Beam developments in the Hg and 1°°Sn vicinity
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ISOLDE Target Production 2018

TARGET DESTINATION TARGET MATERIALS ION SOURCES
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e Delivered to ISOLDE: 29 e 10 different materials e 7 different ion sources

e Delivered to MEDICIS: 10 + 2 in December * Mostly carbides and metal foils e LIST and negative ion source

» Used for development: 8 (16%) * Most popular: uranium carbide back in action




Yield / pC

Yields from static Pb(BI) targets

® FbEi molten metal (PSE)
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. : The ISOLDE Yield Database, Version 0.1, https://cern.ch/isolde-yields, 2019, [Online; accessed 20.03.2019].
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Clean 2°°Hg beams with VADLIS
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VADLIS
ion source

separator 'JE proton
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‘8SH9+ Liquid Pb target .f * &&.

« 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
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Sn efficient extraction in RILIS mode
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[1] Y Martinez, B Marsh et al, NIMB, 431, 2018, 59-66
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Towards 100Sn

Sn 109 Sn 110
1.00&+9 1.80e+%9
18.0 m 0.2 |4.154 h 0.004

In 109
2.008+9 4,00
4,167 h 0,018 4921

cd 97 Cd 98 Cd 108 | Cd
1. 00e+0 1. 00+ 1 B8.90a+7 3.50a+8 5.60a+8 4,00
1.10 s 0.08 9.2 5 0.3 57.7 m 1.0 55.5 m 0.4 sthl »410Py | 461.6

The ISOLDE Yield Database, Version 0.1, https://cern.ch/isolde-yields, 2019, [Online; accessed 20.03.2019].
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Neutron deficient Sn from LaC

Target #620 LaC Ta + RILIS. (2017)

Both used improved 1 day carburization process of LaC

Betas => lons/uC B Counts v2(2016)

by J.P. Ramaos 9179 8.8+

Isotope  104Sn 2.08E+01 5 9159 :

e oo | oo oo sl o | s soes ProductionLaC #639
e d | h m | 5 ms 84390

3.30E+13 ppp Ppp or

Background

8418 counts‘

0.39 uA UAT uA
HTOMS on tape 1.41E=03

Delay 10ms transport corm. 2.90E+02 o

Collection 5000 ms . §

Measurement 10000 ms Yield Q

E:zﬁizlon S?;TS 1.0E+03 ions/uC  +3.8% E,

1045n: 1000 ions per second (betas)
Target #639 LaC Ta + RILIS. (2018)
D'm-l I | I | | I | 1
15:53:33 17:00:00 18:00:00 19:00:00 20:00:00 21:00:00 22:35:54
104Sn: 1500 ions per Second (CRlS experiment) 2018/07/20 2018/07/20 2018/07/20 2018/07?0 2018/07/20 2018/07/20 2018/07/20
ime

103§n: 100-1000 ions per second (CRIS experiment)

5 h production time (increased by factor 24)
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Towards 100Sn

Sn 109 Sn 110
1.00&+9 1.80e+%9
18.0 m 0.2 |4.154 h 0.004

In 109
2.008+9 4,00
4,167 h 0,018 4921

cd 97 Cd 98 Cd 108 | Cd
1, 00a-+0 1. 00+ 1 5.60a+8 .00
1.10 = 0.08 92503 57.7m 1.0 55.5m 0.4 sthl »410Py 451.6

The ISOLDE Yield Database, Version 0.1, https://cern.ch/isolde-yields, 2019, [Online; accessed 20.03.2019].
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s4b LaC3 — BLACK — x3k

LaC — Next steps

* Investigate the effect of the production process on the material properties (grain size, porosity)
« Similar studies ongoing for UCXx
» Release studies could be performed at ALTO or TRIUMF

* Going nano : Prototype Target #489 — LaC operated on-line
* High release efficiency for Ba and Cs observed, Molecular beams extracted using SF6 reactive gas

Joao Pedro Ramos et al, EDMS: 1245228
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-> Generally: release Efficiency better for nano structured materials

Nenez et al. NIMB, 370, 1 March 2016, Pa

Requires dedicated nano lab
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https://www.sciencedirect.com/science/journal/0168583X/370/supp/C

La (liguid metal) Dens. 5.94 g/cm3, MP=920°C, BP=3464°C

In-target production (1.4 GeV)

Please note, these are not extractable yields!

