudinal Lateral
Energy Elec. Nuclear Range Straggling Straggling

500 31.2 0.0156 1.48 m 47 mm 7 mm

Ion dE/dx dE/dx Projected Longitudinal Lateral
Energy Elec. Nuclear Range Straggling Straggling

500 18.3 0.0118 0.27 m 8 mm 4.5 mm

Mean Ion. Pot.  #I/e pairs per MeV Mean Ion. Pot.          #I/e pairs per MeV
41 eV 24390           26 eV 38461

=
thin target

large volume
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Alternative Target-Ion Source Schemes
Could gas be a good catcher/storage/transport device for radioactive ions?

ion storage
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+1 +1 
stable radioactive

Charge reset only till 1+

First Ionization energy   

24.587 eV

15.759 eV
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Alternative Target-Ion Source Schemes

Viscous flow: conductance of an aperture

transport

Could gas be a good catcher/storage/transport device for radioactive ions?

gas inletgas inlet

gas outletgas outlet

+1+1
2

2

0.45 , 0.5 0.112

0.14 , 0.5 0.035

He a He

Ar a Ar

C mm for mm Cs s

C mm for mm Cs s

φ

φ

⎡ ⎤= × ⇒ =⎣ ⎦
⎡ ⎤= × ⇒ =⎣ ⎦

l l

l l

Big pumps are needed!

v Eμ=
rr

Electrical fields: mobility
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1981-1985 IGISOL for light ions: Jyväskylä

100 mbar 10-4 mbar 10-6 mbar

Volume 1 cm3

1 μA 20 MeV p
εextracted/stopped ~ 5%
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1987 IGISOL for heavy ions: Leuven

Volume 8.5 cm3

1 μA 210 MeV 16O
εextracted/stopped ~ 0.03%
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Fast chemistry in the gas cell
Buffer gas ions

He+ + e- + He => He + He
(1.67 x 10-7 cm3/s in 500 mbar He)
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2nQ
dt
dn ⋅−= α

Q = ion/e pair production per cm3 and per s
α = recombination coefficient (cm3/s)

Trace ions
Three-body recombination Ni+ + e- + He => Ni + He

Interactions with impurities Ni+ + M => Ni +M*  

Ni +M* + He => NiM+ + He

NiM+ + e- => Ni + M

0.232.3 10-104.4 104Ar

0.22.0 10-101.4 105He

τ(imp.)
(s)

τ
(s)

vav

(cm/s)
Gas

(normal conditions) - avoid creation of e-

- collect e-

- impurities @ ppb level
- laser ionization
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1988 Coupling to Recoil Separator: Tokyo

Volume 35 cm3

2 μA 38 MeV α
εextracted/stopped ~ 6 %
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1993 Proposal to use RF rods instead of skimmer : Tokyo

Problems with the 
traditional skimmer
- vacuum
- poor beam quality
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1997 SPIG at on-line separator: Leuven

• improved transmission
• improved emittance
• reduced energy spread
• possibility to bunch
• crack sidebands
• Laser Ion Source Trap 
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1994 Laser Ion Source in gas cell: Leuven

Volume 10 cm3

~ μA 27 MeV 3He
εextracted/stopped ~ 5 %
Selectivity ~ 100

lasers
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Detailed studies of effect of impurities in a gas cell become possible
OFF LINE NIMB179 (2001) 412-435

filament

lasersgas

[H2O] ~ ppb0.000

0.010

0.020

0.030

0.00 0.01 0.02 0.03 0.04

purified Ar
Ni

NiW2

NiArW

NiW

NiW3

NiAr

NiAr2

s

. Ni is continuously evaporated from a filament

. One laser pulse is given

. Time profile at different masses is recorded
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Detailed studies of ions and atoms in a gas cell become possible
ON LINE NIMB226 (2004) 401-418

Ar gas

1,E-04

1,E-03

1,E-02

1,E-01

1,E+00

-0,2 0,6 1,4 2,2 3,0

Time (s)
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58Ni off-resonance

58Ni on-resonance

40Ar

Cyclotron pulse

0

Some observations
- less than 0.1 % Ni 
ions survive, others 
neutralized
- laser re-ionization up 
to 10%
- 40Ar immediately 
present
- but fast and effective 
recombination

58Ni

0.1 ppA 

10 pnA

lasers

. Ni is shot in with a short cyclotron pulse

. Time profile at different masses is recorded

. Comparison between lasers on / off
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Element dependence

The efficiency is element and intensity dependent The efficiency is element and intensity dependent 
as well for laser ions as for surviving ionsas well for laser ions as for surviving ions

4.23 min92Tc

52 min94Tc (2+)

3.65 min92Ru

51.8 min94Ru

5.02 min95Rh
TT1/21/2IsotopeIsotope
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Chemistry in the gas cell

