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Alternative Target-1on Sour ce Schemes
Could gas be a good catcher/stor age/transport device for radioactive ions?

=
ere§ geo eOO

gas catcher

stable radioactive

) | )

tar get

P

thin target

Electronic Stopping through Ion/ electron pair creation

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

lon dE/dx dE/dx | Projected |Longitudinal| Lateral lon dE/dx dE/dx |Projected [Longitudinal |Lateral
Energy Elec. Nuclear Straggling | Straggling| Energy Elec. Nuclear |R Straggling [Straggling
500 31.2 0.0156 ({1.48m )| 47 mm 7 mm 500 18.3 0.0118 0.27m 8 mm 4.5 mm
" ”®
Mean lon. Pot. #l/e pairs per MeV Mean lon. Pot. #l/e pairs per MeV
41 eV 24390 26 eV 38461
lar ge volume

| SOL DE workshop Feb 2006 2



Alternative Target-1on Sour ce Schemes
Could gas be a good catcher/stor age/transport device for radioactive ions?

stable radioactive eQocly £ eoeoO

lon storage

Chargereset only till 1*

First lonization ener gy
24.587 eV

15.759 eV

| SOL DE workshop Feb 2006 3



Alternative Target-1on Sour ce Schemes
Could gas be a good catcher/stor age/transport device for radioactive ions?

l transport

gas inlet

Viscous flow: conductance of an aperture

¢

C.o =045x¢2| &/, mm|  for 05mm = G, =0112%/
C, =0.14x¢2| ¥ ,nm|  for 05mm = C, =0085Y/
Big pumps ar e needed!
; Electrical fields: mobility

gas outlet V=uk
E V- v(He+)
(V/iem) (cm/s) (cm/s)
10 5.50E+04 1.02E+02
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1981-1985 I GISOL for light ions. Jyvaskyla

VOLUME 54, NUMBER 2 PHYSICAL REVIEW LETTERS 14 JANUARY 1983

Submillisecond On-Line Mass Separation of Nonvolatile Radioactive Elements:
An Application of Charge Exchange and Thermalization Processes
of Primary Recoil lons in Helium

1. Arje, 1. Aystd,"™ H. Hyvonen, P. Taskinen, V. Koponen, and J. Honkanen
Department of Physics, University aof fyvaskyld, SF-40000 Seviskpld, Finland

and

A. Hautojirvi and K. Vierinen
Department of Physics, University of Helsinki, SF-001 70 Helsinki, Finland
(Received 17 September 1984)

Transportation of thermalized primary
investigated as a means of injecting sho
tor. Several short-lived radioactive isol
W have been separated. The efficiency
and 10%. The shortest-lived activity ide
in *Bi.
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1987 1GISOL for heavy ions. Leuven

.Nu,;;le;lf ipstrurmnents and Methods in Physics Research B26 (1987) 399-405 100
:;\:m'th-l'[\-‘lmnd' Amsterdam
LIGISOL: THE LEUVEN ION GUIDE 1SOTOPE SEPARATOR ON-LINE
K DENEFFE, B. BRIJS *, E. COENEN, I. GENTENS, M. HUYSE, P. VAN DUPPEN
-nd D. WOUTERS
natitau V00T Kern- en Ntralimgsfvsika, Katholieke Universitert Leuven, Celestijnenfaan 200 L, §-3030 Feuven, Belvium
The development of a new ion-guide facility for mass separation operating on-line with a heavy-ion accelerator is described. T
Different aspects related to the iomisation principle for reaction products with ligh recoil energes are discussed. Tt s proven that this
im_gmdg technique can be developed further o become one of the most general separation techmigques, independent from physical i
(hadf-life, recoil energy,. .. ) or chemical {refractoriness.... ) characteristics. |

Volume 8.5 cm3 v——- -----
1 uA 210 MeV 0 2
Eextractedistopped ~ 0-03% 7O




Fast chemistry in the gascell

Buffer gasions

Q =ion/e pair production per cm3and per s
o. = recombination coefficient (cmd/s)

Traceions
Three-body recombination

| nteractions with impurities

Het &)+ He=> He + He
(1.67 x 107 cm3/sin 500 mbar He)

Ni* He)+ He=> Ni + He

Nit+ M =>Ni *M"

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

Gas vy, T t(imp.)
(normal conditions) (cm/s) (s) ()

He 1.4 10° 2.0 1010 0.2

Ar 4.4 104 2.31010 0.23
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bNilw He)=>Ni + M