Software: | FLUKA v Target type: | La Molten metal v Show Compare...  Go to: |:| Show decay modes ¥ Show magic numbers @)
I I I

I 1 I 1 1 1 1 1 1 1 1

53 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 it 680 681 62 83 64 65 66
*l-]e=[8]=]
Te 114 Te 115
9.38e+9 1.18e+10
52 _ 15.2m 0.7 5.8m0.2
Production (uC-")
1e+12
1e+10 Sb 109 Sb 110 Sb 112 Sb 113 Sb 116
2.638+8 1.20e+9 1.18e+10 2.55e+10 1.81e+10 1.61e-
- 51 1e+8 17.050.7 23.650.3 53.550.6 | 6.67 m0.07 15.8m 0.8
1e+G
1e+d
1e+2 Sn 106 Sn 107 Sn 108 Sn 108 Sn 113
€ 4.46e+8 1.61e+9 7.60e+9 1.41e+10 2.32e+10 o
—50 1e+0 1.92m0.08 | 290 m 0.05 | 10.30 m 0.08 | 18.0m 0.2 115.09 d 0.03 stbl stbl sthl
Decay modes
o emission In 105 In 107 In 108 In 109 In 111 In 112 In 113 In 114 In1
6.11e+7 3.26e+8 2.13e+9 5.39e+9 1.47e+10 1.82e+10 2.30e+10 1.57e+10 1.42e+10 7.21e+9 5.04e+9 2.08e+9 1.23e
— 49 1 proton emission 60s1 1.80m 0.03 | 5.07 m 0.07 6.2m 0.1 324m0.3 58.0m 1.2 |4.167 h0.018| 4.92h0.08 P.8063 d 0.0007 14.88 m Q.15 stbl 71.950.1 441 Ty
 2-proton emission
neutron enission | | i o ol I o o o i n ||
2 meutron emission €d101 | Cd102 | Cd103 | Cd 104 | €d 105 | €d 106 | Cd107 | Cd 108 | Cd 109 | Cd 110 | Cd111 | Cd112 | cd113 | cd 1
1.45e+8 1.22e+9 3.77e+9 1.19e+10 1.53e+10 2.39e+10 1.62e+10 1.58e+10 7.75e+9 6.04e+9 2.30e+9 1.44e+9 4.51e+8 2.46e
— 48 B electron capture (7) 1.36m0.05 [ 55m0.5 7.3mo.1 57.7m1.0 | 555m0.4 | stbl »1.1Zy | 6.50h0.02 | stbl >410Py | 461.6d 0.4 stbl sthl stbl 8.04 Py 0.05 | stbl =8
W 2-electron capture (7)
u p-decay L o il | o || I || o | || |
= doubble - decay 025 | A% | A9ad | 8202 | A%358 | 1200 | A% | A3a% | A | A9a% | AL | A%aR) | Aih | A%
— 47 W p+decay 2.07 m0.05 | 2.01 m 0.09 11.1m0.3 129mo0.2 65.7m0.7 69.2m 1.0 | 41.29d 0.07 | 23.96 m 0.04 stbl 2.382 m 0.011 stbl 24,56 50.11 |7.433d 0.010 | 3.130 h 0.008
internal transition
B spontaneus fission = L i ol | o il | | |
W isotopic abundance Pd 97 Pd 98 Pd 99 Pd 100 | Pd 101 | Pd 102 | Pd 103 | Pd 104 | Pd 105 | Pd 106 | Pd 107 | Pd 108 | Pd 109
3.83e+8 2.2%e+9 5.75e+9 1.34e+10 1.38e+10 1.69e+10 0.82e+9 8.22e+9 3.44e+9 2.27e+9 7.13e+8 3.93e+8 9.44e+7
— 46 B cluster 3.10m0.09 | 17.7m0.3 | 21.4mo0.2 | 3.63d0.09 | 8.47h0.06 stbl 16.991 d 0.019 stbl stbl sthl 6.5 My 0.3 stbl 13.7012 h 0.002]
7
N B = o =5 5 ®m = m §N BN =
uclide forma Rhos | Rh96 | Rh97 | RhS8 | Rh99 | Rh100 | Rh101 | Rh 102 | Rh103 | Rh 104 | Rh 105 | Rh 106 | Rh 107
3.60e+8 1.54e+9 5.46e+9 8.66e+9 1.27e+10 9.6%e+9 8.61e+9 4.22e+9 2.80e+9 1.03e+9 5.48e+8 1.53e+8 6.87e+7
— 45 Isotope 5.02m0.10 § 990 m0.10 | 30.7m0.6 | 8.72m0.12 | 16.1d0.2 20.8h 0.1 3.3y0.3 207.0d 1.5 stbl 42.350.4 [35.357 h 0.037| 30.0750.35 [ 21.7m 0.4
yield (uC-=)
palfie | I il N o o | || |
Ru 83 Ru 94 Ru 85 Ru 96 Ru 87 Ru 98 Ru 9% Ru 100 Ru 101 Ru 102 Ru 103 Ru 104
1.93e+8 3.25e+9 6.76e+9 1.13e+10 9.99e+9 9.79%e+9 5.08e+9 3.61e+9 1.29e+9 7.51e+8 2.02e+8 9.82e+7
— 44 59.75 0.6 51.8m 0.6 §1.643h0.013| stbl >80Ey P.8370 d 0.0014 sthl stbl stbl stbl stbl 39.247 d 0.013] stbl

