TISD activities in 2017/18
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The Target and ion Source Development (TISD) team
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Providing a large choice of intense and pure radioactive beams

Constant development is required to keep ISOLDE at the forefront of RIB facilities
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RILIS Team
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Valentin Fedosseev

Section Leader
EN-STI-LP

Fellow #2
CERN Fellow
Shane Wilkins
October onwards

Katerina Chrysalidis

Doctoral student
Univ. Mainz

Bruce Marsh
Staff Member
EN-STI-LP

Camilo Buitrago I

CERN Fellow
April 2017 onwards

Plerre Larmonier
CERN VIA trainee

Support from PNPI: Dima Fedorov, Pavel Molkanov, Maxim Seliverstov

LARISSA group: Dominik Struder, Reinhard Heinke
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ISBM working group

EN/STI
LP

EN/STI
RBS

Scheme
development

Laser
development

R&D for
lon Source &
Beam
Manipulation
L (ISBM)

RILIS
operation

Laser
spectroscopy

\

Ongoing development projects

Development of refractory metal beams
LIST P y lon source selectivity
FEBIAD optimization VADLIS Optical pumping in ISCOOL
ISCOOL upgrades ToFLIS Negative ion beams
Fast beam gating lon beam multiplexing HRS upgrade
. J
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Providing a large choice of intense and pure radioactive beams

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

:Z:ggt ;naci;ﬂglzource units * yield & release study
get| :  ion source efficiency
beam interactions (p2n converter)

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

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

* OFFLINE: target quality control

* ISOLDE: beamtime

EEEEEEEEEE
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Expected TISD @ ISOLDE (presented to GUI February 2017)

« Sc: Ti foils (CF4, RILIS)

« Te: yields with RILIS

« M(CO)x formation @ MEDICIS irradiation point
* ThO felt + Negative ion source

 LIEBE @ GPS-online

« STAGISO beam test

« Sifrom UCXx

* TIC-CNT (pending safety clearance)
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Expected TISD @ ISOLDE (presented February 2017)

« Sc: Tifoils (CF4, RILIS) DONE
« Te: yields with RILIS DONE

« M(CO)x formation @ MEDICIS irradiation point ongoing

* ThO felt + Negative ion source ongoing
- LIEBE @ GPS-online ongoing
« STAGISO beam test DONE

* Sifrom UCX ongoing
* TIC-CNT (pending safety clearance) -
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Scandium beams
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49 SG

FC 1.5E+07 1.2E+07 8.1E+06 7.3E+05
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Sc
MR-TOF 2.3E+06 1.6E+06 1.2E+06 7.4E+05 13E+04 e AL
s A s36127em!
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408028cm”’ 1
ISOLTRAP
MT-ToF spectrum 627486 1
15936.6 cm™
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248662cm'___ B
Mass scan (FC.558) i | I J
time of flight
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5 RILIS elements In one week: new record!

RLIS
I

. . Se Sm
Titanium
l | 786584 cm! A 4551”“_1“-1:-"%95,1 cm’! Selenium
_ ‘ T Tested
Scandium | . .
18796.992 cm’! on-line
! : But further beam
. 606774 cm”
Dysprosmm ( — 3 435706 nm development
. 1 i 800.307 nm 22051.256 ¢!
l - uang2 (13265010 @g b 12495.198 cm’! needed
_ 543 Csar) gogt.h.ssx. 48182.19 cm!
Scandium T <35 5
l Qa7 4‘ ‘s_;‘?szcs.'l.gz : 23243.34.:;:1-1_‘_ .
Seleni iy Samarium
elenium Convenient
216.484 nm .
l 46192.693 cm’! 135706 efficient
. N nm
Dysprosium msisen’  ONE-laser
| 2-step scheme
Nic ke | 1989.497 cm’! 292.58 el
0 cm"_ 0 (:ZII'I': RILIS datshase
B.Marsh
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LIEBE fully
assembled and
coupled to offline 1

The LIEBE target — Assembled

PAUL SCHERRER INSTITUT

Qmﬂ'ﬁi{é}.ﬁﬁ;ﬂé

LBE tank

S aRa R

Beam line

Diffusion
chamber

Water refrigeration
system

exchanger

Channel connected
A | to electromagnetic
| pump
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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
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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 I} BriiF 1O 1WF, * Production of suitable candidates
B ¥ : ; . i ; 4.0 - :
e Bh o 3e - Electron emission tests with LaBy
electron affinity [eV]
: . : . : . as benchmark
1.8x10° |- LaB, ] . .
octo* | —8rV 0, (Sample 1) ; Performance studies
_ 1 ax10° | Sr.V,0, (Sample 6) ]
< [ ——SrV,0, (Sample 5)
s 1.2x10 e
E | oxioe ] Next steps:
5 soxt0* | ] « Compare geometries offline
% 6.0x10*‘: e
4.0x10™ i
2.0x10™ e