102NbO2
++

94SrAr++94YAr++

30 MeV p on 238U



ISOLDE workshop Feb 2006 16

Electrical fields in the gas cell gas inletgas inlet

gas outletgas outlet
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. electrons collected

. ions can be guided

. but be aware of space charge
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1997 DC fields in the gas cell:  Mainz and Leuven

Guiding ions

Removing unwanted ions
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1998 RF and DC fields in gas cell: Tokyo

(1) to prevent neutralization of ions by collisions on the wall
(2) to speed up transport time



ISOLDE workshop Feb 2006 19

Canadian Penning Trap @ Argonne Savard

100 cm

30 cm
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Space-charge problems
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−= VolumeQfI ICIC ⋅×=S.Palestini, NIM A421 (1999)75.
O.Poujade, NIM A433 (1999)673.

Space Charge Limit Space Charge Limit –– Field at the anode = 0Field at the anode = 0

The space charge effects introduce limitations on the charge The space charge effects introduce limitations on the charge 
collection in a gas cell for RIB production collection in a gas cell for RIB production formation of field formation of field 
free zones at high ionization rates.free zones at high ionization rates.

0
ss
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Measurements @ Leuven (NIMB226 (2004) 401-418) 

58Ni

Ar @ 500mbar

The theoretical formalism applied for ionization The theoretical formalism applied for ionization 
chambers works for a drift gas cell!chambers works for a drift gas cell!

Q Q ≅≅ 5 5 xx 10101010 cmcm--33ss--11

Space Charge LimitSpace Charge Limit
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NIMB187 (2002) 535 

Q Q ≅≅ 5 5 xx 10101010 cmcm--33ss--11 Space Charge LimitSpace Charge Limit
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Where and how are gas cells used?

Injection in precision devices (cooled beams)
Mass measurements Resonant laser ionization Hyperfine interactions
-CPT, Argonne, USA -Mainz, Germany -RIKEN, Japan
-LEBIT, Michigan, USA -Jyvaskyla, Finland
-SHIPTRAP, GSI, Germany
-JYFLTRAP, Jyvaskyla, Finland
-MAFFTRAP, Muenchen, Germany

Injection in mass separators (~ 60 kV)
-IGISOL, Jyvaskyla, Finland
-LISOL, Leuven, Belgium
-Warsaw, Poland

Proposed for new generation of Radioactive Ion Beams
-RIA prototype tested at GSI, Germany

Coupled to a 252Cf source
- 0.5 mCi Argonne, Leuven
- 1 Ci Argonne



ISOLDE workshop Feb 2006 24

Conclusions and outlook

Gas catchers are big (from cm3 they grew to m3 )
Gas catchers are pure (ppb)
Gas catchers are electrified (DC and RF)
Gas catchers are alighted (Lasers)
Gas catchers are easy ( to couple to a variety of instruments (traps, mass separators))

Gas catchers can be efficient (up to 40%)
Gas catchers can be fast ( in the 10 ms range)
Gas catchers can be selective (after fragment separator or by using selective laser 
ionization)

Gas catchers can be intensity-limited
Gas catchers can be element-dependent
Gas catchers can be radiation-sensitive
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Tests @ GSI 
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LEBIT @ NSCL/MSU
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1989 Laser spectroscopy in gas cell: Stony Brook
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1992 Resonance Ionization spectroscopy in gas cell: Mainz
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RIKEN

Volume 35 cm3

2 μA 64 MeV 8Li
εextracted/stopped ~ 33 %

8 AMeV

2 m

φ = 0.8 m
133 mbar He
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SHIPTRAP

2700 152Er/s in de gascel, 32 MeV aan het venster geeft een 4 MeV in het gas
5.9 ppA (3.7 10^7)107Ag , 23 MeV aan het venster 1.8 mg/cm^2 Ti  geeft 3 MeV in het gas
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SHIPTRAP
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Measurements @ Leuven (NIMB226 (2004) 401-418) 
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Measurements @ Leuven (NIMB226 (2004) 401-418) 

Lasers ON
Lasers OFF

S =

S = 1S = 1 No laser produced Ni ions.No laser produced Ni ions.
No Ni atoms available for ionization.No Ni atoms available for ionization.
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Measurements @ Leuven (NIMB226 (2004) 401-418) 

Lasers ON
Lasers OFF

S =

Mass separator+SPIG:Mass separator+SPIG: 44%44%
Ni in Ni in metastablemetastable state:state: 30%30%
Diffusion losses:Diffusion losses: 40%40%Lo

ss
es

Lo
ss

es

εεLISLIS ≅≅ 42%42%
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Measurements @ Leuven (NIMB226 (2004) 401-418) 

Recombination of laser produced Ni ions becomes important.Recombination of laser produced Ni ions becomes important.
=> Higher repetition rate lasers!=> Higher repetition rate lasers!

N
ot understood!

N
ot understood!