- avoid creation of e
- collect e
- impurities @ ppb level
- laser ionization
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1988 Coupling to Recoil Separ ator

Wuclenr Instruments and Methods in Phyvsics Rescarch A269 (198E) 23-28
Maorth-Hollasd, Amsterdsm

AN TON-GUIDE TECHNIQUE FOR ON-LINE ISOTOPE SEPARATION COUPLED
WITH A RECOIL-TYPE BEAM SEPARATOR

T. NOMURA, I TANARKA, M. OYAIDZLU, Y. IWATA and N, IKEDA
Tnsuvune for Muckear Snady, Uinipersine of Tokye, Tamachs, Tolgw, 88 Japar

K. VALLL * and K. MORITA

Oveloreom Labovarory, The fasiine of Phawical and Chemical Rewrarck, Wako, Swifere, 25 Japos
Y. NAGAL T, TORIY AMA, ¥. MURAKAMI Y. TORII and 8. HARALA
Dupartment o Appiied Piysics, Tokyo Incime af Technology, (hokayamo, Megurs, Folopo, 152 Japms

Reeceived 12 November 1987

The efficiency of an ion-guide isotope separator on-line has beer showm Lo increase 1o a gran extenl when ondy nuclear reaction
products of mierest are gaided ineo a gas region of the ion-gakde sysiem after separating them from beam particles wing a gas-filled
ezl beam separator, An effective volume Fo the present onsguide system is karger thao i wsoal, indicating Uhal this mithaod 15 very
effective in heavy=iom reachions Vickbing lngh sooos] velsties Tor reaction prodocts

Tokyo
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1993 Proposal to use RF rodsinstead of skimmer : Tokyo

muchenr Irstrominis amd Merhods in Phosics Besarch A 333 (193174181

Mirrth-Halland

A new cooling and focusing device for ion guide

NS TR A
E!E'I"Iﬂ::;s
1N PHY SIS

iy T

Hong Jie Xu ', Michiharu Wada, Jinichi Tanaka, Hirokane Kawakami and Ichiro Katayama
Instiinfe for Neckaar Stway, the Umiversity of Todvo, Tono, Tidve T8 Jpae

Shunsuke Crhtamni
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Problems with the
traditional skimmer
- vacuum

- poor beam quality



1997 SPI G at on-

Muclear Instruments and Methods in Physics Besearch B 126 (1907 194-197

NIMB

line separator: Leuven

T3 : ..
: e —— ° Improved transmission
with Materials & Atoms
ELEEVIER

The SPIG, improvement of the efficiency and beam quality
of an ion-guide based on-line isotope separator

P. Van den Bergh °, 8. Franchoo, J. Gentens, M. Huyse, Yu.A. Kudryavtsev, A. Piechaczek,
R. Raabe, 1. Reusen, P. Van Duppen, L. Vermeeren, A. Whr

Irstitwas voor Kern- en Stralingsfesica, Universiry of Leuven, Celestifnenlaan 200 0, B-3007 Lewven, |

 Improved emittance

* reduced energy spread
e possibility to bunch

o crack sidebands
 Laser lon Source Trap

a) 14E-08 ———
: Ti*
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1994 L aser lon Sourcein gascell: Leuven

VOLUME 73, NUMBER 14 PHYSICAI REVIEW 1LLETTERS 3 OcTorer 1994

An On-Line Laser Ion Source Based on Resonance Photoionization in a Gas Cell

L. Vermeeren, N. Bijnens, M. Huyse, Y. A. Kudryavtsev,* P. Van Duppen,” and J. Wauters
Instituut voor Kern= en Stralingsfvsika, K.U. Leuven, Celestijnenilaan 200 D), B-3001 Lewven, Belgium

Z.N. Qambhieh, P. Thoen, E. Vandeweert, and R. E. Silverans

Laboratorium voor Vaste Stof-fysika en Magnetisme, K.U. Leuven, Celestijnenlaan 200 D, B-3001 Leuven, Belgium
(Received 9 March 1994)

First results obtained with a new type of on-line laser ion source based on resonant photoionization
in a buffer gas cell are presented. The main advantages of this new target-ion-source system are its
high efficiency, its selectivity, its short delay time, and its universality, This is demonstrated with the
production of an isotopically and isobarically pure beam of *'Ni {75, =~ 200 ms).

