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ISOLDE Target and lon Source Development team

-------------
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Target and ion Source Development (TISD) mandate

-------------

8|
ISOLDE uaes protons from the PS-Boos “odua
nuclei, d

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

« target and ion source units :
. target materials . _yleld & releas_e _study
) :  ion source efficiency
* beam interactions (p2n converter) measurements
* ion source design / mode of U
: : * prototype tests
operation shared with ISBM group P P

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

* OFFLINE: target quality control

* 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
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Target Configurations

Target Materials

lon sources Auxiliaries

. UCX
MK1 surface source . LaC?2 Mass markers
VD5 plasma source CaO - Thermocouples
VD7 plasma source . SiC p2n converter
cold line . ZrO Gas injection
MK4 negative . ThO
source . Tarolls

Ti foils
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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

Add reactive gasses (SF6, CF4, ...) for
molecular beams
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Target assembly

Accessories - Thermocouple

S
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== . Multi-Pin connector (4 thermocouples)
e Important for molten metal targets and
development units
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Target material production: metal folls

e Titanium, tantalum, thorium
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Target material production: oxides, carbides
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Target material production: UCXx carburization

pressurecontrol

File Edit Operate Tools Window Help ‘g 1 1 1 4 1
— * Setting a ramp 10004 UC-618
rate limit rate amplitude
e e =*® . Set thresholds currert 11E4
For s o ® . Start carburization g, | T " :
< 600 8
= 7 4 1E-5 E
L : o
S S
3 400 2
o
o
200 {1E6
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
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Quality control

Visual inspection

S. Rothe, CERN | ISOLDE workshop 2018
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Quality control

Target Temperature v Current

He gas leak detection

Thermal calibration
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Quality control

Targets coupled to offline 1 frontend
Check performance of ion source
Identify stable contaminants

Ll L] )l
U ™I R

=g i gy

1o T
Mupng ey
Hoquomic | "3
%
gy
o 1ot A
- el
[
” TSR L o AL L AR
0 10 0 »

oo
\
e | [
: [
"y ] l‘
0 ] » »

| ﬂ EEEEE S. Rothe, CERN | ISOLDE workshop 2018 19

T 0

S I " w @ m !




Target long term storage and dismantling

Target storage shelves in ISR

Paul Harwood
Hot cells

« dismantling of targets
* 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

May September October Novembel
we 15 [ ® e s [ [ ] 8 [ n] 0] al o] s8] u] 6] s
MO 9 18] MD:FTS 14 n 4LUCTE0 - 1 8| #633Th1s| 22| m3sucw 29 5 -
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

April May September October November 48 48 &0
we 15 [ 1 | v 18 19 [ 2 B[ # | % % B [ v o] al]lalas u | & | s " i
MO WS Juke g |aeaz o Ty B 6| 13 20) 27 17 15 mz;m}
W - ; p (the] UC Prep for
WE R ; m\;aﬂ winter
im Aseension @ #631LaCTs #639LaCTa - = Physics
K | CELLAR)] 643 UC +34 #623SiC Vim0 separate file)
su
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

nnnnnnnnnnnn

MEDICIS P MK4 (negative)

' 3% 3% 3%
/ 6%
| >
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‘ : Jo 7 ///: LaC
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o /A
” ISOLDE , 4
71% A Z
3% ThC — Ta
3% 26%

* 10 different materials » 7 different ion sources
. ered to MEDICIS: 10 + 2 in December * Mostly carbides and metal foils e LIST and negative ion source
» Used for development: 8 (16%) e Most popular: uranium carbide back in action
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LISTv 1.0

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

m Bundesministerium
fiir Bildung
und Forschung

Isobaric suppression > 1000, efficiency loss = 50

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: 90mm ,standard” LIST /w 2 repeller electrodes @ ISOLDE

lon Current (A)

107, .
. ————— ———_ | LISTmode :
- —_"} (Surface ion suppression) -
107% |
lon guide mode mode
10~ (ion extraction)
L |I|
1072 |!l i
— 24Mg laser ions '|
10_13' — 23Na surface ions
10-14_ | I||r| . ] . J7 M |
-100 -50 0 50

Repeller Voltage

Final on-line characteristics with SiC target:

Suppression factor: 1E6 ('Na)
Laser ion loss factor: 27 (on 22Mg)
No ??Na 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