The ISOLDE Yield Database, Version 0.1, https://cern.ch/isolde-yields, 2019, [Online; accessed 20.03.2019].
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The LIEBE high-power target: Offline commissioning results and prospects for the

100 S 1 frO m I |q u |d L a I 00 p production of °°Sn ISOL beams at HIE-ISOLDE

F.Boix Pamies®, T.Stora®, E.Barbero®, V.Barozier®, A.P. Bernardes®, R. Catherall*, B.Conde Fernandez®,
B.Crepienx®, L.Goldsteins”, J.L. Grenard®, E. Grenier-Boley®, D.Houngho®, K. Kravalis?, G.Lili*, S. Malbrunot®, G.
Neyens®, L.Prever-Loiri®, J.P. Ramos®, J.M. Riegert®, S. Rothe®, C. Veiga Almagro®, A. Vieitez®

Sn in-target production from liquid La Brranean Orsameation o Nl Fesear, CEN
(assuming 100% La metal) e e Sk e Submitted NIMB, EMIS2018
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. Careful: log extrapolation over 2 masses Sn, Sb and In form volatile chloride molecules

e Sn, Sb and In form volatile chlorides

Prediction for extracted 100Sn;: 0.5.... 30 /s
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Studying molecular beam formation

Concept for a dedicated development unit for molecular beams

Study chemical reactions

- Injection of gases and vapor of solid
samples into reaction volume

- Suppression by gquartz and other materials

Heated reaction
volume

Chromatography

/ “

VADIS source

v

RGA

Parameters
- 2 gases, controllable flow
- 2 mass markers

rates

- Controllable temperatures in reaction volume

and chromatography colu

mn

- Materials for chromatography and
- Materials in reaction volume (target matrix)

Faraday Magnet
Cup I

Scanner

Faraday

Solid Samples
(mass markers)

Cup

«— Gas1l

™ Gas 2 ‘ - better understanding of molecule formation

improve reliability of existing beams, tailor new beams
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Studying molecular beam formation