Volume 10 cm3 | . S
~ 1A 27 MeV 3He

8extracte_ol/s‘_copped ~3%
Selectivity ~ 100

0
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Detailed studies of effect of impuritiesin a gas cell become possible

OFF LINE NIMB179 (2001) 412-435

. Ni is continuously evaporated from afilament
. Onelaser pulseisgiven
. Time profile at different masses is recorded

Obu 001 002 003 0.04
S
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B\ = lasers
; F/I filament
= E i
= 7
g |
[H,O] ~ ppb
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Detailed studies of ionsand atomsin a gas cell become possible

ON LINE NIMB226 (2004) 401-418 s e lasers
. Ni is shot in with a short cyclotron pulse =
. Time profile at different massesis recorded SNi [ =
- E———————
. Comparison between lasers on / off 7
0.1 ppA
= Cyclotron pulse l
10 pnA
—~ 1,E+00
% 40A 1
> ﬂ |
z LEOL °8Ni on-resonance
Some observations J
- lessthan 0.1 % Ni 1,E-02
ions survive, others "“‘\j
neutralized | 03 |
- laser re-ionization up ™ me
to 10% :
- 9Ar immediately 1,E-04 ‘ ‘ ‘
present 0, 0 0,6 1,4 2,2 3,0

- but fast and effective
. . | SOLDE workshop Feb 2006 . 13
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Element dependence

95
Laserson "Rh

94

TCA\A\J.

Lasers on — Ru -
selectivity Rh = 22

selectivity Ru = 11

o)
“Rh - Lasers off

0

“Ru - Lasers off

| sotope Ty
%Rh 5.02 min L
%Ry 51.8 min '
2Ru 3.65min g 107 5
“Tc (2+) 52 min %
2Tc 4.23 min 10°
10
10

10

10

g

“Ar Beam current on target (pps)

The efficiency Is element and intensity dependent

aswell for laser ions as for surviving ions
| SOLDE workshop Feb 2006




Chemistry in the gas cell
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Electrical fieldsin the gascell

. electrons collected

. ions can be guided

. but be aware of space charge

gas inlet

|

gas outlet ‘

| SOLDE workshop Feb 2006
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1997 DC fieldsin thegascell: Mainz and L euven

Muclear Instnoments and Methods in Physics Research B 126 (1997 ) 406400

NN -}
Beam Interactions
with Materials & Atoms

ELSEVIER
A compact apparatus for mass selective resonance ionization
spectroscopy in a buffer gas cell

H. Backe®, K. Eberhardt®, R. Feldmann®, M. Hies**, H. Kunz®, W. Lauth*, R. Martin®,
H. Schipe?, P. Schwamb?®, M. Sewtz?, P. Thirle®, N. Trautmann®, S. Zauner®

* fextitat fiir Phystk oad festitat (@ Kernphvai, Universidl Mainz, 55009 Moinz Gerouny
b Tnstitut fiir Kerncherrie. Univermidt Mamz, 33098 Maiaz Germany

]\g:l Muclear Inseraments and Methods in Physics Rescach B 126 (1937151 -84 == —
[ ﬁ‘ n
| NIV B
r| Beam intersctions
= weith Materisls & Aoms
ELSEVIER

Mono-isotopic beams of exotic nuclei produced by a universal on-line
laser ion source
L. Vermeeren ', A. Andreyev, N. Bijnens, J. Breitenbach, 5. Franchoo, J. Gentens, M.

Huyse, Yu.A. Kudryavtsev, A. Piechaczek, 1. Reusen, P. Van den Bergh, P. Van Duppen,
AL Woehr

Tawtitued powe Kerme en Stralimgrfyrica. aicersiey of Leaven. Celesiimeaivean 200 0. B 2000 Leuver. Selgium
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Guiding ions

Removing unwanted ions
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1998 RF and DC fieldsin gascell: Tokyo

[Hyperfine Interactions 115 (1998} 165170 65
Cyclotron ion guide for energetic radioactive nuclear ions

I. Katayama®®, M. Wada®, H. Kawakami®, J. Tanaka® and K. Noda®

TONS, University of Tokvo, Midoricho 3-2-1, Tenashi, Tokvo 188, Japan
"KEK, Tanashi Branchi, Midoricho 3-2-1, Tanashi, Tokyo 138, Japan
CINRS, dnagava 4491, Inage, Chite 263, Japan

A new jon guide, with an additional function having an infinite gas thickness by using
a strong magnetic feld, is proposed, which enables us o stop enereetic radioactive nuclear
ion= in e gas. The stopped singly charged ions, guided in a de field with a focusing force
senerated by an rf field in the gas, are extracted with a SPIG (sestupole of ion guide ) of a
focusing device For a spectroseopic stiudy of mdioactive nucle,

