ISOLDE target production: Highlights of 2018
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ISOLDE Target and lon Source Development team
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ISOLDE Target Production Team
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Target and ion Source Development (TISD) mandate

i AL
Providing a large choice of intense and pure radioactive beams

Constant development is required to keep ISOLDE at the forefront of RIB facilities

A target and jon source units A vield & release study
A target materials

. . A ion source efficienc
A beam interactions (p2n converter) y

A ion source design / mode of measurements
i - A prototype tests
operation shared with ISBM group U prototyp

Sharing same resources as the ISOLDE physics program
A WORKSHOP: target unit production

A OFFLINE: target quality control

A ISOLDE: beamtime
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ISOLDE Target production

Slides and photos by
Andres Viéitez Suarez
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Feedthrough connections

Gas
injection Oven (mass marker)
Line Water circuit

heating connectors
| ﬂ EEEEE S. Rothe, CERN | ISOLDE workshop 2018 6




Target Configurations

Target Materials

lon sources Auxiliaries
A UCX

A MK1 surface source s LaC2 A Mass markers
A VD5 plasmasource i CaO A Thermocouples
A VD7 plasmasource s SiC A p2Zn converter

cold line & ZrO A Gas Injection
A  MK4 negative A ThO €

source A Tarolls
€ A Tifoils

| @ S. Rothe, CERN | ISOLDE workshop 2018

EEEEEEEEEEE
EEEEEEEEEE



Target assembly

Target Container
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Target assembly

FEBIAD / VADIS

Surface source (MK1)
= RILIS hot cavity
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Target assembly

Thermal screens

Container screens (Ta, Mo, W)
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Target assembly

Accessories - Mass marker

Tran=ter line

------
.....
.....

Mass marker
material

3135
Amps

uL of standard solution used to prepare
a source of atoms
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Target assembly

Accessories - Gas Injection

Buffer gas for FEBIAD ion sources

Efficiency measurement

Addr eacti ve gasses (SF
molecular beams

O¢ O«

O«
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Target assembly

Accessories - Thermocouple

S

4 ; y t 4 ' 5
—_— “\ng t 1, 75 rah At
— 3 ‘{ ‘ﬁ i’:{i" e
B :'.l’ ey fc y -y .!"-"f’ ,?‘. ""..',,: oot .
- ..:l~l\'J_"_"~‘_l:'

" -t ¥

G 6 Multi-Pin connector (4 thermocouples)
6 Important for molten metal targets and
development units
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Target material production: metal folls

6 Titanium, tantalum, thorium

| @ S. Rothe, CERN | ISOLDE workshop 2018

EEEEEEEEEEE
EEEEEEEEEE

14



Target material production: oxides, carbides

O« O¢ O«
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Target material production: UCXx carburization

pressurecontrol
1 1 1 1 1

File Edit r Tools Window Help ‘g
iy || @ .
— A Setting a ramp 10004 UC-618
; rate limit rate amplitude @ A currert
FEX 1.64E+6¢ - Set thresholds 4 1E-4
el P i ® A Start carburization . :
<
= 600
% 4 1E-5
=
o 400 ~
200 - 71E6
0 4
T T T T T 1E-7
0 2 4

time / days
UC-618 Finished in 4 days without human intervention
Used for UC and ThC production throughout 2018

pressure / mBar
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Quality control

Visual inspection
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Quality control

Target Temperature v Current

He gas leak detection

Thermal calibration
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Quality control

A Targets coupled to offline 1 frontend
A Check performance of ion source
A Identify stable contaminants
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Target long term storage and dismantling

Target storage shelves in ISR

Paul Harwood
Hot cells

A dismantling of targets
A Post mortem analysis
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Microtomograph for post mortem analysis

ZEISS METROTOM 1500/225 kV FEBIAD ion source after use

Volume 1 grid coordinate system Top 1 Volume 1 grid coordinate system

Non destructive 3D reconstruction by X-ray 2420 ) &= QBT — 8 o £ G0
computed tomography &

https://indico.cern.ch/event/760652/
mariusz.jedrychowski@cern.ch
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ISOLDE Schedule 2018 Winter Physics
GPS

GPS schedule 2018 Owcembed
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U TISD 0504 ypprs Tech Stop Prep for
WE #599 Tifails 1SBM | #655Ta-W w9 ucv07| | 2051 winter
TH #5635 CTa Physics

separate file

FR #65UG-Tan

RILIS: Cu RILIS:In RILS: Mg RILIS: Dy RILIS: Dy 96Kr / 2128 1l RILIS: Ac RILUS: Ac RILS: Be 2471 (RILIST)

MD on HIE (GLMIEMILAY)
{LM Y GHALILA

111cd

(night-time)

November December
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WE R ; m\;aﬂ winter
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N scRiLs RiLIS test [IEECERIECT K beams [T ] 2Ra1628a 134504345 RILS:Mg  RILIS:Sh EaF (CRIS)

(#6540 LaC-n) LT Ge 345 MDon HIE
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ISOLDE Target Production 2018

TARGET DESTINATION TARGET MATERIALS ION SOURCES
= non actinide Chano Ti caonano LIST
MEDICIS 7 = actinide K VD5 " (negative)
29% e //%%Z/ K1-W
38% f
4