Concept for a dedicated development unit for molecular beams

* Move residual gas analyzer to identify
separated beam composition through
molecular break up patterns

v

RGA

Heated reaction VADIS
volume Chromatography| source Faraday Magnet Scanner  Faraday
/ Cup I Cup =
: I LI
————— Sl
—— U | I
Solid Samples f I —
(mass markers) — Gasl
\ Gas 2
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Studying molecular beam formation

Concept for a dedicated development unit for molecular beams

* Add Multi Reflection Time of Flight (MR-ToF)
mass spectrometer: allows ISOBAR separation.
« Collaboration with MIRACLS experiment launched

Heated reaction
volume

Solid Samples
(mass markers)

Chromatography

VADIS source

RGA

counts

3334 1.63336 1.63338

1.6334

Example TOF spectrum on mass 46

7]
' |

1.63328 1.6333 1.63332 1.63 333
time of flight

Faraday Magnet
Cup

Faraday
Cup

MR [TDF

Laser beam
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Curtesy: S.Malbrunot



100Sn from Tellurium

» TeCl, —used at ISOLDE in the past
for Sn Extraction (SC)
« 3.26 g/lcm3 (MP=224°C, BP=380°C)
* TeO, — used at ISOLDE for Sb
production
 5.67 g/lcm3 (MP=732°C, BP=1245°C)
 Te — never used
5.7 g/cm3 (MP=449.5°C, BP=988°C)

1.4 GeV — Sn yield /uC ABRABLA / (FLUKA)
—~TICl4 —=TICI4 (FLUKA) —La —TI

1.00E+09 =
1.00E+06
1.00E+03
1.00E+00
98 100 102 104 106 108 110
isotope

» Codes actually predict 100Sn from Te
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100Sn from solid tellurides
» Cr,Te; MP= MP=1300°C
« ZryTe,, MP =1700°C
« LaTe ,MP=1720°C
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100Sn from enriched Te ?

Te 122 Te 123 Te 124
2 0.89 474

255
1132 d [S&10E5
z
T (BB noy
Pa7), e” |a3d0 -
cD4+3 158 T, 5E-5 LRy ocll o 0.056 + 0.325

* Only 3 isotopes contribute to 100Sn
« Enriched target could give factor 30 in 19°Sn yield for any Te target
» Rather not due to extreme costs (> 1000 CHF / mg for 56% enriched 120Te ) [1]

[1] Private communication: U.Koster
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Molecular tin beams : 132Sn34S

Gamma - 1325n+345_DCTM_10-1000-1200-60000_pcurr-0.340A CNF [1325n_DCTM_10-1000-1200-60000_pcurr-0.34uA.CNF] — O *
File MCA  Calibrate Display Analyze Edit Options Datasource Help

Ea e dEdE Bat P - 0858,

Idle | Channel: 7863 : 930.3 keV¥ Counts: & Preset: 60§60.00

| Il

Expand On

ROl Index: 1328”
e

Datasource

| 132SnS

| -
MARKER INFO
Left Marker: 7241 . 8568 keV PwHM, PWTM: 2205 E.719 keV
Next Right Marker: 7363 ; 9303 ke Gaussian Ratio: 1.150
Centroid: 7562 : 8947 ke ROI Type:
Area: 1022 +15.94% Integral: 2268

Comparing gamma spectra of
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Mass marker design for 34-Sulphur as reactant

Observed problem:

* Yield drops over time as S continues to
evaporate from conventional oven
« ->Uncontrolled release.

New design:

» Sulphur reservoir placed in water cooled
base plate.

* No line of sight with hot surfaces.

« Ohmic heating through Ta wire heats BN
chamber

» -> Controlled release.
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Sulphur mass marker on-line

08/09/2018 16:30 DAY ISO HRS

Significant increase in total current after heating up Oven2 from 5 to 6.5 A.

HJAQM'H Ibﬂ” [ Last 5 min ' Last 120 min |

Average last 5 points: 3.30E-6

—— AOQN
— AVG

3E-6

» Reacts at relatively low currents
« Heater can be optimized to allow finer steps S

T T T T T T T
16:29:20 16:29:40 16:30:00 16:30:20 16:30:40 16:31:00 16:31:20
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