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General Iayout of thelectur

This 1 hour lecture unfortunately can not be exhaustive

Structure of the lecture :

* Production of radioactive ion beams and specifities

e Some generic principles

e 3 case studies:
= Surface ion sources
» Forced Electron Beam Induced Arc Discharge ion sources
= ECR ion sources



Production of radioactive ion beams
and specifities

Some generic principles



TR

( f'. ot

World map of rad|0|sotope lon beam facilities*
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Flgure of merlt of a (ISOL) rad|0|sotope lon beam facility

Not sorted by order of importance:

Number of different radioisotopes beam available

Beam intensity (secondary radioactive ion beam/primary beam uC)
Beam quality, for instance purity and emittance ISOL

Facility up-time \ .

Stability of beam over time - - Isotope / isobar
(Post)Accelerated beam characteristics - separator

Projectile Fragmentation Thick, hot target

Production beam

Fragment separator

Thin production
target

Radioactive ion beam

Radioactive ion beam
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Plasma Extracted
\/\1[
~nA for Surface
~uA for FEBJAD
~mA Tor ECH Rt
varget oven |iramster line | lon seuree | Eitraction A \
] 1 I 7 " protossyr. 1 e “FE ESE R E=S2=
Leaks I —l Leaks I L Leaks I J Neutralsl l FERERZNSE
Release loss Condensatio Condensatio Sidebands 5o b
Decay loss Decay loss Decay loss  Multiply chargdd 3 R e e
E" IA ==f8s ’!‘LE%—:—;
] RESRmB=s W
lonize trace radioelements in larger&variable impurities loads N s

Figure 6. Cmmdwmmmndmwnummmwmm)m
irradiation (1020 protons).

Must be compact

Must withstand 1 MGy

Compatible with standard connections/interfaces
(high current, 3kV, Thermocouples, ...)
Example:

At CERN-ISOLDE, 1 production unit every 1-4 weeks |
At ISAC-TRIUMF, 1 production unit every 4-6 weeks
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Beams and 1on sources at CERN ISOLDE

Group 1] 2 3a]ls5]| 6] 7 8 9 10 [|11[[12([13]/14|[15]|16]/17] 18
_II.A 2A 3B ||4B | 5B 6B | 7B 8B 1B | 2B||3A| 4A | 5A GA_- 7A |8A
. . . . :PeriOd_ ! | Ion source: .
Figures of merit for a radioactive 1 | + [Surfacel| = 2
. . : L hot||Plasma |icool| — : baad
10N Source. 5 (3|2 P raer | sfleflz[s]o]z
Li | Be B C N (o] F || Ne
| 3 11 |[ 12 13|[1a|1s a6 27 [ 18
N . Na (Mg Al || Si P S Cl || Ar
Compat|b|||ty W|th Front End | 4 19 || 20 [21 |[22[23|[22a][25 | 26 || 27 || 28 | 20 [[30 [[31|[22 |[33 |32 |[ 35 | 36
. K || Ca Sc|Tij] v|Cr|Mnj Fe || Co Ni ||Cu||Zn|[Ga | Ge ||As |[Se | Br | Kr |
interfaces | s [[37][=8 39 [[a0ffar ][22 )43 4a || 25 |[ 46 | 27 |[28 ][40 |[ 50 || 51 |52 [[ 53 | 54
. . . ) Rb|| Sr Y || Zr |INb ||[Mo || Tc || Ru || Rh Pd ||Ag |[CA|In|Sn|Sb|Te| I | Xe|]
Integrat|0n N prOdUC“OH units ' 6 sslise| ., |Za|| 72|73 || 7a || 75| 76 || 77 || 78 || 7o || 80 |[82 || 82 |[83 || 84 || 85 || 86
. . . Cs ||Ba Lu |Hf ||Ta| W ||Re | Os Ir Pt ||Au ||Hg| Tl || Pb || Bi | Po || At ||Rn |
RObUStneSS N rad|at|0ns ' 7 87 |88 |, |103|104][105/ 106|107 108 || 109 || 110 [j111
_ Fr | Ra Lr | Rf Db Sg |[Bh | Hs || Mt || Ds |IRg

environment

57| 58 59| 60 | 61 62 63 64 65 |66 | 67 |68 | 69 || 70
La ||Ce || Pr | Nd|Pm| Sm || Eu Gd |Tb |Dy|Ho| Er |Tm| Yb

