ecent developments
of target and ion sources
to produce ISOL beams

Thierry.stora@cern.ch
Target and lon Source Development, ISOLDE (EN-STI-RBS)

(with the contributions of many colleagues)
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THE BIRTH OF ON-LINE ISOTOPEVSEPARATION
ISOLDE “0”

O.Kofoed-Hansen

K.O. Nielsen
Dan. Mat.Fys.Medd. 26, no. 7 (1951)

10 MeV deuterons
d-to-n converter (Be)
n moderator (wax)
UO, (10 kg)

Baking powder

2" METAL TUBE
ON S0KVOLY

89Kr (CO,, H,0,
NH;)

MODERATOR AND £
INSULATOR

From CERN 76-13, 3 conf. nuclei far from stability
What's new since 2007 ? T. Stora — TISD — EMIS 2012 - Matsue
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World map of radioisotope ion beam faC|I|t|es*

In-flight |sotope Separation
\,EumsomaMw : o Y Fragmentation OnLine Facilities
ARENAS N BEIjIng > NSCLCoupIed
GSI FAIR 100..5'_|(W i Cyclotorn Facility>
[ AL GeV/u 50 kW ‘ANL TkW = Thin Target Technique (In-Flight) Thick target Method (ISOL)
4 \ ' 4L B : c 4 CAR'BU FRIB Charged Particle Accelerator Charge Particle Accelerator:
on’ . ‘--‘DRlBS TRIUMF . Protons - Light ions - Heavy ions
. ~ X } 400kW i Veutron Source (Reactor
: P”b”a A4 ISAC Iand Il LBNL ss"r‘,\ Energles > 50 MeViu :., . : ;“ o0
AR e Lanzhou SR A 50 kw Py o
.\ Neyr® SoRIARE CAR": Osaka RIBs / / \ TwinSol
. Delhi HIRA“ MW - Wln O Thin Neutron
‘Calcutta VECC Texas A&M “F6U_ ¢ Target caas: Combined
”‘ff -7V Legnaro SF’ES *********** T Upgrade /7 R E*s‘cj[o*r ******** | Nevton
L|SE/L|SE2 f CERN ORNL . . "llb(‘)l;li;lilﬁ;\v C?;:fer Thick
\ : i Thick Target
SPlRAL2 QEX-BOLDE) HRIBF L o Target 1
| HESOLDE - Y
Catania : . ‘ ) RIBRAS C:g'::er
EXCYPT / ;“ Univ of
. _ SaoPaulo | cotcrer o " e R Re—
- > ——
*As shown during FPRIB, Saha inst., Kolkata, India e |
(Apr 2012) ‘ (e
. _ Fragment Isotope
Separator Separator
P
} I
m To Experiment or Post-Accelerator “
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ISOL Beam |nten5|ty

Proton beam Diffusion+
sity Avogadro Effusion

section
[cm?]

Target Atom|c Mass Ion_iz_ation
: (q] Efficiency

- ISOLDE
1| = Nat. & stable

fission
S @

./
nnnnnnnn h “w
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One of the many ISOL facilities..

2pA (51A) 5 - Talks of R. Catherall
1.4 GeV (2GeV) protons Cal, S T. Nilsson, G. Bollen

it om PSBooster E Poster S. Essaba

GPS &

' 44Ti/Sc recycled from PSI:

\/ & > (+CF4°) TiF3+ with FEBIAD
—244Ti13+ in REX

- 2-3MeV/u, 3%6pps for (a,p)

"HRS
separato

REX Linac:

RFQ, IHS, 7 Gap, 9 Gap
Up to 3 MeV/u (5.5
MeV/u)

Penning trap for tal
bunching, cooling T. Stora — TISD — EMIS 2012 - Matsue




arch an element (atomic number or chemical symbol) :

Search .