///% 1% Tgf;gh/gf/ /22/ %////////////

Taal targets assembled end of 20189
A Delivered to ISOLDF9 A 10 different materials A 7 different ion sources

A Delivered to MEDICI$0 + 2 in December A Mostly carbides and metal foils A LIST and negative ion source
A Used for developmen8 (16%) A Most popular:uranium carbide back in action




LISTv 1.0

HFS studies of polonium / supression of francium (1IS456, September 2012)

m Bundesministerium
fiir Bildung
und Forschung

Isobaric suppression > 1000, efficiencylossa 5 0

On-line implementation and first operation of the Laser lon Source and Trap at
ISOLDE/CERN, D. Fink et al., NIMB 344, 83-95 (2015)

In-Source Laser Spectroscopy with the Laser lon Source and Trap: First Direct Study of
the Ground-State Properties 217.219Pg, D. Fink et al., PRX 5, 011018 (2015)
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Results: 90mmAst andardfi LI ST /w 2 repeller ele

107, .
- . . LISTmode :
- —_"} (Surface ion suppression) -
107% | |
lon guide mode mode
< - (ion extraction) _
'E =
£ 1
c 10712} |!| .
e E .
- — 24Mg laser ions '|
10_13' — 23Na surface ions
10-14_ | | I||r| . nl- . J7 M i
Repeller Voltage Final on-line characteristics with SiC target:

A Suppression factor: 1E6 (%Na)
A Laser ion loss factor: 27 (on 22Mg)
A No 22Na seen in IS614 detectors
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Boron fluoride beams

Principle: B+3F- BF;

First prototype #499

- Small gas leak (3.7e-5 mbar L / s) x

- Absence of TaF, and SF, in mass spectra

—

Unit did not produce BFx beams
no fluorine saturation

-
S

Volatilization of refractory boron by injection of SF; gas

-

Second prototype #513

- Increased leak (1.84e-4 mbar L/s)

- Strong TaF, and SF, peaks

- No TaO peaks

mm) Stable and intense 8BFx beams

First production unit #606
Despite high injection,

12ng

Not clear, if the unit
would produce BF, beams.

in=

TaOF TaF,

TaOF, ./

TaF, i

TaF, TaOF,

100p=

130 185 190

195 200 205

210 215 220 225 230 235 240 245 250 255 260 265

Mass [amu]

low fluorination, and presence of oxygen. H,O or air leak?

270 275 280

Gas line
rupture

| TaO,F, deposits in target

N
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Target #6006 -> #650

To o o To To Io

o To I

MWCNT for 8B*°F, beams at IDS
2017: #606 Target could not be delivered, #513 was used

No infrastructure available to handle C nano tubes
Decided to recuperate charge from #606 for #650
Disassembly: transferline found clogged with AlF
Target outgassed to remove contaminants

Found macroscopic amount of Aluminum in transfer line

Successfully used #650 for IDS run

Factor 10 yield increase compared to #513
CF4 can be used

> #650 rescheduled for HIE ISOLDE,

- line broke, used #513 again

100um
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Neutron Fluence (Vem*uC)

fe+13

p2n-converter

1e+10

X (cm)

Brings high purity neutron-induced
fission fragments

@TR'UMF 199LDE  (;jahoration started to design

500 MeV | | 1.4 GeV 2.0 GeV two p2n-converters:
100€A 2eA 6¢A | A Improve the one of ISOLDE

cw pulsed pulsed | A Design one for TRIUMF
50 kW 2.8 kW 12 kW ISAC
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pZ2n-converter

M-a:c:5

Graphite

Promed

Conv2In TUﬂgSt?ﬂ ConwdIn

Conwilot Conwddot

A Normal shielding i several Converter will
metal foils stacked act as internal

A New shielding: Sigratherm heat source
material T 1 cm thick
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Proton Fluence (protons/s)



p2n-converter

’

Full proton scan

Ccounter3
=== 2 130E+04

% 1.095E+04
t ) 8213
m
- 100 -80 -60 40 20 O 20 40 60 80 o
Converter vs Target Very Short-hved BTY DHZ323
10.00 . ' 4 w 1x10* _
esetes Isotopes extracted! i
= 100 o* ’ 8. £ ol - g
J‘E* : ¢ 1 1x1011§
% ® ¢ ° ® Theoretical ISOtOpe data. z, £
2 0.10 . _ L ‘ ‘ . ‘ ag®
§ o ® . ® Experimental A CS Rb Fr 5 0 5 10 15
SELE RDb isotopes SN ”
001 7% P A Laser ionized - Ga, Zn, In
. ” R v A More than 100 yields extracted

A Protons on target and converter
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Data under analysis

9., _i991dE RTrRiUMF TP




LIEBE: offline commissioning m =%

Leaks on the vessel containing the ion source (1) Hlinstitute of Physies
iImpeded further offline commissioning in 2017 Eull installation tests on GPS

front-end during YETS2018

Successful replacement of the target base.
Standard operation of the VADIS ion source achieved.

Ferran Boix Pamies, et al.
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