89 | 90|91 92| 93 94 95 96 97 || 98 || 99 ||100/101 || 102

* Lanthanides *

** Actinides |*% ,_ 1h [pa || U Np| Pu || Am || cm || Bk || Cf | Es ||[Fm |Md || No
e Operatlon in changing gas comp03|t|ons and
Ly Eer Contaminations
I — Maximal efficiencies for the desired beams
T T Low total extracted current intensities (0.1-100 pA)
2z .:_.‘.Ll'rii"'_';-;“ Transverse emittance, energy spread
.:“ S = Eventually provides chemical selectivity
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Where do we find |on sources

At ISOLDE, at CERN

T. Stora
Target and lon Source
Units

F. Wenander
EBIS charge breeder
At REX-ISOLDE

V. Fedosseev
Resonant Laser
lon Source

ISOLTRAP,
Local ion source
(heated alkali,

Laser sputtered C clusters) 8




lonization potential: <5 eV
lonization potential: 5.0 - 5.8 eV
lonization potential: 5.8 - 6.5 eV

Electron affinity: >3eV
Electron affinity: 25-30eV

The related radio-isotopes have in addition
A finite half-life

(from a few ms to years at ISOL-Type facilities)

2600 27 28
Fe JCo |JNi

45 46
Pd

Pr Nd

T (p vapor > 0.01 mbar) <100 °C
T (p vapor > 0.01 mbar) <400 °C

5 6 7 8 9 10
B JC N JO JF [Ne |

p vapor > 0.01 mbar) > 2000 °C BHEEE 17 18

Ssi P S JCI JAr |

19 30 33 34 35 36
E--EII--[EEI-E_---EII-EID-H-

Iﬂﬂﬁ-_-[ﬂﬂmm‘lﬂﬂﬁi}l@--[ﬁ-mﬁﬂﬁ’l—-

Ce JPr_INd_JPm JSm JEu JGd JTb Oy JHo JEr JTm Jvb Jiu |

B 738 i P O
Th_JPa_JU JNp JPu_JAm JCm cf Fm No JLr

‘E-EE--EEIE-EEIE
Np

Pu Am Cm Bk 3

Electron affinities and ionizauon energies of elements

Group Tomzaton patenhal (e¥)
1A - Electron affinity (eV} VI A
IR 2 He
13.59 24.58
0.75 HA e A v A VoA VA VILA 0.078
3L 4 Be ) S TN 30 o F 10 No
3.39 9.32 8.30 11.26 14,54 13.61 17.42 21.56
0.62 <0 0.28 1.26 <0 1 .46 139 <0
11 Na 12 Mg 13 Al 14 Su 15 P 16 5 17 CY 18 Ar
514 764 5.98 818 ! 10.55 10.36 13.01 15.76
0.54 <0 0.46 1.38 0.74 2.07 3.61 <0
9K 20 Ca 31 Ga 32Ge 33 As 34 Se 35 Br 36 Kr
4.34 6.11 &.00 7.88 9.81 9.75 il.84 14.00
0.50 =0 0.3 1.2 0.80 202 3.36 <0
37 Rb 38 Sr 39 In 50 S 5isb 52 Te 531 54 Xe
4.18 5.69 5.78 734 8.64 5.01 10.45 12,13
0.48 <0 0.3 1.25 1.05 1.97 3.06 < 0
55 Ca 56 Ba 81 T1 82 Pb 33 Bi 34 Po 85 Ar 86 Ra
3.9 5.21 | 6.1t 7.41 T.29 8.43 9.5 10.74
0.47 <o | o3 L1 L1 1.9 2.8 <0
me VR VB VIE _VIIBE__ VLB VIIB VIIE 1B uB
28 | 22T1 | 23V | 24Cr | 25Mn | 26Fe | 27Co | 25Ni | 29Cu | 30 za
6.56 6.83 5.74 6.76 7.43 7.90 7.86 7.63 772 9.38
<0 02 0.5 0.66 <o | o025 0.7 1.15 1.22 <0
39Y | 40Zr | 4lNb | 42Mo | 43Tc | 44Ru | 45Rh | 46 Pd ; 47 Ag | 48Ca
6.5 6.95 677 718 7.28 736 7.46 8.33 7.57 8.9%
= Q .5 1.0 Lo 0.7 L1 1.2 0.6 1.203 < 0
S7La | 72HE  73Ta | 74W | 7SRe | 7605 | 771r | 78Pt | 79 Au | 80 Hg
5.61 7.0 1 7.88 798 1.87 87 9.0 896 022 | 1043
0.5 <o 06 06 o.15 1.1 16 | 232 2.30 <0
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Surface 1on sources