e produced isotope from an element independent on target

H
1
Li
E3
Na
11
K
19
Rb
37
Cs
55
Fr
87

Be
4
Mg
17
Ca
20
Sr
28
Ba
56
Ra
a8

82 495 =< Ep

TS
= Group 1 2 3 4 5 6
[IProd. or pred. stable beams e 5 1A | 2A 38 | 48 | 5B | 6B
[Prod. or pred. radioactive beams Ne152 Period
Il on-prod. stable beams. 2 - 1 "
I:Non—pmd. radioactive beams 2 s .
Li Be
N=126 = .
- Bl Na | Mg
: 1 0 = = = s
. 4 K | ca Ssc | Ti v |cr
= 5 = = = s “ “
= Rb | sr Y | zr | Nb | Mo
= = |, [ = = = e
=50 || .o B Cs | Ba Lu | HE | Ta | W
= n Wl [ e 104 w0m 200
. 2 Fr | Ra Lr | Rf || Db | sg
N-82
* Lanthanides . Lma C!:a ;r N‘:i
7-28 It +* Actinides ok A"( -F;l p'; G
e - ‘J ',
I # z=82 - 1
HIE-ISOLDE —= =
. N=126
HE, W - = wnwuse ews Jy uzam
= B _! Choose Yields by Target
H
T
.
= W=
3 = r‘ x
N=82

Ti
Zr
40

Hf
72

Rf
104

Data last updated: 2011-12-03

About this Database

~

78

Nb
41

Ta
73

Db
105
Pr

Pa
91

AS @15 N | 1 N e
u 2B | 3A | 4A
lon source:
+ |[Surfacal[" =
hot || Plasma | cool
Laser B c
Al Si
) = ) = = = =
Fe Co Ni Cu Zn Ga | Ge
Ru Rh | Pd Ag cd In Sn
B 7 0 0 0 0 0
Os Ir Pt Au Hg Tl Pb
200 208 20 i
Hs Mt Ds Rg
= - o o o a 0
Sm | Eu | Gd | Th Dy || Ho Er
3 o ] o [ 0 100
Pu | Am | Cm Bk cf Es Fm

SAC-TRIUMF

5

Al
13
Cr Mn Fe Co N Cu Zn  Ga
24 | 25 26 27 28 29 (a0 Ns1
Mo Tc Ru Rh Pd  Ag Cd In
4z 43 44 45 45 | 47 48 | 49
W Re Os Ir Pt Au Hg T
74 75 78 77 78 73 =0 | &1
Sg Bh Hs Mt
106 107 108 109
Nd Pm Sm Eu Gd Tb Dy Ho
60 61 62 63 64 65 66 67
u Mp Pu Am Cm Bk cf Es
9z 83 94 93 96 97 98 99

15
5A

101

Md

Si
14

22
Sn

Pb
82

Er

Fm
100

16
6A

73 wlo -
Bp ¥ nzO

Te

0
Yb
102

No

BE Lo (N2

sb
51

Bi
82

Tm

Md
101

h:5:ci0

Beams at operating ISOL faclilities

17
7A

1

cl
Br

At

7 B Lo w0

52

Po
24

No
102z

B2 8~ §F N0 em

18
8A

0
Ne

Ar
Kr
Xe

Rn

ElEE e B

“ield information: Marik Dombsky
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ISOL(DE) targets and ion sources
Target materials (30)\:

 Refractory oxides carbides
(Al,O4, SIC, UCx, nano Y203

« Solid metals (Ta, Nb, Mo)
- Molten metals (Pb, La, Sn) | \_
\ * Molten salt (NaF-LiF)

/Ion sources (>5)?

* Surface (W, Re, GdB6)

Laser lonization

=

* FEBIAD, RF Plasma
* LIST (talk D. Fink)

7228

ISOLDE UCXpressed peIIets

T. Stora —



Evolution of Rb yields

1,0E+10
A TRIUME
1,0E+09
- B 1-5kwW
1,0E+08 B -
1.0E+07 SPES - _
. Extrap.
o LOE+06 A0NEV; 8kW
2 1
= 1,0E405 )
> 1,0E+04 . TRIUME
* uc3
1,0E+03 < Sy
1,0E+02 H #1967 yield 150MeV (0.3g/cm2)
Losror | ® 1980 yield 600MeV SC (13g/cm2)
' A 1995 yield 1.4GeV PSB (45g/cm2)
1,0E+00 : : : : : : . . .
89 90 91 92 93 94 95 9% 97 98 99 100
A [amu]
0,
100,00% < W WW
10,00% i yAY
5 - vV
= 1,00% . L
© A \V4 \Y
= 0,10% Ta—oV
© v A UC135-PSB
9} 0 zl! Sz
p 0,01% =7 V Klapish
2 0,00% - : : | @ Ligne 46
. 1E-02 1E+00 1E+02
1E-03 1E-01 1E+01 1E+03
time (s)

