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1. Introduction1. Introduction –– whywhy

Physical preseparation:
Example: DGFRS – Dubna gas-filled recoil separator

SeparationSeparation duedue toto thethe m/qm/q ratioratio
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1. Introduction1. Introduction –– whywhy
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--sum spectra comparison:sum spectra comparison:

242/244242/244Pu(Pu(4848Ca, 3Ca, 3--4n)4n)287287--289289114114

white spectrum: experiment inwhite spectrum: experiment in
2007 without preseparation2007 without preseparation

black spectrum: experiment inblack spectrum: experiment in
2008 with preseparation2008 with preseparation

Same gas flow conditionsSame gas flow conditions
All data normalized to:All data normalized to:
-- 0.44 mg/cm20.44 mg/cm2 242/244242/244PuPu
-- 10101818 4848Ca particlesCa particles
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1. Introduction1. Introduction –– wherewhere

Picture from D. Piguet

15 mm15 mm depthdepth
33 µµmm MylarMylar foilfoil

IncomingIncoming ionsions
(EVRs)(EVRs) withwith energiesenergies
betweenbetween 8080--300 keV/u300 keV/u
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1. Introduction1. Introduction –– howhow
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2. Stopping force2. Stopping force -- whatwhat
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2. Stopping force2. Stopping force -- whatwhat

Four different interactions of ions with matter:Four different interactions of ions with matter:

--elastic collisions with the target nucleuselastic collisions with the target nucleus

--inelastic collisions with the target nucleusinelastic collisions with the target nucleus

--elastic collisions with the target electronselastic collisions with the target electrons

--inelastic collisions with the target electronsinelastic collisions with the target electrons
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2. Stopping force2. Stopping force -- whatwhat

Picture from P. Sigmund: „Stopping of heavy ions“

oxygenoxygen inin
aluminiumaluminium

Bohr Bethe Rel. Bethe
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2. Stopping force2. Stopping force -- whatwhat
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3. Results3. Results

Hg at 1Hg at 1 torrtorr HH22 pressure inpressure in
the RTC and no Mylar foilthe RTC and no Mylar foil
in betweenin between

Rn at 1Rn at 1 torrtorr HH22 pressure inpressure in
the RTC and no Mylar foilthe RTC and no Mylar foil
in betweenin between

No at 1No at 1 torrtorr HH22 pressure inpressure in
the RTC and no Mylar foilthe RTC and no Mylar foil
in betweenin between

Hg, vacuum conditionsHg, vacuum conditions
and 2and 2 µµm Mylar foilm Mylar foil

Hg, 20 kPa Ar pressureHg, 20 kPa Ar pressure
and 2and 2 µµm Mylar foilm Mylar foil

Hg, 40 kPa Ar pressureHg, 40 kPa Ar pressure
and 2and 2 µµm Mylar foilm Mylar foil
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3. Results3. Results

EEMM:: 26.80526.805 ±± 0.0780.078
Y:Y: 160160 ±± 7272
FWHM:FWHM: 7.277.27 ±± 0.220.22
A:A: 4125541255 ±± 787787

mercury (Hg)mercury (Hg)
oneone torrtorr HH22 pressurepressure
no Mylar foilno Mylar foil

GaussianGaussian
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3. Results3. Results
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Argon

 pressure within a 18 mm depth chamber [kPa]

In Mylar Hg Rn No
EI [MeV] 48.7 ± 7.8 46.7 ± 7.6 29.0 ± 4.8
STF [MeV/(mg/cm2)] 33.5 ± 14.4 34.4 ± 14.0 24.0 ± 14.9
Range m] 10.2 ± 4.8 9.6 ± 4.3 8.0 ± 5.2
In Ar Hg Rn No
EI [MeV] 37.3 ± 7.2 35.5 ± 7.0 8.4 ± 4.4
STF [MeV/(mg/cm2)] 12.5 ± 6.7 11.5 ± 6.3 10.1 ± 6.7*
Range at 101 kPa [cm] 1.7 ± 1.0 1.7 ± 1.0 1.2 ± 1.0*
* STF and Range uncertainties for No in Ar are estimated maximal values
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3.1 Extrapolation3.1 Extrapolation

Extrapolation to the STF of 289114 was done using:
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3.1 Extrapolation3.1 Extrapolation

Light ion data from from H. Paul.
www.exphys.uni-linz.ac.at/stopping

in Mylar 289114 SRIM 289114

EI [MeV] 24.7 ± 4.0 24.7 ± 2.0

STF [MeV/(mg/cm2)] 34.9 ± 15.4 29.7 ± 2.4

Range m] 5.1 ± 2.4 6.0 ± 0.5

in Ar 289114 SRIM 289114

EI [MeV] 10.1 ± 7.6 10.1 ± 3.8

STF [MeV/(mg/cm2)] 12.7 ± 4.6 19.5 ± 1.6

Range at 133 kPa [mm] 3.5 ± 2.8 2.3 ± 0.2

Determined stopping force dataDetermined stopping force data
and range data ofand range data of 289289114114
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3.23.2 VerificationVerification

284112
: 0.109 s

SF 62+n.d.

288114

9.95 MeV

284112
: 0.104 s

SF 108+n.d.

288114

9.81 MeV

244Pu (48Ca, 3-4n) 288-289114

285112

9.20 MeV

289114

281Ds
: 3.38 s

SF 106+44

1.43•1019 48Ca particles during 51 days

Decay chains from R. Eichler

283112
10.93 s

9.53

287114

10.04 MeV

279Ds
: 0.242 s

SF 114+103
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3.3 Comparison with SRIM3.3 Comparison with SRIM--20082008
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3.3 Comparison with SRIM3.3 Comparison with SRIM--20082008
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4. Summary4. Summary

-The recoil energy of 289114 in Mylar is high enough so that it
passes the 3 m Mylar foil

-The recoil energy of 289114 in argon after the Mylar foil is low
enough so that it stops completely in the RTC

-SRIM-2008 values and experimental values are almost
identical for Mylar but have larger differences for gaseous
argon
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experiment simulation table
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