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* Introduction — the Case
* Experiment at GSI / TASCA

« Spectroscopy of 288115 and Daughters
« Summary & Outlook
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Yu.Ts Oganessian et al.
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IUPAC & IUPAP:
direct measurement of atomic numbers!
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Moseley’s Law, 1913

lHryh-Fuqumy Spectra of the Ji'l_emem.t H ig h eSt
K-conversion
coefficients!
0 keV
JE ot 2 IS 6 257 Chidentan s e suify s
Square of Frequency x Rf q_decay
_ _ 2 8-10 MeV
E(K,) ~ f(K,) ~ (£-1)
H.G.J. Moseley, Phil. Mag. 26, 1024 (1913) y-decay ~ 200 keV
X-ray energies predicted down to _oor
0.1 keV precision for superheavy internal 0 keV
elements (QED!) conversion 253N o
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R. Bemis et al., PRL31, 647 (1973)
(observed 15 a-photon events)
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- long odd-mass or
odd-odd decay chains

- reasonable production
cross section

Z - identification along
E115 chains
(sequence of 5 a decays)

2009: 12 weeks of beamtime
requested

2010: 8 weeks PAC approved
and granted

2012: 3 weeks scheduled

Highest
K-conversion
coefficients!

0 keV
28X115
8-10 MeV
y-decay ~ 200 keV
or
internal l 0 keV
conversion 28Y113

in the Rutherfordium spirit of
R. Bemis et al., PRL31, 647 (1973)
(observed 15 a-photon events)
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TASISpec

Highly efficient multi—coincidence spectroscopy set—-up
for TASCA'’s very compact focal plane image

1 Implantation DSSSD (1024 pixels) r -;-;Eger 100/s
4 box-DSSSDs (1024 pixels)

=> ~80% a—detection efficiency

4 Ge Clover (4*4 crystals)
1 Ge Cluster (7 crystals)

=> ~40% 7Y-detection eff. at 150 keV

L-L Andersson et al., NIM A 622, 164 (2010)
L.G. Sarmiento et al., NIM A 667, 26 (2011)

Virtually constructed with GEANT4 simulation package
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“Digital” (or Sampling) Electonics

96 DSSSD p-sides

60 MHz dead-time free sampling ADC
“FEBEX” cards developed at GSI-EE.
a, [\ analog electronics: _
false “10-MeV” event |

3000

Signal height (arb. units)

| s | L | s
1000 2000 3000 4000

2000

time (16.7ns/channel)

25 Ge crystals

100 MHz commercial sampling ADCs,
4x SIS3302 cards, FPGA processed:
- flat-top energy

- baseline

- pile-up flagging

That allows to ...

- restore baseline in software
- retain (almost) nominal Ge-detector
energy resolution

.. at high counting rates.

- detect summing, reduce background

- software optimization (MWD)
towards best possible resolution

- large dynamic range (linear within
0.1-100 MeV, time-over threshold)
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@
Date & place: November 2012, 3 weeks, TASCA, IE = I
Beam: 48Ca pulsed (5 ms on, 15 ms off)
time averaged 1 particle pA (6-102/s)

T .
arge 30 correlated decay chains of

element 115 in 3 weeks of beamtime!
Beam Owt ~ 10 pb

7. kye: Only 64 beam-off fission events in 3 weeks

spread over 1024 DSSSD pixels.
Trans

Trigger rate: 100-120 per second (particles in implantation DSSSD)
Beam shut-off: implemented, two-staged, beam-off a particles
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Self-consistent cross check of the
experimental findings with as
many virtual element 115 decay

chains as one likes!

~. TASISpec

. Lund University
“Input level”: down to pixel-by-pixel dead-layer thicknesses ... " LG.Sarmiento

“Output level”: takes care of summing of a, CE, and Auger energles

D. Rudolph, Lund University NUSTAR Week, Helsinki, Finland, October 2013



Results — 267115 (4n-channel)

1 chain (out of 30) of ours is compatible with the

2 chains (out of 37) associated with the 4n channel 287115
by Oganessian et al.