AAAAA

eeeeee

10" T
- | Rb
.-
%
10°F N
—~ - N
5_ \\
E \\ e
% \‘7_”_ A
- 5
£ 10°F  _u—Rb yields 2000°C e
—a—Rb yields 1800°C °
—e—Rb yields 1600°C
10* 1 L 1 L 1
88 89 920 91 92 93 94

Mass

EPJA47, 119 (2011)
SPES tests @ORNL

Moll= UCx after carbonization
procedure

[
on target disc) »

3 C/Ucx targets
Operated

At TRIUMF

(= 5kW)

See poster M. Monzolaro
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@ sl % TTARS s e e
Dy i 7 AN T
*x,z‘&v_// 3/ Q&ZBNC S R
Release properties of Kr |sotopes
from submicron Y,0, target

Log D

7l72r02 ESL
—® AlLO_ESL
2 3

n
2 ALO_ PP \

23
—v—Y,O0_PP

2 3

n
1 1 1 1

1200 1400 800

T (K)

Nuclide ty, (S) A (s) U () g(target)

2Kr 17.2 0.0405 0.199
1.766E-3
BKr 27.0 0.0265 0.246
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Norm betas [/s]

Onllneyleld of n df 70- 72Kr

3 Sub-micron target vs Nb foils (30um)

73Kr release Properties from thick ISOL targets ‘ I R N

+» Y0371
+Nb380 —

9 10 50 s. Traces of another previously un-
Time [s] observed isotope Kr’* were also seen but
were insufficient for measurements. The

Yields of 72Kr have been improved by x10 from 2 103/ pn Cto 2 104/ n C
(combining prod cross section, target thickness, release efficiency

and ion source efficiency) T. Stora — TISD — EMIS 2012 - Matsue



Yield (ions/pC)

1E+8

1E+7 +

1E+6

3SAr beam over time

And what aboutthelr stablllty vs |rrad|at|on time
72Kr from nano Y203 vs 35Ar from nano CaO

e CaO#469
CaO#419

Operation time (h)

T
120
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Yield (ions/pC)

1E+8 ¢

1647 +

1E+6

3SAr beam over time

e CaOH469
CaO#419

0 20

40

T
60
Operation time (h)

T
80

T
100

T
120

- I—
||Q!}Hjl)ﬁnmlnunuyl

[ 10 1 1

\
]
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TYTE =
-:!M.l - X — —
\Wm 72N

m&f - --~:,§h4.a.c=a
1st Targets used at CERN- PS for alkali metals
(p 10-24 GeV)

Sllpis

eter.
0 u m (1-8mg/cm?) U compound, 100 n m gap: tot 0.3g/cm? U
ca 1500°C Fission

(10.SGeV p on Tth)
0,),.6(H,0) layer, converted to UO; at 200°C Rb release
eated further to obtain U;04 / UC /UC, / oxycarbide Phys Rev Lett, 1968
1000 counts /c hannel ‘ ‘
R f After

s EEEEEFEEfg

Time (ms)

R. Klapish et al. T w s e o
(UCx at CERN-PS&IPNO/CSNSM, 196Ma from Ir/C target
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Current UC, targets : SEM / FIB

dgm 4

Ilg

as prepared
(£1850°C)
ActlLab,
A. Gottberg,
C. Degueldre
Et al

Rb Yields
T T T T T T T T T T
4 10°
2000°C o °
° o0 ®
[ 3 10° %
o 8 =
¢ 9 ®
=<
10 3
[ ] S
. =
. s O
® ISOLDE conventional UC -§10 =
® Gatchina [2] P ]
@ high density UC test @ ISOLDE
.|.|.|.|.|.|.|.|?|-:|_()5

82 84 86 88 90 92 94 96 98
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——Heating ——
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) ~Ficat dissipation = |External heating
Quartz insert {water cooling (Ta-resistor
block) o oven) Qg =
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II." dissipation read-out, T,, T,
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\
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- O Experiment (Cold line)
1E+07 T _H & Experdement (Cold line 2)
I [f — = Fit
| [ R R
1E+06 +———+———oA—--b 1
%) —_—— RO | |
H R U
wl
5 4 ___ 1
2 1.E+05 i | A i
= | | I\ | |
i I I I \ | I
> | | | | |
1E+04 4L 01\ 1]
| | I |
| | | | |
| | | (}P | |
| | | | |
1.E+03 | | I — |
0.001 0.0012 0.0014 0.0016 0.0018 0.002