0.0 .
N 1 " l L 1 -
1400 1500 1600 1700 1800 1900 2000 2100 D.Leimbach
temperature [K]
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LIST

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

*
JOHAN lhj E Iil IGVLELESTTBA'ETA% N G | U
RILIS| & e
N . und Forschung
1

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 217:21°Po, D. Fink et al., PRX 5, 011018 (2015)
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LIST 2018 RILIS
]

» Obtained technical drawings from Larissa Group Mainz

https://edms.cern.ch/document/1400724/1 MR;SSA "

* LIST 2.0 assembly will be provided from Mainz
* To be verified: status of RF cable at GPS < oo

= | e R
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https://edms.cern.ch/document/1400724/1

LIST Development (LS?2) R_'EE

» Full integration to ISOLDE infrastructure LAR/SSA -
* Fast line heating inversion

. . CERN Technical Network ISOLDE High Voltage Room
« Connection to quartz transfer line ~ fusoeercuston
|
I SEt ®
. . ! P 5 ik e
| . [ ®
* Connection to ToFLIS project © & = = el
Wonanal| (Aot “hmer | 1| e | | ROl
| : c_smia ™ I : : I !‘ g4
| - ::o ). Al :
compression screw 'a:u-nm = : s"‘“ L >:'=: AE , ‘
support, back ~ locking nut .21- | = |y 1 B i
™ — I L - e J
RN l | b weain ¢|o
I ) ‘glo
K : ) LIST Control 2012 nﬁ:-::;:::z I A=' l ®
support, front o = \ S | : L saais : ;5 ‘
Y | -l f
suspension /e s~ @ ! FESA : 6 ’ i
tube logo 1
Laser Beam 4 I "Z,:“ usT
L Laser Beam I
Position Ctrl |

hot cavity J - \Udisk insert, front
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Volatile Carbonyl Compounds for New Refractory Beams at ISOLDE

J. Ballof'?, C. Seiffert!, Ch. E. Dillmann?*4, ]. P. Ramos!, S. Rothe!, T. Stora', A. Yakushev®*

( Motivation ]

: Potentially 9 new radioactive beams!

3| a 506 | 7] 8|9
Li | Be B C N | O F

Unavailable beams

Na | Mg Allsi|pls
19 | 20 21 22 23 24 25 26 27 28 29 | 30 | 31 32 | 33| 34 35
K|Ca|Sc|Ti|V | Cr (Mn|Fe [Co| Ni |Cu|Zn|Ga|Ge | As| Se| Br
37 | 38 | 39 | 40 | ax | 42 | a3 | 44 | as | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
Rb|Sr| Y |2Zr [Nb|[Mo | Tc ([Ru|Rh | Pd |Ag |Cd |In |Sn |Sb| Te| |
55 | 56 | 71 | 72 | 73 | 7a | 75 | s | m | 73 | 79 | 80 | 81 | 82 | 83 | 84 | 85
Cs |Ba|la.... Hf | Ta| W |Re |Os | Ir | Pt |Au | Hg | Tl |Pb | Bi | Po | At

J/
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carbon monoxide gas
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Beam Current

E-Mode

70 75
Power set/ mV

2 3 4
Number of CO fragments

N

ENGINEERING
DEPARTMENT



Up next J

Response per primary

Irradiations at MEDICIS

carbonyl formation and

B Sbility at ISOLDE

1E-6 -

-

"

~
1

-

m

[s4]
1

-

b

©
1

1E-10

FLUKA results for the generated nuclides

Zr Nb Mo Tc Ru Rh

High energy contribution maybe
underestimated by FLUKA

Simulated for 2.5 mm foil

i shown values scaled for 25 um foil -

Total
Low energy
Spallation

25

30 35 40 45 50 55 60 65
Atomic number

Proton beam

Handle for

Proton
plume

isotropic
neutron fluence
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Neutron deficient SeCO beams

Principle: Se + CO —» SeCO

Shifting the mass to get pure beams

Beam available since many years.
but....

1.00E+06 "1Se

1.00E+05 CF,

1.00E+04 injection
1.00E+03
1.00E+02
1.00E+01

1.00E+00
Day O Day 3

» SeCO gone after a few days
» Atomic Se still released after days

‘ Indications, that CF, gas might serve as carbon source. Work in progress.