How to measure the Lr* 1st ionization potential W,?

N e

Hot tube

S |

10
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Saha- Langmuw Equatlon

E"'.-'AC
E.. [P
Material work function @ E
Isotope 15t lon. Pot. : Wi ©
|sotope e- affinity : Ea B,

- B 1 For lodine,
surface = 5 N §—E exp (tb;if.E) go=4 (2P3/2, degeneracy 4), g-=1
! For Alkalis
Esurface = W; — @ )
1+ E—E exXp ( kT ) do=2 (2S1/2, degeneracy 2), g+=1
Some additional correction factors such as applied electrical potential or Meghnad Saha, 1920

surface coverage 11


http://en.wikipedia.org/wiki/File:SahaInBerlin.jpg

e "-‘Zt"'fr's-ources

' 2 N Ma 2012

CERN-ISO LDEnegat |ource

Operation
temperature Ta transfer tube  LaB,, Ir.Ce
material @, T[°C]
[eV]
Re 50 2200 —
W 4.5 2200 For i E
Ta 43 2150 [ 1t
ions
Nb 4.0 2000
. o . 4 Polarized
laB,  24- 1200 - @ e- dump
3.3 i A
GdB, 1.5 1500 For e, y .
, - 1- MK4” 1on source
Ir.Ce 6 1600 ions @
BaOSrO 1.0 1100

- * . What is the e- current to be deflected/dumped ? 12
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Cavity m(on)therml Iblum

Effect of plasma properties in tubular surface ion source

Eub — Esurf I\ITE / (1' 8surf(1' NTE))
Nie = exp(-Pp.e/kT)

L - N £ = ox
“Amplification factor” at thermal equilibrium nTE
Amplification factor in non-thermal equilibrium,
. | k number of collision,
asma potential $,= —-2.2V,

Debye length ~ Ap = 0.12 mm, o probability to leave cavity as 1+ ion
Amplification Nyp = a gz /a5 = T500

Plasma density ~ E.n,, = 10°/cm?,

(independent of W3 ).
Cavity length 1cm, Diameter 3mm  For k=150

Cavity o> n.. N ¥ lonization efficiency [%)
. -3
material  [eV]  [em™7] Sr(W*=552eV) U (W*=611¢eV) Ph (W * = 7.25 V)
Meas. Calce. Meas. Cale. Meas. Cale.
Ta 4.25 2x 10" 2% 104 S8+ 9 46 45+0.7 7.1 Ui+ 002 0.07
w 4.52 7x10" 7500 704 11 72 15 +3 19 (0.2+0.03 022
Re 5 1x10" 1100 82+ 13 95 9 46 62 0.6+ 0.1 1.8

According to eq. (2) with Z;n, ., = 10%/cm’ - 9% : 92 1 13
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Ionlzatlon eff|C|enC|es for hlgh -T. CaV|ty

N =1 : prediction for single collision (Saha-Langmuir)

N ~150 : measured (min. press.vp) N =~10™/cm®

N ~ 700 ~ k ‘measured (high Xe pressure)

n, ~10* /cm?® = 0.1mbar

N ~ 7500 : prediction for thermo-equilibrium:

>'n,(2) ~10° /cm?