Temperature of the transfer line (K

126Cs yield function of quartz temp

Fit with AHads = - 145 +- 20 kJ/mol

as only free parameter

Isothermal vacuum chromatography
Is ca -180 kJ/mol

E. Bouquerel et al., Nucl Instr. Meth B266, 4298 (2008)

1 E+07 o e o o o e o o s I____: O Experiment
— —— Fij |
N | Sl N
| 1 r
YR AN ~ N S S—
) I | | |
= | | |
= | | |
9 1E+05 ¢=———— r———pr—- ="
= | N |
= | | | |
g | L H |
1.E+04 +———— I
~
| | | |
| | | |
1.E+03 ! ! ! !
0.0005 0.0007 0.0009 0.0011 0.0013

Temperature of the transfer line [K"j

80RDb yield function of quartz temp
Fit with AHads = - 242 +- 20 kJ/mol
as only free parameter

Isothermal vacuum chromatography
Is ca -270kJ/mol
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AT=200-1400°C to suppress Alkalis (Cs, Rb)
for pure beams of Cd, Zn

e 0] - ' o Experiment (Cold ling)
, T=680°C 1E+07 H 11 o Experiement (coid ne 2)
I M | || — = Fit
1% measured online I R e b
S100{ g ) — g2 -Q__Q| [ I
2 i =8 | | | | |
£ 1200 | iy "E‘Cn | | b | |
2 1000 411 ___1 1 __
5 a0 &2 1.E+05 | | A |
C L o | | [ T I
3 600 ; 2 | | oy I
£ 400 > | | I 1 | I
(6]
Length L At s ik Aty
0 : : : : . . . . . . ‘ | | | | |
0.00 0.02 004 0.06 008 010 0.12 0.14 0.16 018 0.20 0.22 I I I (? I I
Cylinder Lenght (m) 1.E+03 I | L I |

0.001 0.0012 0.0014 0.0016 0.0018 0.002
Temperature of the transfer line (K™

inserted here 126Cs yield function of quartz temp

Fit with AHads = - 145 +- 20 kJ/mol
1 as only free parameter

e - o e Isothermal vacuum chromatography
Is ca -180 kJ/mol

E. Bouquerel et al., Nucl Instr. Meth B266, 4298 (2008)
T. Stora — TISD — EMIS 2012 - Matsue




Sl

-
-

on
pact
ionizatio
ermionic
emission

el _19%19&|
%QE‘IQIC‘A

Modellng of the arc discharge plasma

g=fx

Surface
jonization

VSOUFCE R
ioniz — >

ne X nn X O-ioniz
n

e=TfxV Vel

source

n_in

[_Recombination j

f = the fraction of the produced ions that are
extracted before losing their charge on the ion

Chemical source walls or being pumped.
reactions

“Transfef line -

Cathode

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

> 1 electron passage;

> no ion trapping;

> T, =150 eV (e-V,noe INitial energy);

> T,=0.17 eV (2300 K, thermal energy);
» n, = temperature dependent (cathode
emission given by Richardson Dushmann);
» n, =dep.on pressure, N, i, Cout-

Total generated currents:

r 1 Electrons: 15 mA (150 eV)
VADIS "active” volume | o

25pA (0.2eV)

R (mm)
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vious figures
02, 112501 (2009)

nts, eg Hg and Cd beams :

r ion source in VADIS cavity

Hg yields from molten Pb targets at ISOLDE
1E+10 Lesereees?
+* ‘e
1.E+09 "O P
1.E+08 ‘0 *0
T 1E+07
S *
3 LE+06 A‘
:g 1.E+05 m @ 5C - Pb-MK3 [
4 LE+04 E OPSB-PhMK3-1.5¢13ppp —
@
5> 1.E+03 APSB-PbMK3-9e12ppp
1.E+02 g @ PSB-PbVD5-8e12ppp
1.E+01
1.E+00 |||||||||||||||||||||||||||||||||||
175 180 185 190 195 200 205 210
A