Target #605 and #612
Zirconia fibers, stabilized with ca. 10% Yttria

Why does SeCO disappearr, 9
even if we inject CO,? ®

Injecting 13C02.../
=
...extracting Sel?CO

Injected CO, gas does not '
promote SeCO formation! .

What’s the source of carbon?

Carbon from the ion source?
-> Placed graphite grid, but still depleting

Carbon from the target material?
-> EDS (preliminary) shows no carbon in ZrO fibers

S.Rothe | 80th ISCC Meeting | 7.NOV.2017 18



Boron fluoride beams

Principle: B+3F — BF; Volatilization of refractory boron by injection of SF; gas
4 1 74 )
First prototype #499 x Second prototype #513
- Small gas leak (3.7e-5 mbar L / s) - Increased leak (1.84e-4 mbar L/s)
- Absence of TaF, and SF, in mass spectra - Strong TaF, and SF, peaks
Unit did not produce BFx beams - No TaO peaks _
— no fluorine saturation mm) Stable and intense 8BFx beams
\_ J \3 Y
4 . : . )
First production unit #606
Despite high injection, Gas line
low fluorination, and presence of oxygen. H,O or air leak? rupture
o Not clear, if the unit
. would produce BF, beams.
" TaOF TaF, .
o TaOF, TaOF;
L Z TaF, i TaO,F,
Sir TaO,F, deposits in target
\ Mass [amul] /
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Clean 2°Hg beams with VADLIS

10
mul
m

VADLIS
ion source

separator ljf proton

| beam
"®Hg* Liquid Pb target oo it

* 3on-line application of VADLIS ion source for an experiment
* (full Hg chain for in source laser spectroscopy; Mg + Ne for ISOLTRAP, 206Hg for Miniball)
* RILIS-mode achieves similar efficiency to VADIS-mode

- Note: RILIS-mode efficiency is expected to improve by at least 2 X if the adjustable-

extractor VADIS is used. B.Marsh
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VADIS / VADLIS developments

Standard VADIS

CATHODE

—

EXTRACTION
PLATES

CATHODE SUPPORT ANODE
30 kv 0-200V

Extraction plates 0 V

I

—1.01Vv
0.67 V

033V

0.00V

\/Sim

[1] Y. Martinez et al. In preparation

VADIS Dev. [1]

CATHODE INSULATOR
2000 °C

End plates

.

EXTRACTION PLATES
(variable voltage)
-300 V to +300 V

CATHODE SUPPORT ANODE
30 kv 0-200 Vv

Extraction plates -100 V

135V

— 1.0V

0.67V

033V

0.00V

10
N e
Il

Qé ENGINEERING
DEPARTMENT

S.Rothe | 80th ISCC Meeting | 7.NOV.2017

21



ISOLDE neutron converter design ENNEEGEGCCEEECEE

n-ind fissions (/s) 2.79E11 4.55E10

Done:
» Systematic FLUKA simulations for
geometry optimizations p-ind fission ratio 10.8% 16.1%
. Thermomechanical simulations of the Deposited 690 W 553 W
larger oven Power
* Procurement of materials UCx Volume 60 cc 30 cc

» mechanical design of prototype

111111

111111

111111

11111

11111

11111

Proton fluences Neutron Fluences

Main challenges: Large oven to heat up and electrical insulate tungsten from oven current
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FEM model p2n Target: container temperature (1000 A)

1 ANSYS
NODAL SOLUTION Eig.1
SUB =1 Acaderi_
TIME=9000 N OCT 26 2017
TEMP (AVG) 11:28:29
RSYS=0
SMN =75.8615
SMX =2298.44
e Container outer diameter: 51 mm
e Container thickness: 0.25 mm
e SGL® SIGRATHERM thermal screen: 10 mm
» https://edms.cern.ch/document/1128002/1
Mo thermal screen: 0.2 mm
To be used for MEDICIS target and
75'8615318.956562'051805.1461048'241291.341534'431777.532020'62 2298.44 pOtentla”y for p2n target at TRIUMF
File: Simplified geometry
M. Ballan, INFN § S. Marzari
| @ S.Rothe | 80th ISCC Meeting | 7.NOV.2017 23
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Ucx production: Previous process

