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PTMS for SHE
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. — binding energy
120 Existence of SHEs (Z=2104)
S *How heavy can elements be?
'g 114 *Where is the island of stability?
= De 110 *What is the structure of SHEs?
S Hss, 108 ..Stability due to shell effects
wid = - -
o me -> accurate binding energies!
o S5 m7
Lr 103] O B2 me
No 102_+|:| 0 Eg m-5
Fm 1005 O 3§04 Until 2012 up to masses of
| °°02]  252.255 255,256
152 162 184 No and Lr
Neutron number with dm/m ~ 107 to 108

High-precision mass spectrometry of the SHEs allow to...
... map and study nuclear shell effects
P . y . . . M. Block et al., Nature 463, 785 (2010),
.. provide anchor points to fix alpha decay chains M. Dworschak et al., PRC 81, 064312 (2010)
... benchmark theoretical models E. Minaya Ramirez et al., Science 337, 1183 (2012)
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Mapping nuclear shell effects. !";a’?’a
with direct mass measuremen .
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270Ds mass can now be
fixed with about 40 keV
uncertainty g =S, (Z,N) — S52,(Z,N +2)

Neutron number N

M. Dworschak et al., Phys. Rev. C 81, 064312 (2010)
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New feature: isomers! q.'é‘? 4
M Shell Closure /\J/
M Shell Correction Energy
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New feature: isomers! (%)‘9‘%#&
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“O°Bi SHIP

e+ O a 256 1 ) S ;/ ~40 MeV

48Cq Y ; 7.5° magnet
Mo
~200MeV  \J\@H
/lo/n Basm Quadrupoles
SHIPTRAP
RFQ Cooling/ lon Optics Detection
Bunching o0 PT MT
LI | --—@D Wb LN || 2
Stopping and 7 T superconducting magnet
Thermalization Nd:YAG :
50 mbar He \tﬁ’)
Laser-Ablation Source S
=40 MeV & m R 1leV
dm/m =102 short-lived exotic nuclei S

dm/m =10-10 stable nuclei
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The SHIPTRAP setup (II) % T

B SHIP

‘+' E> Q 256Lr 7 . J ~40 MeV

48Cq N ~ 75" magnet
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The Cryogenic Gas Cell (I)7 ]

* Larger stopping volume and coaxial injection of
reaction products

* Higher cleanliness due to cryogenic operation

* Larger gas density at a lower absolute pressure

Cryo-Cell
________ f + Gas Cell
DC-Cage I|I| ________ R
| I DC-Cage "1, c
|
40K I ! £
! —)p | 7.5mbarHe d = Wil S
. RF-Funnel | = CE) 300K RF Funnel||| 1
‘ 300K ! = !
L ~ 60mbar He ||I|
60mbar He I|I ________ v
________ || ¢ < >
320mm
V)
< > Ecell sstop extr <10%
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The Cryogenic Gas Cell q‘,l;».ﬂ;’%

* Larger stopping volume and coaxial injection of
reaction products

* Higher cleanliness due to cryogenic operation

* Larger gas density at a lower absolute pressure

254 . — —
For No: €overall — gstop Eextr = 33(5)%

Cryo-Cell
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C. Droese et al., NIMB 338 (2014) 126-138
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The experimental hall after re(ﬁ#ﬁ

Q3/2016 - G. Otto, GSI, Darmstadt

»
NUSTAR 2019 — GSI, February 27, 2019 12 F. Giacoppo I= == MK #

Helmholtz-Institut Mainz



Ion storage in a Penning Trap ° 9! 'a

axial motion i
cyclotron motion

V.
>
P+

L] B /
trajectory
magnetron motion

The free cyclotron frequency is inverse
proportional to the mass of the ions!