" « Ba lu U Mo Pb Ni
B | e~ o et S Mg e e e ol o
AN " AT RN R L
o % on-line
b o off-line
LB bt et el o o N e G e o e Tyt
"g R 150 7080 7508 ~ T~~~ ~
.E \
Be aal o NRRIBE S
=881 S
B e S
Tuogsten cavigy

p.epif - T 2 2880 B

- — Orifice 0.7 mm\\
8.8881 ' ' '

HlGR TEHPERATWURE CAVITY AS O
reepnar (Tis): o” LASER (L1S) (ou SOUQCE
EMCLOSURE ©: uplo 2900 K

lager
beaurg
10mm
b&ga valsy a / / | : |
\ .
S ‘I/...,........II"'"'.*"
Recehisu ‘\f: ﬁﬁﬁﬁ \ — "‘“_ N
() roducte $
¢
C QJ’CL&Y‘ + 3 -

s =N\W/=
w

Ta Mo BN

14
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Effect of 1+ ion density In the cavity

LT [uRA] ----- >
N g .65 8.1 55 1 5
E J'T —t.‘_\-—___\_“_‘_‘_-‘_'-_ ?
- 8.5 e »
g 5
!e, presence of unwanted E o 183
impurities £
5 |
) l.n-——m 2 e —“‘III - oo e
Cavity length 1cm,. [ g e 2508 E’“ o _‘_’E*_; s
Diameter 3mm Lol L T N
Orifice 0.7mm diameter 8.881—p5? — 1§10 —glt e
Ignjyy (e 3] ----- >
se1dl® il Tl R —
ntgt [em™31 ———-=>

Fig. 3. lonization efficiency of uranium (10"%/s implanted i ¥
UNILAC beam particles) as a function of the plasma density
L;n, ;. which is varied by feeding thallium wvapour into the
cavity. The plasma and total densities are determined from the
ion current of thallium (upper scale) out of the source assum-
ing thermal flow. Note that the ionization efficiency for thal-
lium is about half that of uranium and should show (due to the
similar ionization potential of W,* = 6.28 eV} about the same
1,(T1) dependence. The solid curve gives n(U) assuming ther-
moequilibrium, the broken line shows the respective amplifica-
tion factor Ny.. as calculated according to egs. (2) and (4),
respectively. Due to the impurities the minimum plasma den-
sity is around 10%/cm’. 15
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SOL set-up o measure Lrt | at JAEA SC

Production yield measurement

@

JAEA Tandem Detector NDirect = N*+ NO
accelerator facility
: Teflon MaSS.
: capillary separation
Target
Beam ° o ISOL
o’? ............
A Detector
He gas + Cluster (Cdl,) Filament
Gas-jet transport system Surface ionizer — e ) >
Implant Tape system
Production and lonization lonic yield

transport of isotopes S. Ichikawa et al., Nucl. Inst. and Meth. in measurement

Phys. Res. B 187 (2002) 548.
—_— +
N ISOL — N 16
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OVGfVleW On SurfaCe |On SOurCeS

T=1200-2300 °C (2700°C)

Tube: L= 1-5cm, diam=1-8mm, extr.: 0.5-3mm
Materials: Nb, Ta, Re, W, Ir'5Ce

LaB6, GdB6, TaC, SrOBaO

Heating: Ohmic, e- bomb. 100-1000W
Plasma density : 108-10%%/cm?3

Total beam current @20-60kV : 10-1000nA
Plasma potential : -1 to -2V,

Eions = 0.2 eV

Apepye = 0.05 — 1mm

€950, @30kV = 10-15 pi mm mrad

17
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Forced Electron Beam Induced Arc
Discharge (FEBIAD) ion sources

e_

Hot cathode

0 -\

Hot anode +100V

18
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— End extraction;

— Long discharge chamber

(for better efficiency);

— Vapour tight (operation pressure:
104 =+ 103 torr);

— Discharge chamber heated

by the filament (base version);

— Gas inlet in the hottest part

of the ion source (filament).