1+ —O—Argon MK5
i —&— Xenon Anode = 150 V
]

|_Magnet=4 A
,‘-\H P_total = 1e-5 mbar
~o—q
§ »
O 01 -
&8 ] \3\
Y— 4
] [ Y
0.01

1500 1600 1700 1800 1900 2000 2100
Temperature (°C)

L. Penescu et al.
Rev. Sci. Instr. 81(2), 02A906 (2010)
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And FEBIADs elsewhere

Graphite target TUWT
Container N

R TRIUMF INTRODUCTION

TIPS, ¢ A— i |~ { Tatransfer

/ M FEBIAD ion sourece, it is a hot
. VADIS FEBIAD plasma ion source,
A It was used for TUDA '8F(p,a)'*O
. Extract® experiment,
|_> We operated the FEBIAD
1 combined with a high power
composite SiC/gr target at 70
MA,

Nov. 2007, I('8F)= 9E+06 /s
May 2008, I('8F)= 5E+07 /s
ISOLDE, 1E+07/s,
HRIBF. 2E+06 /s. FEBIAD Ion Source, section view.

September 06-10, 201019t International Conference on Cyclotrons and their Applications, Pierre Bricault

........

Rev. Sci. Instrum. 83, 02A911 (2012)

Talk O. Bajeat, Wakasui-San, poster S. Essaba, )
T. Stora — TISD — EMIS 2012 - Matsue
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Cold plasma RF sources and chemical aspect sfor C beams

as CO", CO,"
Extracted
Vapor pressure of atomic Carbon and different Carbon molecules E PI as m a_ 0
.cnam:oozq ameco.rpﬂm;no ,mma rinceton 1995 ' 2 \/\’I
0§ co ~nA for Surfgce
I - Y ~pA for FEBJAD
>
T o1 ~m or ECH
€ o0 R
-§- 1E-3 /=] a
0 o iarget oven |iiranster lfine | lon souree\ | Extiraction
3 1E-5 %
» 2 x —
O 1E6
é 1E-7 . I I
g e aks I | Leaks I Leaks _ eutrals l
o Release loss Condensati Condensatiorl \ Sidebands
et . . . Decay loss Decay loss Decay loss\ Multiply chargdd
10 100 1000
Temperature [K] mmna
fp':“‘oﬂﬁ“‘“?’m Ratio of dissociated over ionized CO Xe to electron impact
RF 2
v Axial agnetic 10 5 lon source: VADIS
Release of CO after reaction of CO2 with Ta 22‘&13‘;:32:2: ]
7.2E-6mbar/l*s leak, 1.05 bar CO2 on leak, Anode=220 V 1
14 eoe ° | [ ] -
. 14 - . - e T »
§ . . * ¢ o : é\‘ 3 ‘.
o . : d Q 014 ‘
5 0.1+ . o N Y I o f
= & “ @ =12mm,| =100 { g / 98-S ¢
‘S : " Plasma electrode "h =
il 0.01 4 S0 /
g 1 8 / = — experimental result
= [ ¢ — theoretical expactation
" $ . = CO measured 16357 T - T T - T v T \ )
. e COthesretical 0 50 100 150 200 250
T T y T T T T ! Electron energy [eV]
1700 1800 1900 2000 2100 2200 2300 2400 2500

Temperature [C]
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o OIS Rl heaicio
Improvement of solid spallation source for fission fragments

n product yields (for ex. 89Zn, 130Cd)
lon of isobaric contaminants (8°Rb, 139Cs)

60
T

i m 7
Mass Number A

Optimization / Default

R. Luis et al.

S s T e i Eur. Phys J. A
eutron Number 2012

le-01 1 10
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And more spallation sources: High power targets for p.uA RIBs