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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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 uA 2pA 6 A « |mprove the one of ISOLDE

cw pulsed pulsed | « Design one for TRIUMF
50 kW 2.8 kW 12 kW ISAC
9@ i19291dE QTRIUMF KR 28




pZ2n-converter

Graphite

Conv2In TUﬂgSt?ﬂ ConwdIn

Conwilot Conwddot

Normal shielding — several Converter will
metal foils stacked act as internal
New shielding: Sigratherm |heat source

material — 1 cm thick

M-a:c:5

Promed
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Proton Fluence (protons/s)



p2n-converter

’

Full proton scan

Ccounter3
=== 2 130E+04

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

- Protons on target and converter

J.P. Ramos, et al. 30

Data under analysis
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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

7N 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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LIEBE: offline commissioning

- Full operational tests with LBE on the
offline mass separator
i, \ / #

Unsatisfactory results:
* Insufficient heating power on channel and HEX

« Plugs of solid LBE lead to spilling of the liquid metal - not
ready before LS2

Review & next steps:

« Heating element redesign and replacement

* Further hydraulic tests of the loop plus EM pump

« Can LIEBE with molten Lanthanum cover 100Sn
region for HIE ISOLDE ?

Temperature [2C]
= = N N w w
[=] v [=] [F) [=] v
Q Q (=] o (=] o

w
o

o

Outgassing sequence

» Channel inlet

* Channel

» Channel outlet

* Inlet
Irr.chamber
Irr.chamber

+ Diff.chamber

« HEX

o0

500

450 A

10 20 30 40 50 60 70 80

Time [min]

De-plugging detected during post-analysis

20 100

40

35

|

N I:J w
[=] w o
EM pump Fr [Hz]

=
v

=
[=]

T
w

0 5 10 15 20
Time [min]

T 0
25 30

—EM pump Fr - Channel outlet » Channel +« HEX « Outlet tube without HE

Ferran Boix Pamies, et al.
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Low work function materials for negative ion production

ionization efficiency vs. electron affinity at 1500K

MK4 — Pellet source

el Improvement of ionization efficiency:
_ e o] . EIeme_nt_s With_ onv affinities are
S B not efficiently ionized by LaBg
g * New compounds needed:
s ] «  SrVO, with expected work
£ function <2eV
A First steps:
5ol 1A || B F G W, * Production of suitable candidates
B ¥ : ; . i ; 4.0 S :
e Bh o 3e - Electron emission tests with LaBy
electron affinity [eV]
: ; . . : ; as benchmark
1.8x10° LaB, 1 . .
octo* | —8rV 0, (Sample 1) ; Performance studies
_ 1 ax10° | Sr.V,0, (Sample 6) ]
< r |——SrV,0, (Sample 5)
£ 1.2x10° b
E | oxioe ] Next steps:
5 soxt0* | ] « Compare geometries offline
% 6.0x10*‘: e
4.0x10™* E
20007 ] D.Leimbach: Presentation at 12:20
0.0 i

1400 1500 1600 1700 1800 1900 2000 2100
temperature [K]
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Dedicated test stand for ion source development

Main features:

lon beam extraction and detection
residual gas analyzer (RGA)
automated control and data
recording (LabVIEW)

First application:

negative ion source development
investigation of source poisoning and
regeneration

Future plans:

integration

long-term performance studies
thermal stress tests
destructive tests

« operational limits

- failure mode analysis

D.Leimbach

2.
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ISOLDE Yield Database YYDB(https://isoyields2.web.cern.ch)