Plasma _~A,cm?
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The plasma potential depends
on the potentials of the surrounding walls

Ep <Ea
Oscillating electrons

Et, Eb < Ea | momm>

Currents to the cavity walls bigger Ep
_ KT |, ~ 0,5 +1A (~ x10)
1"~ n+w/2ﬂ,e—,em+'°n5/cmz -Sec Et=Eb=Ea | ==>| Shorter filament lifetime
i* - current density through the plasma boundary Same |, and RP
n*- density in the plasma Hotter bottom plate
m* - mass of an ion (in grams)
Z‘*;Ze;efgon temperature (E,— E, ) determines the thickness of

¢ - electron charge the sheaths

M — mass number

3/4
1/2 . . p
i* ~35-10™.n*. I\T/Iel,z pAl cm? e VT (T L (cm)
i+ i E =100V,
. + _ p .
Remarks: i* independent of (E, — E; ;) M=100: e 5 0,0

Space charge limited current

i~ 1mA /cm?




PLASMA ION-SOURCE

L
.
0 1 2 3cm - ST E\i\ =~ I
TRANSFER LINE

TARGET

<= N : N
LINE AND CATHODE |
HEATING CURRENT CONMNECTION MAGNET COIL
Targets lon sources
» Solid materials: 5 Surface ionizers
metalic foils, powders, “u ”
ceramics > “Plasma” source
> Molten metals (;:EBRIIﬁg(Iaser ionization)
Pb, Sn, Hg.

» Plasma sources (ECR,
RF)

21
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The 3 ISOLDE FEBIADs until 2009

FEBIAD: “Forced Electron Beam Induced Arc Discharge”
3cm

MKS e——— MKY7
Anode Cathode Transfer Line Transfer

Line

Materials used for
the different models:

Cathode: Ta
AnOde: MO’ C l\\\\\\\\\\\\\\\\\\‘v
Insulators: BN, BeO ==
Grid: (Ta) C > Hot transfer line > Water-cooled transfer line
Heat screens: Mo > Employed for the ionization of the > Employed for the ionization of the noble
Transfer Iines.' Ta condensable elements gases and molecular compounds
. Anode 2 Anode 1 Transfer Line

MK3

» Temperature controlled transfer line
» Coupled to the molten metal targets
» Full graphite, BN insulators

22
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Moe

Electron

Modeling of the arc discharge plasma impact

ionizatio

Neutral Thermionic Surface Chemical
effusi@n emisNon ionization .
\ 1 rgactions

[_Recombination ]

- ¥ "Transferline - i

D -

22mm

» Full cocktail of possible phenomena.

» Not all appearing all over the variation range of the operation parameters.
» Some of them can be neglected at the nominal parameters.

» Application range has been investigated (experiment vs. theory).

» Performance limitations could be pointed out, justified and removed

23
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Link between operatlonal and physn:al parameters

Impact of operational parameters on physical
parameters of a FEBIAD ion source

Temperature Density L
-
Energy 9|
Anodes potentials 3
Confinement (%
Magnetic field
Density —
: @)
Operating Z
pressure Extraction @
Param_eters Physical
Operation

24
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lonization efﬂmency modelmg

CPO simulation of the internal

electrical field distribution VsourceR. N XN, X Tigni; X Vie
Total generated currents: g = f loniz :> &= f XVSOUI’CG
| MK "active" volume E'f'::tm"s“ ;%"ﬁ (({1)_520&%/) Ny i nn_in

149 V
. 145V
S 140V .
7 135 v The extraction factor, f
130V
125V f =the fraction of the produced ions that are . /
120V extracted before losing their charge on the ion V.
115V . — Vactive
source walls or being pumped. v f = _gctive
total Vtotal
f (geometrical) = the fraction of the source volume
R (mm) .
Total generated currents: /here the generated ions are extracted from, due to
. Electrons: 15 mA (150 V) avorable field distribution.
VADIS "active" volume | |- 25uA (0.2eV)
149 v > 1 electron passage;
E 145V > no ion trapping;
g 140V s e
N 135\ » T, =150 eV (e-V,,q initial energy);
132V » T,=0.17 eV (2300 K, thermal energy);
Egz > n, = temperature dependent (cathode emission given by Richardson Dushmann);
0V > n, =dep.on pressure, N, Coy.