& Ramp [Pds 3¢, ?;]Pdsconuuoz-c ,/z]/J; [PdsUC2-C  =r 7¢ //’, -~ —J
‘ : . ; : :
[ Titre ]
Dates u(v) oT TT Observations
A o¥ o 7 sor [ [P sec) -
/5 0 f« /"' ; / ,:/ @ A )
o e, IF A w
TArYZ
7 [ =4
¢ 0,2 4
':f , -
E3F 240 | 6,35 \ 7/ 3044\
72450 | 15 77 LL/” o tn) 7
AF-0F | sofoo fyf s 4>0 444 /v { bW [ [ dec)
7.2 |Lfps A2 [/ 449 7 &}V “
242 Th42 15265 4o |gs¢ {90 1}
e hs5 3|24 V2o 1443 .A“/,'/w'
fhao |426-9 {95 1g47 % Sooif -_of
VShisS |436-4| 500 ,/{')0 /’ﬂ 3(7” .
. S30 |79+ /u UK ] lode
2 25 r
Setting ramp - e {i'i’”—
%0 |13
i VLI e X5} 7 6F-SAL W,,;
. - ¢S |2.54 7' Lo A
Monitor pressure via webcam S S
$| 325 ~ A6 N 250 A "
850 | 335 Moo &4 -
~|5c0 | 382
loc0 [ 3.30 \ oA
Write down values manually

Detect end of carburization

by pressure drop May result in inconsistent carburization.

Time consuming (~10 days).

ENGINEERING
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Automatic UCx Production

« Setting a ramp
* Set thresholds
e Start carburization

[ pressurecontroller.vi - a %
File Edit Operate Tools Window Help Ig
»
§ STOP
rate limit rate amplitude
EEX) 1.64E+6¢
. X pausi
presure limit pressure read Integration .
A = A
o 2E-4 1E-4 o 120

« Heating is regulated automatically

Successfully used for UC611 and UC618
Finished in 4 days without human intervention

CERN @

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

Features

. Target Unit
ISOLDE Yield Database
Development Version TargetNumber = UC355
iad Find the produced isotopes independent on the target Material U Carbide
information
Yields by 1 ITon source VADIS Cold Plasma VD7
Element [ He
3 . h TEEL 6 s 0 0 Transferline Water cooled
u || Be L B | c | x| o] F| N
1 i . o " Total thickness 50.00 g/fam2
N Mg Al s s |lal a
» 1 n z H 25 = = ) a1 2 = 9 35 5 Source effidency 22%
K || Ca sc || n Cr || Mo | Fe | c Wi | o || Zn || Ga | e || as || se | B | w
In-target ¥ 5 (N . - s | # || = , s || = Target condition
production Rb || sr ¥ K pa | ag |l ca | m | s | sh | ome | ¥ | xe . F contam.
e comments
5 E 7 . e [ m | = o || = || =
os || Ba lu | Hf W i || b || Au || g | M| eo || Bi || Po \| At | R
ABRABLA = Target 2273 K
Fr || Ra L Db Sg Bh Mt ) F temperature
, 7 Source
tee]m[alalalaalsalesalal tomparame | 2073K
I U L i " L || B " : 3 n-conv. used No
Laser status Laser off
==
the ISOLDE
Secondary beam
e by fochen Ballof, based MeloMend rorduction YieldId 63
i i lonseuree Developimen Group (TISD),
Isotope 204gRn(124m3 )
Yield 9.00e+6 uC
Method B
< C | & Sicher | httpsi/jits.cern.chyiira/projects ASOYIELDDB/summary

Create

ACtIVIty Switch view -

Jochen Ballof closed I80¥IELDDE4 - 50

B 2emysage  Comment

ln:nr‘l:-:lon @ ISOLDE Yield Database
elds by
Element Create board
L= Issues
M Reports
In-target
production £3  Releases
ABRARLA ¢3  Components
Target Unit
v
Target Id 3637 Total Thickness

Target Label 2r.Mig, 0543 Gas leak rate
Target type 2 oxide v| Target Comments
(yield comments are below)
ion source type Hot Plasma ~
Transferline type Haot ™
Yields.
M veitts [75%0] SRR ] Source [Migrated fror old databose o] Total Current

Line | 2273K|Target | 2500K Yes|v| Supplied Gas |CF4

vield|d [ 2ac4] [GRREE

Id database [ ] Total Current]

r[g || vield|1.02E+08| wiethad

| vield[ 3.20E-06] Method [T

Components of the Target material Falll

Element Mass no. Thickness  stoich, _thickness

Mo - 2
3 v 6.3g/cm2 1
* <

Record: 4_[1of2_| » » ¥ o Filter | search < v
1234] Comment [Toral currant comment Source Eff. [_10]% Protons taken [00035000] User
< comment it vield_comment Test yield!