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

| SOLDE workshop Feb 2006




Canadian Penning Trap @ Argonne Savard

Anme Bev, Mucl Part. Scic 20000 5001 [49-52
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G. Werth

Fuxeirar fiie Phvsik, Cniversiegs Maioz, Stawdingerweg 7, 35000 Mainz, Germany; e-mail;

werthi neail suni-mainz.de
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“ Hvperine lnrevactions 1323 223-230, 2001, 13 100 Cm

& 20 Khewer Academic Publishers, Printed in the Netherlands,

The Canadian Penning Trap Spectrometer at
Argonne

(. SAVARD'*, R. C. BARBER?, C. BOUDREAU® FE. BUCHINGER?,
1. CAGGIANO!, ], CLARKZ, 1. E. CRAWFORD?, H. FUKUTANI?,
S. GULICK?®. J. C. HARDY*, A. HEINZ", J. K. P LEF*. R. B. MOORE?,

K. S, SHARMAZ I SCHWARTZ'. D. SEWERYNIAK', G. [, SPROUSE® and
T a7l
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Space-char ge problems
Space Charge Limit — Field at the anode =0

=+

E A
Q °
3 V
_ O Q2
V
Q
U..= 1000 p, E,
d,0 >
T d
0 0
S Palestini, NIM A421 (1999)75. —S _ ,
O.Poujade, NIM A433 (1999)673. fo= & —> lc = f,cxQ-Volume

The space charge effects introduce limitations on the charge

collection in agas cell for RIB production = formation of field
free zones at high ionization rates.



M easurements @ Leuven (NIMB226 (2004) 401-418)

Q (pairsic mas]
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*Ni Beam current {pps)

The theoretical formalism applied for ionization

chambers works for a drift gas cell!
| SOLDE workshop Feb 2006 21



NI M B187 (2002) 535

Intensity limitations of a gas cell for stopping, storing

and guiding of radioactive 1ons

Q=5x10%cm=3s!t Space

Charge Limit

Table 6
The number of 1on-¢lectron pairs created per e and per s in a gas cell by the passage of different beams
Case Incoming beam Crus Qi# ion-electron em™ s71)
1 1 nA 200 MeV “Ar 0.5 atm Ar 2.6 x 10
2 5.6 % 10® fission-fragments per s (induced by 1 pA 30 MeV protons) 0.5 atm Ar 5.1 % 10"
3 5.5 2 Am per s (induced by 5 pA d) 0.04 atm Ar 2.6 10°
4 10° = 65 MeV Po 0.5 atm He 1.3 x 107
5 10% % 650 MeV Rh 0.5 atm He 1.6 % 10%

The dimensions of the gas cell have been adapted to the reactions. The p-induced fission relates to the work at Leuven [12] and
Jyviisk yld [20] where the primary beam is shielded from the gas cell with a thin foil. The **™Am refers to the work of Mainz [21], also
here the primary beam s not entering the gas cell. The example of the 65 MeV Po beam 1s illustrative for radioactive beams produced in
heavy-ion fusion reactions and separated in-flight from the primary beam. The so-called SHIPTRAP project [22] is now coupling a
drift gas cell to the SHIP velocity separator. Case 5 describes the parameters for a gas cell coupled to a heavy-ion fragment separator in
order to produce intense radioactive 1on beams [23].

| SOLDE workshop Feb 2006
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Where and how are gas cells used?

I njection in precision devices (cooled beams)

Mass measurements Resonant laser ionization
-CPT, Argonne, USA -Mainz, Germany
-LEBIT, Michigan, USA -Jyvaskyla, Finland

-SHIPTRAP, GSI, Germany
-JYFLTRAP, Jyvaskyla, Finland
-MAFFTRAP, Muenchen, Germany

| njection in mass separators (~ 60 kV)
-IGISOL, Jyvaskyla, Finland

-LISOL, Leuven, Belgium

-Warsaw, Poland

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

Coupled to a 2*°Cf source
- 0.5 mCi Argonne, Leuven

- 1 Ci Argonne
| SOLDE workshop Feb 2006

Hyperfine interactions

-RIKEN, Japan
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Conclusions and outlook

Gas catchers are big (from cm? 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
lonization)

Gas catchers can be intensity-limited
Gas catchers can be element-dependent
Gas catchers can be radiation-sensitive

| SOL DE workshop Feb 2006 24
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Tests @ GSI Remote control.