25
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Valldatlon of the theoretlcal model
lonization efficiency (exp)

f factor

100 —— Xenon
—_=— Argon
MKS
Anode =150 V
@ 10 I_magnet=4 A
o~ P_total = 1.0e-5 mbar |
%)
c
£
9 1
=
@
c
o
¥
= 01
o
0.01 4t ;

1400 1500 1600 1?00 1800 1900 2000 2100
Temperature (°C)

» ¢ measured directly
» f calculated for each set
of operating parameters

n

n_in

f=¢x
\V/

Compute f for a MKS5 ion source.

source X n X n X O-IOI']IZ X Vrel

f factor (computed)

15

0

: ."‘--.-

T o—o0n

—O— Argon MK5
—e— Xenon Anode =150 V

| |_Magnet =4 A

P_total = 1e-5 mbar

—

0.01

1500 16

00 1700 1800 1900 2000 2100
Temperature (°C)

» Quality Factor

> P

lasma characterization

» lonization limit! (f ,=1)

26



Intensity {A)

1.E06

1.E07

1E08

5 Source subtype: MK5 T Ce0337
&  Buffer gas: Ar (95%) + Xe (5%) » Ar, Xe [nah]
Target material: CeO o +ions

Cé iCeO

1.E08

1.E-10

| ce |

v

ﬂ » Test of all the TIS units, before being mounted online
» Development studies

1

H

'

'

;
' LM " Hd
H ] ; ;
boeed : ;
H ] .I 1
H H i
it T f =

» Commissioning of new diagnostics
» Prototype testing & validation

80 90 100
Mass

110 120 130 140 150 160 170 180

271 27
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Plasma potentlal and energy spread

Beam energy measurement device

I Total pressure: 3.0e-6 mbar ]

—a— Helium

6x10° -

4x10” A

dl/dE

2x10°

04
90' o Y1(')O' o r1;0' o ‘1é0' o '11150' o '1:10I o 'LL:O
Beam energy (eV)
Front electrode HV barrier Back electrode
D=5mm collimator Beam current
Grid/mesh on il _
acceleration HV + 1801 Anode =150V
Stopping voltage
—=a— Raw measurement data % 140+
—C— Reconstruction of beam energy distribution 'c:u’
20407 > Deceleration potential: (VoaciontAV), With AV € [0,300V]  §
» Recorded dependence: 1, electrode = T (AV) o
— 1.5x10° . . . — : ®  He potential (EXP)
< » Beam energy distribution reconstructed through the . He linear fit
3 E differentiation of the measured data milo-d oot el
1.0x10"4 . -
g > Broad range of beam intensities (from nA to mA)
o 110 T T )
= 5.0x10°4 1E6 1E-5 1E-4
§ o Total pressure (mbar)
= / \
D.O—“A LN SP SN VST VRV L. S VNS STE. \ -

0 20 40 60 80 100 120 140 28
Beam energy [eV]
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m |ttance measu rements
Depending on:
FEBIAD MK7 - Plasma density (by external field penetration)
- Qutlet plate geometry (aperture, potential)

- lon temperature
- Background pressure (by elastical collisions)

=30KkV; I, = 300nA
=70mm; @, = 1.6mm

extr

D

extr

File Heasure Evaluate Configure Options Utilities PRO_CERN File Measure Evaluate Configure Options Utilities PRO_CERN
FILE: 344H18L1.EMI 4Y [mrad] FILE: 344U1BL1.EMI

‘E!
(1] ]

d E‘H!
+H ]
]
[+

EdE
e[
'\”‘l\
[t

o

3
| = =
m| =
HEE]

will = =0
m|| =B
—i|=(p

alpha
heta (mm/mrad

[T
[Big]
| Box |

— |
=(E
|| |

53 -0, Sz :
5%’ {nrad): -8. Sy’ (mrad) B.31

B (mA/Eps 2): 1.61e-D06 B (mA/Eps 2):7.0%-006
B {(nA/E 2): 2.3de-807 B {(mA/E 2):1.1e-BB6

edit node edit mode

29 29
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Present performance of the

VADIS febiads at ISOLDE

VADIS (VD5 and VD7)

(He &Ne &Kr &Xe) injected current; 7.1 pA

Ar injected current: 4.6 pA

Measured

lonization efficiency (%)

| —e—cxen Database
H = Kr yp1 (JB]

|| =—=—s_Argon (%)

| —w—=_Neon (%

|| =—o—e_Helium (%)
cathode (m (EXP)
i - —I ath_ma

Multiplicatio

n factor

1800

1900 2000 2100 2200 2300

Temperature (°C)

