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Current state of liquid-phase experiments:

Categories

» Motivation

» Design of the Vacuum to Liquid Transfer Chamber (VLTC)
» SRIM simulations

» Fission fragment experiments

» Coupling to ion exchanging alpha detectors

» Conclusion

[1] Y. Nagame, J. V. Kratz, and M. Schédel, “Chemical studies of elements with Z = 104 in liquid phase,” Nuclear Physics A, vol. 944, pp. 614-639, 2015.
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State of liquid-phase chemistry experiments:

Categories

Experimental setups can be cateqorized in:

He cooling gas

» Discontinuous (cyclic) operating systems + Actinide target (:Cm, 5B etc.)
e.g. ARCA, AIDA or ALOHA... CRIN 1=
. . : —T— Beam stop o
«  Chromatographic experiments TR : Gas-jetiniet (He/KCl)
Recoils Gas;jet (He/KCl)
* «aand SF detection with Si detectors C Chemistry Lab, ’
Collecytion Automated rapid chemistry
. . t - ARCA II/AIDA
» Continuous operating systems e.g. SISAK ] e
Dissolution & Liquid-phase
. iquid-liqui 1 i Complex chem. separation Sampl eEEiE
Liquid-liquid extraction experiments ren ) s I pfergsr:tion || et

* a, pand SF detection with liquid scintillation

Cyclic, ~ 1 min [1]

» With this systems, the chemical properties [Teges |oap{ santiator | 2]

of the first three super heavy elements in o
D]:I'D_‘L —p > : To detectors
L ""_,, Mixer
Degasser Main E Washing 1 He flushing

aq. solution were studied
extraction vy |

| 2mnano, |

Continuously, ‘
[* ~ 10 s residence time z|

- Where 265Sg (t,, 14.4s*31s) could only be
investigated indirectly

[1] Y. Nagame, J. V. Kratz, and M. Schédel, “Chemical studies of elements with Z = 104 in liquid phase,” Nuclear Physics A, vol. 944, pp. 614-639, 2015.
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State of liquid-phase chemistry experiments:

Optimizations

Further, experiments can be cateqorized in:

1. Stopping of evaporation residues before
separation

* All nuclear reaction products are transported to
the chemical experiment

* High selectivity in the chemical experiment is
required in order to detect decays of SHE

« After successful separation of the nuclear by-
products from the SHEs under investigation,
a decay can be clearly detected by high-
resolution a spectrometry with Si detectors...

[1]  Hecooling gas
t  Actinide target (*Cm, %°Bk etc.)

HI beam
0 -— COQling;;watEr
= = Beam stopg -
Be window e 1 Gas-jet inlet (He/KCl)
Recoils Gas-jet (He/KCl)
Chemical

experiment

- 300
1250
1 200

| 150

Evenis

1100

150

Avlpha Eieegy Matev

[1] Y. Nagame, J. V. Kratz, and M. Schédel, “Chemical studies of elements with Z = 104 in liquid phase,” Nuclear Physics A, vol. 944, pp. 614-639, 2015.
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State of liquid-phase chemistry experiments:

Optimizations

Further, experiments can be cateqorized in: He cooling gas
t  Actinide target (%4Cm, 4Bk etc.)

2. Stopping of evaporation residue after

separation «— Coolingwater

through a gas jet system with the
SISAK system
«  Successful experiments with the 25’Rf

(t,, 4.4 s T3 s) were possible due to this
coupling

= = Beam stopi -

* Unwanted nuclear reaction products and Pl = : Gas-jet inlet (He/KCl)
the (unreacted) primary beam are filtered * Recoils Gas-jet (He/KCl)
physically...

* Coupling a chemical experiment with a
physical pre-separator simplifies the
chemical experiments & reduces the  —
spectral background _ﬂ_

Gas - out
: . EVRs | prc 1. to
> Pioneer experiment at the Berkeley fé UL
Gas-filled Separator (BGS) coupled Target f i -] Counting/
setups
RTC

Quadrupole o
magnets

[1] Y. Nagame, J. V. Kratz, and M. Schédel, “Chemical studies of elements with Z = 104 in liquid phase,” Nuclear Physics A, vol. 944, pp. 614-639, 2015.
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State of liquid-phase chemistry experiments:

Optimizations

Further, experiments can be cateqorized in:

2. Stopping of evaporation residue after
separation

* Unwanted nuclear reaction products and
the (unreacted) primary beam are filtered
physically...

* Coupling a chemical experiment with a
physical pre-separator simplifies the
chemical experiments & reduces the
spectral background

Pioneer experiment at the Berkeley
Gas-filled Separator (BGS) coupled
through a gas jet system with the
SISAK system

«  Successful experiments with the 25’Rf

(t,, 4.4 s T3 s) were possible due to this
coupling

Scint. yield

Extraction monitoring Signal

Transfer to

Ti-50 beam aqueous phase | Scintillator | conditioning

o and acquisition
K"H,_:\ i 7L

Pb-208

target !