231 separator [6PS [v] Tr

Release Rate (1/5)

1] 2 4
Time (5]

CERN SSO

New Database design

In target production (ABRABLA)
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 (after login, no login required)

Future

Web based interface allows entering of yields to registered
users

Add FLUKA results for in-target production
Add yield prediction

Establish link to CRIBE database

N
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Potential TISD @ ISOLDE, 2018

* LIEBE @ GPS-online (2017)

« LIST 2.0

 M(CO)x formation @ MEDICIS irradiation point
* P2n converter prototype test

* Negative ion source
« Si beam development
« VADLIS prototype online

(\j ] | D S.Rothe | 80th ISCC Meeting | 7.NOV.2017

EEEEEEEEEEE
EEEEEEEEEE

27



o) @

NL S ENGINEERING
DEPARTMENT

Thanks to the TISD and RILIS teams
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MWCNT Target production for #606

CERN has forbidden any handling of

nanomaterial

« Nanomaterials are requested at ISOLDE for
physics (in this case MWCNT)

Powder technology laboratory in EPFL, has a class “nano 2”

« Accordingly to EPFL specifications “nano 3” is needed to
handle MWCNT (need to have the nanomaterial sealed in
glovebox)

Glove’s bag was bought from

Sigma Aldrich and used instead of

Glove’s box.

* Possible solution to lift the
prohibition of handling
nanomaterials

Successful press of full batch of
MWCNT for ISOLDE target #606

J.P. Ramos, B. Crepieux, T. Stora, et al.

EEEEEEEEEEE
EEEEEEEEEE
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Nanolab

Option 1

Actinide pill production
Nano +non-nanc

107N

Non-actinide nano

Ventilation units

[]
[]
[]

Carburisation
Calibration
Hotte

Presse
Malaxeur
Boite a gants
Plan de travail

NoO Ok wWN =

« Funding secured
e Construction to be finished 2018
e Connection of ventilation foreseen in 2019

Actinide pill production
Nane +non-nano

oxidation

l:l Non-actinide nano

Ventilation units

Option 2

NooakoN -~

carburisation
Calibration
Hotte

Presse
Malaxeur
Boite a gants
Plan de travail

CERN @
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Dedicated oven for CaO production

Target unit
building

Glove’s box for material
transfer into unit (very —EEmE)|

Material ﬁ

sensitive to CO2 and H20)

Calibration Target :
mmm)| Offline test
+ lon Source ine tests

production

CaCO, — CaO + CO, About a week to produce material in pump stand

Current issues:

Thermocouple positioning difficult (can’t trust readout)

* Use pyrometer but
800 °C range

readout is difficult in the 700 —

Thermal gradient in the container makes process much

longer than should

Ca0 production unit difficult to handle in gloves box

Precise control of temperature

Temperature uniformity
Higher quality CaO

Quartz tube easy to ha

ndle in glovesbox

Production will be reduced to half-day.

S.Rothe | 80th ISCC Meeting | 7.NOV.2017
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Tellurium beams

Target #601 UC n

1E+09 ®
[} [ J [ J
- °
A (Te) t1/2 Te Yield | Cs yield t1/2 A (Cs) Q 1ev08 : hd +
132 76.3 5.40E+08 6.47 d 132 B
133 125m  7.50E+07 stable 133 S 1E+07 .
133m  55.4m 1.50E+08 stable 133 = T 7
134 41.8m 1.90E+08 | 1.10E+09 2.90h 134m -;'—_) 1E+06
135 18.6 s 5.40E+06 | 5.50E+08 53 m 135m
136 17.5s 5.40E+06 | 5.30E+08 19s 136m 1E+05 °
137 255 1.20E+05 30.17y 137 131 132 133 134 135 136 137 138
. Te mass
137Te yield
RIL | S Te 1200 : : : ®Measured Yield  @In-target production (ABRABLA)
s Emm 0 -my--- AL . Rise-time = 1.336 [s] L. B . .. . .
i BRI W FE Fa e e ool Total efficiency = lonization efficiency x release efficiency
901.512 nm - Fo Alpha (1) = 0.244 (9.658)
64089 cm™! ﬂgz'we e’ o %ﬁk Fast yield = ?.9p59+[(}l)13 [atuC] EQ.4 %)) 100%
4o Slow yield = 7.67e+004 [atuC] (90.6 %)
riﬂ *i“a} \ °
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