72Kr
(17 s)

1.1e4
(NDb)

2.0e3
(NDb)

5.5

73Kr 138Xe 229Rn
(26 s) (14.1 m) (~12s)

1.2e6 2.4e9 200
(NDb) (UC,) (UCx)

7.4e4  5.7€8
(Nb) — (UCy

16 4.2
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FEBIADat ISAC-TRIUME

R TRI

New Target Module Source Tray

| ’(%}TRIUMF INTRODUCTION

18 Pins
Connector

FEBIAD ion source, it is a hot
k| plasma ion source,

It was used for TUDA "8F(p,a)’™O
experiment,

We operated the FEBIAD
combined with a high power

L . composite SiC/gr target at 70
Pierre Bricault, TRIUMF

Moy, Do 145008 HA,

Nov. 2007, I("®F)= 9E+06 /s

May 2008, I('8F)= 5E+07 /s

ISOLDE, 1E+07/s,
HRIBF. 2E+06 /s. FEBIAD Ion Source, section view.

_ . [
FEBIAD Coil ’:5-
Connector

September 06,107 2010 19th Intemational Conference on Cyclotrons and their Applications, Pierre Bricanlt 26
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Overwew on FEBIAD |on sources

T =1500-2300°C

Cavity: L= 2-3cm, diam=1-2cm, extr.: 0.5-3mm

Materials: C, Ta, Mo, W, BN, BeO

Cathode Heating: Ohmic, e- bomb. 100-1000W

Plasma density : 107-10%%/cm?3

Total beam current @20-60kV : 1-100uA

Plasma potential : 70% of Anode V (50-100V); AE, .= 20eV
E. =10-300 eV

Apepye = 0.05 — 1mm

€950, @30kV = 15-25 pi mm mrad
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ECR and RF-driven 1on sources for
radioactive ion beams
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ECR ion source in operatlon

"] Primary beam

iy

F'Iafsma chambre

| Thinwindow [Pz piiie [ piiie

25 ' || Carbon
‘.-'I'I' .'_,l'_.llll-I -I-a[gEt I

Target and Nanogan-1ll ECRIS at SPIRAL I-GANIL
Permanent magnets, 10GHz, 200W
Multicharged ECR.

) +— RF injection

For injection in post-accelerator, a 2-steps scheme 0 21+, 1+ - N+ is now preferred.
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2.45GHz 1* ECR ion source under commissioning

Transfer Source ;
zone ~ chambre i
L\ X

Monobob 2 for SPIRAL II

Connecteurs
Platine de
connecteurs
100 IR I R U I DN L R R [N L B DL B L R L L |
Colonnes [ oy, él“OAr
—_ 80 - A40Ar 40Ar T
; =S i o
Cible = [ oep, “Ar
= 60
= A12Ne Heoar
Ja5) | ZON ]
Source 2 wf e ]
_g i G 20Ne O 200 ]
Plateau = 20 :—4I-]|£4 ICZ)l Waveguide MONOBOB -
[ He A monotooor ooT
0-|‘|4|-||e|||||||||||||||||||||
0 TT 10 20 Tso 20 1 50
3 e 2 co,
He 35
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B(T)

0.21%

0.18:2

0.17:2

0.15¢C

10.12¢

0.10%

0.03¢

0.06¢

0.04:

0.02-

0.00C

59

I
|
l

00

Magnetlc field Mapping

Le 15.4.2011.

de la chambre en inox et de la structure
magnétique pour détermination de la position de
I’électrode plasma

Superposition du champ calculé pour MONOBOB,

ve)

A

216

T
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Ionlzatlon eff|C|enC|es

d’icri?ézrét Sucégtz)rt Effys X Effvansy | Effor X Efftransy tralr?sf,-;ort lextrait

% % % HA
Ar N2 27 4 86 934
Ar N,+He 34 4 90 892
CO Ar 30 / 88 816
Kr N, 39 8 53.1 843
Kr Ar 40 7 49.4 764
Xe Ar 47 7 39 798

Support gas flow is comprised between 1 and 7 10 mBar L/s
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¥
-
3

S
s

f C:\Fichisrs \EMITT ANCE\Emittance 2010 06 18 15 20 50.xks

ttance brut

[ s13 | o834

AOArtEmittance : 76 m.mm.mrad ( 93% of the beam)
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Companson of different 1+ ECR

ECRIS for ISAC at TRIUMF MINIMONO ECRIS

NN DN |

Quartz .