Recoil tran.sfar
to KCI gas jet
Detection cells
and PMTs

. Small holes
O —— Gas -in for gas out
Hydrophobic (T
Membrane

SISAK

=1 bar |

__M,

RTC Gas"-jet in Aqg.in

[1] Y. Nagame, J. V. Kratz, and M. Schédel, “Chemical studies of elements with Z = 104 in liquid phase,” Nuclear Physics A, vol. 944, pp. 614-639, 2015.
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The Vacuum to Liquid Transfer Chamber

(VLTC)

Physical Gas out

New developments preseparator gy i 1

for gas out

» Instead of further optimizing the

multi-stage process:
Experiment

1. Thermalizing the EVR in gas

2. Gas jet transport of the aerosols

as-jet in Ag.in

.

Liquid ph
chamber

Mylar c ;

foil

3. Phase transfer of the SHE to the ageous
phase

4.  Subsequent chemical experiment

» A direct coupling between the low
pressure side (“vacuum”) of a
physical pre-separator and the
liquid phase of a chemical
experiment was designed

\_/" O /
o =

ase’

» Resulting in the Vacuum to Liquid
Transfer Chamber (VLTC)
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The Vacuum to Liquid Transfer Chamber

(VLTC)

New developments
» Standard flange

*  Window size: 1270 mm?

4

» Grid L}ilqui% phase
* 80 % ion transparency i\/Iylar Q;
oil §
» Metal frame |
*  Covered with 3.3 um or 6.0 um thin Mylar foil
> Liquid phase chamber Flange Inlet

* 3D printed (PMMA-like)

« Standard }-28 fitting connection

« Sealing ring between Mylar Foil and Chamber
«  Chamber depth: 500 um

« Total volume 635.5 ul
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SRIM Simulation applicability for

SHE experiments

Proof of concept: 1. Simulations

— S0lUtION in

» |In advance, simulations were carried -U—
out with SRIM on the feasibility of a EVRs .| & To the
244py (48 280 ——» ‘ s 5
VLTC Pu(**Ca,3n)**FI TASCA g =:a'experiment
- ..using as example experiments with / Nl
289F| at TASCA [1]. ic  Solution in
window
« The aim was to assess the transfer of an Target v Pre- Target .
EVR directly after TASCA into the backing separator  window
aqueous phase with the aid of a VLTC. Ti PuO, TASCA  Mylar -
> * -3 —3—5—15 e » Longest
. mg o Flr >
> Three cases were considered: 2.2 ym 079,  08mbar 32HM e
Case I: Longest Fl range .
g g 48Ca beam Ti Pu02 TASCA Mylar 2 Case II:
Case II: Average Fl range — — — > T R = & Average
E,=240.6 Me 2.3 um 0.80 ™ . b 3.3 um ® Flrange
Case lll: Shortest Fl range Gra  NO:SImbar
Ti PuO, TASCA Mylar Case III:
————— »>— _3_5_1’1‘1- —pm = ———— S;wrtest
. Fl range
2.4 pm 0.81 % 0.8 mbar  3-4um &
Calculated kinetic Fusion reaction, - Kinetic energy calculation
energy for +Ca production of #5Fl for=%Z (Z =20 - 92)

[1] A. Samark-Roth, et al., “Spectroscopy along flerovium decay chains: Discovery of Ds 280 and an excited state in Cn 282,” Phy. Rev. Let., vol. 126, no. 3, p. 032503, 2021.
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SRIM Simulation applicability for

SHE experiments

. . Targ'et Target Pre- Tflrget Water
Proof of concept. 1. Simulations ity separator . window
Ti Pll02 TASCA Mylar Case I:
*- —————— P e — — — » Longest
» SRIM calculates only the ranges of e = e Flrenge
elements up to uranium (Z = 92)
48Ca beam Ti U0 TASCA Mylar = Casell:
. —_— e = = = = = P - — - & Average
*  Ranges were calculated for 289Z nuclides EraooMO\  agum  oseZi  oS0m | aawm B A
(Z = 20 - 92) in each material and -
extrapolated to 259F. Ti (P90 TASCA | Wlar cwem
, . . mg | 35Mm o s
- If 289F]| still has kinetic energy when it 24Mm - 0B1ZE  ogmbar 34K e
leaves the Mylar foil, it is stopped in the e et Ho i s R S L L
liquid phase, completely.
Case I: Case lll:
> InaVLTC with... o - 30 Longest Fl range Shortest Fl range 0 .
« ...a3.3um 0.1 um thin Mylar foil 28%F] 52 95 2 &
enters the liquid phase in all cases & = N
N 3 & E
- ... 6.0 um % 0.2 um thin Mylar foil, 29F] g8 SR
enters the liquid phase in case | and Il B8 8 15 5.8
By 5
5 g
_ _ ©F 10} protar : 10 § 5
» Experimental proof: literature data 2 g i Mylar | 2o
€ S d =32 pm R2=0934| |d=34pm R? = 0.944 =
shows, that SHE can be transferred S = 52.0 TR TY R S ——— e
through 6 ym Mylar foil Element (2) Element (Z)