LEBIT @ NSCL/M SU

&;l:[ Available online at www.sciencedirect.com —
e
= % ncltucl@nmlcro NHM B
bt Beam interactions
= with Materials & Atoms
ELSEVIER Nugclear Instruments and Methods in Physics Research B 204 (2003) 507511

www.elsevier.com/locate/nimb

The low-energy-beam and ion-trap facility at NSCL/MSU ™

S. Schwarz **, G. Bollen #, D. Lawton *, P. Lofy ®, D.J. Morrissey °, J. Ottarson ?,
R. Ringle ?, P. Schury ®, T. Sun , V. Varentsov °, L. Weissman *

P NSCLIMSU, South Shaw Lane, Fasi Lansing, MI 48824, USA
b V.G Khiopin Radum Instituie, 194021 St Petersburg, Russia

Abstract

The goal of the low-energv-heam and ion-tran (LEBIT) nroiect is to convert the high-enerev exotic beams nroduced
at NSCL,

peogram Gas cell RFQ 1 RFQ2

isotopes
1esls rang
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1989 L aser spectroscopy in gas cell: Stony Brook

VOLUME 63, NUMBER 14 PHYSICAL REVIEW LETTERS 2 OCTOBER 1989

Laser Spectroscopy of Light Yb Isotopes On-Line in a Cooled Gas Cell

G. D. Sprouse, J. Das, T. Lauritsen, J. Schecker, A. Berger, J. Billowes, @) . H. Holbrow, '’
H.-E. Mahnke, "’ and S. L. Rolston ¥

Department of Physics, Srare University of New York, Stony Brook, Stony Brook, New York 11794
(Received 19 July 1989; revised manuscript received 7 September 1989)

A gas-filled, liguid-nitrogen—cooled cell on-line with an accelerator permits a fluorescence spectrosco-
py of atoms of heavy-ion reaction products generated at rates less than 10? s~ This low required rate
of production allows the optical spectroscopy of radioactive atoms to be extended further from stability.
With the cell we have measured isotope shifts of 3213156158166y} reqching N =82, four nuclides fur-
ther than previously reached with other technigques. The change in rms charge radius near the shell clo-
gure iz enraricinelv laros

PHOTOMULTIPLIER

INNER CELL
- (T=100°K)

— LASER BEAM

GAS CELL
WINDOW

REACTION

TARGET  propucTS 27



1992 Resonance | onization spectroscopy in gascell: Mainz

VOLUME 68, NUMBER 11 PHYSICAL REVIEW LETTERS 16 MARCH 1992

Resonance lonization Spectroscopy in a Buffer Gas Cell with Radioactive Decay Detection,
Demonstrated Using 2°*TI

W. Lauth, H. Backe, M. Dahlinger, 1. Klaft, P. Schwamb, and G. Schwickert

Instivut fiir Physik der Johannes Gutenberg=Universitdt,
Postfach 3980, D-65 Mainz, Federal Republic of Germany

N. Trautmann and U. Othmer

Insritur fiir Physik and Insting fiir Kernchemie der Johannes Gurenberg=Universitdr,
Postfach 3980, D-65 Mainz, Federal Republic of Germany
(Received 7 October 1991)

An ultrasensitive laser spectroscopic method has been developed to perform hyperfine spectroscopy of
heavy-ion-induced reaction products. It is based on resonance ionization in a buffer gas cell combined
with radioactive decay detection. The feasibility has been demonstrated using the f-active isotope “"TI.
A sensitivity of 1.3x 107" of the two-step resonance-ionization process via the n =17 Rydberg level has
been determined, utilizing a pulsed excimer-dye-laser combination. The previously unknown nuclear
magnetic moment g (*™T1) =0.292(13)px (ux is the nuclear magneton) and a rms radius difference be-
tween ™T1and 27T of 8(r?) =0.099(15) fm? were deduced from the 6p *P =75 1S transition.

| SOL DE workshop Feb 2006 28



RIKEN

RF carpet el
detector \ SR AN i Wi ol s Iy
i
SPIG B A . I
O = 0.8 m cylindrical
133 mbar He % electrodes
2m
Volume 35 cm3
2 uA 64 MeV 8Lj
8extracted/s:topped ~33%
| SOLDE workshop Feb 2006
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SHIPTRAP