Plasma

\|—Tslectrode

W L

= NN

T

Effusion
volume

17

7/ f:"';?/h

MONO1000 ECRIS
Magnets 1
|
3 I A
ZN r aq
L || —' Plasma zone ' 1> Plasma _
= Effusion ' I de
= ' ______ M%)
= |
=/ -
i i -
c/sImmryy

Comparisons between expected and measured ionisation efficiencies with four 2.45-GHz ECR ion sources, for different isotopes of Ne

ISAC TRIUMF MINIMONO GANIL MONO1000 GANIL MONOBOB GANIL
Volume (cm’) 18 117 1500 687
Exat diameter (mm) 5 4 7 5
Transient time {ms) =4 34 15 31
Ton. efficiency (%)
*"Ne™ (stable) 11.5 25 92 53
Ne™ (9.25s) 12 25 92 53
"Ne™ (1.67 s) 11 25 91 51
""Ne™ (0.109 ) 10.5 19 81 30
Bold characters have been measured or directly deduced from measurements. The times written in normal characters have been 39

estimated using the formula deduced from [14].
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Nielsen model (for Nielsen ion sources)

e =C V0, | 4.1)
where l = the length of the plasma chamber;
v = number of oscillations carried out by a primary electron;
o, = effective ionization cross section {(including all processes of ionization);
C = constant depending on the acceleration gap and potential.

Kirchner model (for FEBIADS)

7, Bohm’s formula

7] = L Jo =n
Ji T Ja 0 0 k-T,
T ATy

r
v = Bohm’s correction factor [61], ye(1/3:2/3);
n; = ion density ;
n. = electron density ;
Tis = ion source temperature (assimilated with the ion temperature),
T, = electron temperature ;
M, = 10n mass.

=y ~2mr -




Alton model (for FEBIADs and EBGP)

{ M — 7
4D, - ) Nl / exp[-mmw‘f-’w} ¢

Smn‘ Skf: ' S«:Jm ’ .:‘i el

?? il ??mffr —
N |x-M, —1 C
1 +4D, - : L] £ 1+ :
0 St)m‘ gff?j ¢ E'J{'pli << k-?.:, :}:| S{.urr ) j(.'u!’.h

(I> = the average path length for a particle in the plasma;

o = the emission area of the source;
Do = constant {cm?/s);
[, = the jonization potentiai,
le = number of electrons in the valence shell of the atom with a given I;
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FEBIAD Iasma prorls

—O— Debye length

T, =150 eV
T =026V

e

r.‘ll max = ne :
-0 nl_min ne ne miax .
10" n_max
(for Anode=150V) S
£
3
/ / £
o
c
@
()
/ g
[
a
nl m|n< n < n| max 4
'y
14OOI
L e A A A R L R I R R |
1500 1700 1900 2100 2300 2500
Temperature (°C)
Electrons lons
» Their charge sustains the plasma; » Generated mainly by electron impact;
» The generated potential well defines the source > n<ng

trap capacity;

» Generated by a hot cathode, n.=f(T);

» Their energy is defined by V,,o4e:

» Primary beam can reach the space charge limit;
» There is a maximum excess n, in the source.

» E; =~0.2 eV (thermal);

» For efficient operation at high
temperatures, they are required for
compensating the electron charges.

—T—
1600

Cathode

N

T —— — T
1800 2000 2200

Temperature (°C)

Anode Radial potential (V)

Axial potential (V)
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Improvementof the |on|zat|on eff|C|ency at IOLDE

Tests with noble gases (offline and online):

FEBIAD lonization Efficiency (%)

lon source He Ne  Ar Kr Xe Rn*
Standard MK7 014 036 2.0 4.3 11
VADIS VD7 14 6.7 26 38 47 62

Multiplication
P 10 186 13 88 43 -
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