f Filges FWILEY-VCH :
FDr:trlli golgdenbaum . [ e——— 9 Be (n , a) 6 H e
Handbook of
H . v-beam to Frejus
Spallation Research Linac s0-160Mev || 28ev | o A
Theory, Experiments and Applications 1MW 200k Target stations /\E o R
e © NaF eutectic loop [ JN-conv/BeQ, ecayring
poi g A Bp~ 500 Tm
B=~6T
60 GHz Neutrino
® pulsed ECR Source | ¢=~6900 m
Decay Lg=~2500 m
29 - Linac, 100 280 GeV Ring |fHe: y=100
Spalton L BNe; v=100
SHertHe s, NeUtONS
Transfer line H*/_;n///" ‘\\
o ion source e 1
g Res, 1.7 Gev (J 10
/ SA# i x10
I ‘ TSNl T o T T T Y T T v T T d
\ \igs > n
\ Spallation targot 3 ™ 3% b
8 oo ow i\ /\_/’f_g_,
ISOL target (BeO) in
concentric cylinder -30%
Fig. 226 “He-production by erter technology using
spallation neutrons (CARE' 08 meeting, CERN, m‘ ¢ o 1 i
2009 o m  Experimental data
oo . . 3 Fit
p(t) X peps(t) * pairs(t) £ i
Temperature [°C | ‘ terrn ms]  terpa [ms] taigr (ms]  Release efficiency [%]  %He production (Np) o
700 5.5 32 320 59 2.7 101
800 5.6 28 150 71 2.6 1010 P T T N U S S |
1000 4.7 28 1600 51 4.1 1010 0 1 2 & 4 5 6 7T 8
1130 3.3 27 190 79 3.1 10%° time [s]
1400 1.8 24 270 82 2.9 10%°

Eur. Phys. Lett. 98, 32001 (2012); Highlighted in Europhysics news T. Stora — TISD — EMIS 2012 - Matsue



T.M. Mendoncga, et al

INTC — IS 509
8Ne ISOL beam @ ISOLDE
from static salt target:
Concept
Salt condensation

Intensity [a.u.]
i
n

[
1

o
wn

D [m2/s]

o

]
S

enoble, 4 DPN, Univ. Genéve)

B-beams 18Ne b

eams (v emitter)

23Na(p, X)lSNe, 19F(pp{,%pn)18Ne
7.5x24x15cm  \ 2.1L/s

6 mA Irradiation cell | v
160MeV Protons dump NaF loop
Transfer W

line Diffusion chamber

toion  40x15x15cm
source

Heat exchanger

Technical achievements:

NaFLiF eutect. synthesis
Salt vapor condensation
(phase diagram, hydrolysis,

Fluka, ANSYS,

Ta+Alumina oven

Thermocouples)

Online with Protons !

CERN-2010-03 p110

Haynes 242 Alloy
(special machining,
corrosion resistant)

Help

SOLDE OFF-LINE CONTROL

—— #478NaFLiF_VD
T Zn  HeMNeArKrXe [nAh]
cp
5
Ne lar Kr
K 43 CO2
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lilli | s
| | Il
F ‘ ‘ a7 hr {|
1 ! | .
i‘ l‘ TN J 2 wr‘“ﬂ ﬂ “\I

A

o 10 20 30 40 50 &0 70 a0 Q0 100 110 120 130 140 150 .




How many ISOL elements will be roduced ?
Who said the yields is (only) a question of the driver power) ?

. . 9,17
Beam evolution in the past 5 years C as CO+
Helicon
: lon source
0*Ni beams
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information please contact the ISOLDE Physics Coordinatoy/ Magdalena Kowalska
details please contact the ISOLDE RIB development Groyf, Thierry Stora

Purification of lanthanide beam’s 140Nd, 140-1425m;
GdBg ion source cavity + RILIS
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MNa Isotope Chain Production

UC; targets Release Efficiency

» Actunl stacked pressed powders
sthickness=46 g/em®, W Surface Ion Source,
Tiargat = 2273 K, Ty, = 2573 K, 13-JUL-07
sthickness=44 g/om®, W Surface lon Source
{QJuartz Line), 4-0CT 08
# thickness=4E gfem?, W Surface Ion Scurce [3]
» Btncked impregnintes clothes & 50
# thickness=13 gfem?, W Surface IJon Source [1]
 Initial stacked foils
# thickness=1 g/on®, T = 1500°C, 19 target @
| Gll=i |2

L

T 1 2 35 36 17 3@ 29
g Puelmel 3 440ms 22 5s 60s 3lms 48ms

00 8mm diam U/C composite foils, 5- 10mg/cm2 U, tot 1g/cm2 U, 1600°C
(C Thibault et al., Phys Rev C, 1975)
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