SHIPTRAP gas cell

CPT gas catcher

Absclute efficiency ~4-8% -
Extraction efficiency ~23-32% ~40—45%
Dimensions A2cmx25om 25 cmxBom
Stopping volume 18cmx18cm ~18cmx7.5¢cm
Entrance window 1.8mglent Ti 1.9 mg/cm? HAVAR
Funnel plates: 1Tmm ~0.3mm
W thickness/distance
Diameter of the nozzle 0.6 mm 1.7 mm

throat

1 RF voltage at funnel
| DC fields

200V pp @ BO0kHz
~5—-10%/cm

~180Wp @ 900kHz
~20%/cm

Buffer-gas pressure

~50mbar He

~150—-200mbar He

Typical stopped and
extracted isotopes

RF (+ DC) funnel

2700 152Er/sin de gascel, 32 MeV_aan het venster

5.9 ppA (3.7 10°7)107Ag , 23 MV Zan Nt v aner

’IU.I'AQ:
stable beam (23 MeV)

152Er.

1215h(%¢l (150 MeV),4n)
Megn*ar (168 MeV),4n)

T41-T42,1 4.I'B q°
143-149La:
1451471 49.151':3:
149-151F’r:

2320f fission source

%B5e:
2o (8N (220 MeV),2n)

6458'

2C(**Fe (185 MeV).2n)

120cs:

Sou(®Ni (220 MeV),2p1n)

DC electrode

gef%een4MeVinhetgas 0
1.%0mg/cm’\2 Ti geeft 3MeV in Piet gas



SHIPTRAP

Ground state

216
120 —I\:-q!
g 170
g 150 \i\l
e 130 ‘\!
2 1
E
E 1' I
T .-\--______— —
'E‘ 1 T T 1 .
100 200 300 400 500
Time bin [seconds]

Literature: T,,(**C0)=89s
Experiment: 106 £ 20 s
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M easurements @ Leuven (NIMB226 (2004) 401-418)

e-ion pairs/ (um ion)

10°
1 A . *’Ni-Lasers ON
10 A § ° .t::. -
“Ar @o@ s b.,
107 A go 3"""
A ‘;b Y a®
oo 9
3 A
. 10 . Baoéb o
£ 10 . B
L A
= Ni-Lasers OFF
1000 5 F 1000 A ’
1uo~; L 100 A
A
101; ;rm E A A
1q 5_1 w; |_I'I'I'I'I'I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'|
"9 10° 10° 107 10° 107 10" 10
L B S ey O beam current (pps)
Ar (@ 500 mbar
0.01 0.01

0 5 10 15 20 25 30
Target depth (mm)
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M easurements @ Leuven (NIMB226 (2004) 401-418)

Efficiency

S=1

No laser produced Ni ions.
No Ni atoms available for ionization.

1

10"

10

__I'I'I'I'I'ITI]_I'I'I'I'HTI"_I'I'I'I'I'ITI"_I'I'I'I'HTI] |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'|
10

1

. **Ni-Lasers ON
0 g,
O e
A, : ‘s ‘.'.",'.5
oo
A
A 8{3 Oq}@ o
. 20 S Grongg?
4 Ni-Lasers OFF
7 3
Q

7 10

10? 10° 10* 10° 10° 10" 10° 10° 10" 10

Cyclotron beam current (pps)
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M easurements @ Leuven (NIMB226 (2004) 401-418)

Losses

Mass separator+SPIG: 44%
Ni in metastable state: 30%

Efficiency

) &5 =42%

0[U)iffus.ion losses: 40% l
V3

oo **
Ofo
107 4 A CC@@ =
A UO§3’ o
Fy o o} et 85
107 + A i
Ni-Lasers OFF
107 - A
g
107 - A
F
107" 4 A A

Ni-Lasers ON

10 T

T 10° 10" 10° 10° 10" 10° 10° 10°

10° 10° 10"

Cyclotron beam current (pps)
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Lasers ON

I'I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I'|
10

- Lasers OFF



M easurements @ Leuven (NIMB226 (2004) 401-418)

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

10° 5 |
i R *’Ni-Lasers ON
107" - " 0
40Ar
107 A, o
o)
B0 Z
107 4 A & o
1y A o0 (-
Q %@O pata .08ty
& TG B -
@ 10 3 A 58 .. o Q.
o Ni-Lasers OFF D
; _5 q
iy 10 3 A N )
o
107 - A =
. e
107" 4 K A
10 T

10" 10° 10" 10? 10° 10" 10° 10° 10" 10° 10° 10" 10"

Cyclotron beam current (pps)
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