. Target Unit
ISOLDE Yield Database : :
L — TargetNumber ~ UC385
iad Find the produced isotopes independent on the target Material U Carbide
information
Yields by 1 ITon source VADIS Cold Plasma VD7
Element [ :
5 N hot P N : v Transferline Water cooled
u || Be Laser B c N 0
1 1 i . M 7 Total thickness 50.00 g/fam2
Na || Mg A s 3 s | o
» 1 n z H 25 = 2 = 5 ) a1 2 = ) Source efficiency  22%
K || Ca sc || n Cr || Mo | Fe | co | Ni || cu || Zn e | as | se |
In-target " n ) - e 3 ) » ] Target condition
production Rb || sr ¥ N o ¥ Pd || ag || cd In St sh Te | comments F contam.
55 56 T 7 ‘ 3 80 o 2 B 5 |
ReanE s Ba Lu 0: Ir F Au Hg Ph Bi Po_ |
ABLA = = Target 2273 K
Fr || Ra Lr Db Bh ) Rg temperature
57 w | [ = o ] ) " . o " 5 w7 o b ‘ Source 2073 K
ta || ce | pr || Nd || pm | sm | Bu || Gd | ™ || Dy || He || Er vh temperature
clalelolalolalalalalalal: e
Laser status Laser off
==
Far more information please contact the ISOLDE Physics Coordin: Johnston,
For more details and yield inquiries please contact the ISOLDE lonsource Development Group , Thierry Stors, Sebastian Rothe et al, Secondary beam
in case of technical problems with the website, please report an issue or send an email to the developers.
plication ereated by ochen Ballof, based ous wersion by Manuela Turrian and Urszula Herman-tzycka as well as additions by Thnia Manuela de Melo Mendenga  n-serges producsion YieldId 63
e by oo Fex) fon ol n-target yields by Ko e Nielsen, Th luated and i 1SOLDE Targee and lonseurce Developrment Groug (TISD),
Isotope 204gRn(124m3 )
Yield 9.00e+6 ut
Method B

< C | & Sicher

https:/fits.cernchyiira/projects|SOYIELDDB/summ ary

ISOLDE Yield Database Create
o son
Yield
R epation) ISOLDE Yield Database i
Yields by @ ACtIVIty Switch view ~
Ll Create hoard
= Issues
M Reports
In-target
production B Releases Jochen Ballof closed I80:4ELBEE-4 - 5¢]
B 2emysage  Comment
ABRABLA <3 Components
Target Unit 06
v
Targat Id 2637 Total Thickness Components of the Target material il =
Target Lael 2r Mg 0543 Gas leak rate element Massno.  Thickness  stoich, thickness o
» v =
Target type 2r Oxide <| Target comments ¢ : o 04
(yield comments are below) z v 63g/emz | |1 o
ion souree type Hot Plasma ~ Fu =
B - k]
Transferline type Hot - Record: 4 dof2 L Mo Filter | [Search 1 3 %
o
q o 0.
Yields. ©
M| vietss [ 255%) [GRiEMeREA ] Source [Migrated from old database [o] Total Current| 1254] Comment  [Toral current comment Sourcetit (8] protons token anepbng) User| |
Eement Mo |v| MassNo [ 105 1somer | vield[ 3.20E-06] Method [T < Comment [vield_camment Test yield! sideband  [vbs
line [ 2273Kk|Target | 2500K| Converter ves|v| Supplied Gas [cFa Seperator Mass 238]  Separator [aPS |~| Transmission 81%  Laser [on E —
vield 4 [ 2354] BRUBIBHEBI[] Source [Migrated fram old daabase [ Total Current| Comment Source Eff % Pratons taken User 0 z 4
Element |Ge |v|MassNo [ §[1somer [g [v| vield[1,02E+08 Methad < Comment Sideband Time (3)

Features

« CERN SSO

* New Database design

* In target production (ABRABLA, FLUKA)
* Release curves available

* More target details visible

Issue tracking

Philosophy

* All measurements (TISD, USERS) get entered into YYDB
« Manually change attribute (measured -> validated ->
published)

Attribute determines visibility

Future

* Web based interface allows entering of yields to registered
users
* Add yield prediction

Establish link to CRIBE database
J.Ballof
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Thanks to the TISD team
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Ongoing developments

ToF-LIS: Field-free drift volume ( = LIST)
Square wave RF confinement by MHz switching:

« suppression of RF box attached to target unit
« simplified control of symmetricity, amplitude, offset
» Supply to source via multipin connector

T, > T,: Short ion bunch
T,: lon production after adapted drift

e i —
— R T g — ®
3 5] —RF &g_nal 15 . . - :‘
o 4o Charging current | <
s | e % O [ e |
% E 20 J : — 0.5 z
£ ¢l ii HH =
& § 0- SYPE P | D R B o E . . o
5 S 0] | o In-situ heating current switching:
£ 0l 1. P Fast polarity swapping and pulsing
8 404 : 4 [
o T T T T T T T T T

Time [us] H = —

High current IGBT At
based H-bridge /ﬁ II

Optional LIST
®O
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Perpendicular laser irradiation: ‘é\
Doppler-free spectroscopy and RIB production