Kinetic energies at the
© end of a material (calculated in SRIM)
Linear fit of SRIM data
$ Extrapolated kinetic energy for 2F1 + 1 o
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Residence time

Residence time studies

— = Transport of 8Ga
» Mean residence time (MRT) in the liquid phase l
Peristaltic
chamber was determined with 68Ga in 0.1 M HCI Pump
Mobile Pha&<> 1
. . . . (+%Ga) :
*  Vacuum side: 100 mbar and equipped with a shielded !
Nal(Tl) detector ‘ H
. . .o Mobile Ph :
- The 8Ga tracer solution was delivered through the liquid “outlet ——— = .
phase chamber with a peristaltic pump at 100 ml/min and A Vacuum
50 ml/min respectively ; Pump
> .> _/. :
» 50 mL/min /
50 (y 1 4 7 + 1 5 3D-printed Liquid Diluted 500 um Pressure
0 /ST 1.0S Phase Chamber HClyq (depth) Gauge
80% 21.5s+30s
110 ———————————————————— we————————————————
. \ -~ Mean Data points + Mean Data points
> 1 OO mL/mIn 100 .l j’\% Std. deviation i 1007 f Std. deviation
90| : ..... Mean Background || W0 \f. ----- Mean Background
50 % 7/.7sx10s o} | . sof [ MRT ]
< 7ol | MRT ] ¥ 70} || 1 50% Flushed ou
80 % 120 S+ 25 S % v [ ' 50 % Flushed out :\J ” ﬁ e out
g 60} |, W E 60 ¥
2 / 4 5 \
2 5ot ‘_ ( g 504 |
. E 40 F i_ \"\ 80 % Flushed out i E 40F |4
» 50 % were eluted in~12.5ml ~ | NN U7 sl Il N 80 % Frushed ous
‘ ‘| /
200 | .
10 ‘,: | \l"w..:; T JORS )
~efood .\(T Q:-:’*wrfmr_-:wwﬂzr -;'.‘.{‘,’::" “rﬂ:i-'“:*‘:éﬁ;ﬂ-
0 5 16 1.5 QIO 2I5 3I[] 3l5 4‘0 4I5 ";[] 5I5 60 Uﬂ l) 10 15 20 25 30 35 40 45 50 55 60

Time (s) Time (s)
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Proof of concept tests

. . B 200200 P Transport of fission
2. Fission fragment tests , P producs.
k’/:‘“ ! - Peristaltic
. . T Pump
» 2801252Cf fission source . L) MobilePha&@ Air
~— .‘ ~ . | (100 mbar)
*  Emission of light mass fragments (~ 104 u) 5 Ty v
with E,;,, ~ 106 MeV N Mobite Phase I
" " Out{;t ----- R

* and heavy mass fragments (~ 140 u) with £%
E,, ~ 80 MeV

Fission
Products

1 3D-printedLiquid Diluted 500 um
> 250252Cf source was installed on the AL /

Phase Chamber HNO, (depth) Valve Vacuum
. Pum
vacuum side of the VLTC "’
140 N T T . T T T T T T T T
«  The setup was also simulated in SRIM it0mbar | 605 a e woer
9 mm
*  Required chamber depth: 23 um o ]
. i 105Ru
« Total depth (liquid phase chamber): 500 um wl ]
é\ sof 22| 1
:EO 60 .
m
40 + _
20 _
O 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24
Range (um)
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Proof of concept tests

2. Fission fragment tests

> 200252Cf  fission fragments were
collected in the liquid phase chamber
over time

» Subsequent measurement of 10 ml
samples (HPGe)

y-spectrometry results for 10 ml samples

97Zr 41 +£12
105Ru 51+ 16
132Te 34+9
139Ba 35+9
143Ce 407

» Fission fragments of light and heavy
mass peaks were observed

Counts

......... Transport of fission
products

) ) Foil
Peristaltic
Pump

Mylar

Mobile Pha&@

Mobile Phase
HPGe _ Outlet

Air
(100 mbar)