1
,‘/ __.i.B R_Vref
. =
2w m %
C
V.=V, +V 133Cs* / 12C clusters radi.o.a.ctive
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Phase Imaging Ion-Cyclotron
Resonance method PI-ICﬁiT‘aﬁ«z |

----------------------------------------------- l—----—--—-----------------—----'
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Preparation Trap !  Measurement Trap || Position-sensitive :i Image of the ions’ radial motions
" MCP detector :: on a position-sensitive MCP detector
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Radial excitation ¢ + 21tn = 2t a5
Determination of th Gain in Precision = =
etermination o e . = i ower ~
spatial distribution Av = A = AR Gain In resolving P
2t TR

Radial excitation followed by

a phase accumulation time S. Eliseev et al., Phys. Rev. Lett. 110, 082501 (2013)
S. Eliseev et al., Appl. Phys. B114, 107 (2014)
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Ca-48 beam Ti-50 beam
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Radioactive ions measured as 2* charge state
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Beamtime June-July 20:&#3 | f',,!a

d04

Production (Rough) Incoming
cross section ion Rate
[nb]
254N gs & isomer 1800 1,5/s
255y gs & isomer 200/52 0.2 /s
256| r gs 60 0.05/s
251No gs & isomer 30 0.05/s
2541 r gs & isomer 22 0.03/s
257Rf 15 0.03/5\
— ~ 1 detected ion
per 8 hours
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Beamtime June-July 2018:2554?.E ’::’ :EI

254N0

Less than 8 h = 10 times better &m/m,
resolved GS and E*=1,2 MeV isomer

In 2010 ToF-ICR —> 48ionsin93h dm/m =10
In 2018 PI-ICR —=> 133ionsin60h &m/m =107

Low ion rate = long measurements
Challenges:
<> Reduced drift of the magnetic field = Two/three step temperature stabilization
of the magnet bore
(temperature fluctuations reduced to ~ 25mV)
<> Reduced drift of the trapping voltage = More stable power supplies for MT
temperature-controlled cabinet
(fluctuations <1 mV)
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“Real-time” 10h-long single
measurement

> 34ions 2*>Lrgs

» 26ions 2>°Lr isomer
About 14 ions/hour at traps!

1 ;
00000 [ 30 kev
T,,%2.55s

7/2 [514]25s
120 [521] 31s

8457
0-y
A. Chantillon et al., Eur. Phys. J. A 30 (2006) 39 374y =135 (11/2-)
F. Hessberger et al., Phys. At. Nucl. 70 (2007) 1. g /{/ / 12 [521)
S. Antalic et al., Eur. Phys. J. A 38 (2008) 219 ) 7 717 [514) 4.3 min
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Performances: 2010 vs 201“8, l";’ :EI
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Detected lon Mass Resolving Precision »EXposure
Rate (norm.) Power R (stat.) Time

=~ 2/h ~ 1.000.000 =1E-7 =30 h

CryoCell Pl-ICR technique
+ improved temp. stab.
+ vessel pressure stab.
+ lower-noise switches

= 14/h ~10.000.000 =4 E-9 =10 h

—

15 times more pr
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S el ‘* "" I’ﬂ!
ummary \F ? P
> High-precision mass measurements allow probing shell effects and tracking the evolution

of nuclear structure in the heaviest elements.

» Technical and methodical improvements at SHIPTRAP allow now extending the reach
towards more exotic nuclides with higher Z.

< Implementation of the Cryogenic buffer-gas cell

mmmmm) Boosted overall efficiency of about a factor of 7 compared to 2010
< Re-arrangement of the whole beam line successfully completed
< Development of a new measurement method, the PI-ICR technique

mmmmm) Confirmed PI-ICR high mass resolving power for radioactive nuclides
at the lowest production yields

Successful first direct measurements of the mass of 221No, 2>4Lr,
the first superheavy 2>/Rf (0=15 nb)

and low-lying isomeric states in 2°%2>>Lr and 2!No!
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P. Filianin, S. Gotz, Y. Gusev, M. Gutierrez, F. P. Hessberger,
N. Kalantar-Nayestanaki, O. Kaleja, J. Khuyagbaatar,
J. van de Laar, M. Laatiaoui, S. Lohse, N. Martynova, E. Minaya Ramirez,
A. Mistry, T. Murboeck, Yu. Novikov, S. Raeder, D. Rodriguez, F. Schneider,
L. Schweikhard, P. Thirolf, A. Yakushev
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