DGFRS |
287115 287115 287115
no a-photon coincidences j
10.63(5) 10.59(6) 10.59(9)
0.0676 0.0452 0.0466
283113 283113 zsslﬂ
10.23(1) missing 10.12(9)
0.0684 0.147

279Rg 279Rg 279Rg

1.33(1) 10.39(16) 10.37(16)
o 0.0161 e 0.124 [ 0.245
10.33(1) 10.36(6) 10.33(9)
o 0.0513 o 0.0218 e 0.0140

9.27(7) 9.35(16) missing
267Db 260 267Db 178 267Db
> 7 yrays
0.51h 3.41h 1.77 h
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22 chains (out of 30) of ours are compatible with the

31 chains (out of 37) associated with the 3n channel 288115
by Oganessian et al.

288115

10.7(1)
0.16(3)

284113

10.3(1)
0.92(1%)

280Rg

10.15(1)
4.8(%)

276Mt

10.10(1)
0.70(%Y)

27ZBh

9.21(1)
10.9())

26(4) h

D. Rudolph, Lund University NUSTAR Week, Helsinki, Finland, October 2013



22 chains (out of 30) of ours are compatible with the

31 chains (out of 37) associated with the 3n channel 288115
by Oganessian et al.

16 prompt a-photon coincidences | 4 |
2-3 of random origin expected 107(1)
i zrery 1|6 (2)
~ SO0 s o beam off 1 | > T112
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5 Mt
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T12=0.16(3)s & -

288
m Q ~ 10.7 MeV S|

~290 <Ea=10.30(1) MeV
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GEANT4 simulations: 100000 decays,
normalized to number of a’s
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X-ray Case
276\t —s 272Bh

Ti/2 =0.70(y 0
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X-ray Case
276\t —s 272Bh

n
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X-ray Case
276\t —s 272Bh

T1/2 = 0.70(193) S 0 —
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Ti2=48¢)s 0 -

280
= 10.15(1) Mev 2°R9 | E1 Case
Step 3 280Rg — 275Mt
E,=9.77(1) MeV
- 9
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GEANT4 simulations: 100000 decays, normalized to number of a’s
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Ti2=4.8(3) s g -
Qy = 10.15(1) Mev ~R8 | M1 Case
Step 3 280Rg — 275Mt
E,=9.77(1) MeV
237 = IF Mother Nature had provided these
0‘%31743 rn?ﬁ transitions as M1 transitions, this would
276 it have been THE perfect fingerprinting case!
2
&
§ af
g |
O
O

95 10.0 100 200
Particle energy (MeV) Photon energy (keV)

GEANT4 simulations: 100000 decays, normalized to number of a’s
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Ti2=48()s g -
01;2= 10.1(2()1) MeV 28°RQ_= E1 Case
280Rg — 276\t
E,=9.77(1) MeV
237 =30 The fact that these transitions are E1
0‘25317 . \1314 transitions puts (seemingly) severe
276\t contraints on nuclear structure theory!

Counts per channel

1 1 0

9.5 10.0 100 200
Particle energy (MeV) Photon energy (keV)

GEANT4 simulations: 100000 decays, normalized to number of a’s
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Parity-changing Af =1 single-particle orbitals are required at 3,~0.2!

vOULLU hozme) parameters | K =U.U326, L =04
8.4 — ‘ - - . .
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5 82
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Summary & Conclusions

Experimental: Pulsed beam is rather useful ...
Fully pixelized system for particle spectroscopy.
Digital electronics; Si preferential, Ge essential!

Analysis: Add a new level of confidence by self-consistent
cross checks via virtual GEANT experiments.

Results: 30 decay chains compatible with previous reports.
Two X-ray candidates compatible with E115.
X-ray fingerprinting is feasible!
Spectroscopic data on E115 descendants may probe
Z=114 gap; (precise Q,-values and E1 in ?7°Mt)
293117/289115 story is far from “trivial” ...

Future (@GSI): Check with GSI management ...
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