Fission

Products
3D-printedLiquid  Diluted ~ 500 um
Phase Chamber HNO; (depth) Vacuum
Valve
Pump
104 [ T T 13 T T T T T T
. 5Xe
[ 145y
Lo 9.14 h ©
[ PTe 3.01 min
: 76.89 h 145(;0 g,
11Ba 4 91.1 min
1 18.27 min _
1331 1347
1398y, 20.83 h 52.5 min
10° |-82.93 min 137 7
[ Xe
3.82 min
BG BG
10? ‘ 101,
14.22 min
128G,
9.05h 511 keV
1()4TC
183 min IOSRU HSSb
444 h 9.05 h
101 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900
Energy (keV)
11
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Applicability of the VLTC for SHEs

» Which SHEs can be investigated with the VLTC system? [1]

289 90
115 L
114 0.645 | 2.7s
285|286
113 ol By 70
283 . 285‘l
112 o n
o/SF @ -1 60
280 281
111 i &
] @ SF o
2 n Js0 3
E 110 Ds 2
Z SF =
1276 |278 g
g 100 Mt Mt H40 2
el 0.69s 458 —
E @ « (=]
A S
108 = 2
270 27z | T
3 B Bh Bh B
1 07 60s 10.5s 445
zf.: Eyr 20
106 S8 Sk
a afSF
256 %257 4258 4 266 267 268 270 10
105 Db | Db | Db Db | Db | Db Db
1.6s 238 4.3s 24min | L.2h 28h 15h
afec a/SF | afec SF SF SF SF
257 % 265 267
104 i Xl B 0
ajec SF SF D No Data
151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175
Neutron Number

[1] M. Schédel and D. Shaughnessy, Eds., The Chemistry of Superheavy Elements, 2nd ed. Springer, 2014.
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Direct coupling of liquid-phase chemical setups

to a recoll separator

Current state Discontinuously Operating (ARCA I1 / ALOHA / AIDA) 45 - 90 s per cycle
. Chromato- Sample Detection
L0 A Digsdlve graphy = preparation > (Si-Detector)
)
7’ 1
RTC 5 5 .
Target |l P e Functionalized Si-detectors
separator
as Jet
Liquid/ . .
Membrane o g Mixer Detection
asser = E quun.:l = Wasching (Cocktail) > (LSC)
xtraction
Continuously Operating (SISAK) 6 - 11 s residence time
New developments

» Direct coupling of the vacuum side of a physical preseparator with the liquid phase of a chemical
experiment — development of a Vacuum to Liquid Transfer Chamber (VLTC)

» Followed by continuous operating chemical experiments, e.g. equipped with functionalized

Si-detectors [1] TASCA 20197

Pre Sample
Target | e jmip{ VLTC | preparation
& detection

Continuously Operating
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Functionalized Si-detectors

Nuclear Inst. and Methods in Physics Research, A 897 (2018) 120-128

New ways of a faster « spectrometry
» ul-flow cells equipped with Si-detectors

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

<

ELSEVIER journal homepage: www.elsevier.com/locate/nima

Prototype development of ion exchanging alpha detectors )

cccccc

Dominik Krupp *, Ulrich W. Scherer i

Institut fiir ikalis Chemie und i i Mannheim ~University of Applied Sciences, Paul-Wittsack-Str. 10, 68163 Mannheim, Germany

» Si-detectors were chemically modified
(functionalized)

*  Depending on the functional groups, e.qg.
cation exchanger (R-SO;H)

« Accumulation of radionuclides on the
detector surface

« Combined chemical separation and detection

» Coupling the functionalized a detectors
with the VLTC for continuous fast liquid
phase chemistry experiments Sio,

Si-Detector
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Functionalized Si-detectors

New ways of a faster « spectrometry
» ul-flow cells equipped with Si-detectors

» Si-detectors were chemically modified
(functionalized)

*  Depending on the functional groups, e.qg.
cation exchanger (R-SO;H)

« Accumulation of radionuclides on the
detector surface

« Combined chemical separation and detection

» Coupling the functionalized a detectors
with the VLTC for continuous fast liquid
phase chemistry experiments

Nuclear Inst. and Methods in Physics Research, A 897 (2018) 120-128

Contents lists available at ScienceDirect
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Supply

VLTC

Preamplifier

Amplifier

DAQ Device

Time & Energy
-Spectrum
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New ways of a faster « spectrometry

» Conventional liquid phase SHE chemistry
experiments consist of several preparation
steps, each with its time and yield budget

» With the Vacuum to Liquid Transfer
Chamber (VLTC) several steps are
bypassed

* Resulting in a faster and more efficient transport
of SHE from a physical preseparator into the
liquid phase

» By coupling the VLTC with flow cells,
equipped with functionalized o detectors
continuous experimental runs with Si-
detectors can be realized

» This opens the perspective for trans-
seaborgium chemistry in the aqueous phase
in the future

Continuously Operating

Pre Sample
Target VLTC m=»{ preparation
© separator Iéc dlt:tection
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