
Nuclear spectroscopy with Geant4

L.G. Sarmiento
Lund University

Swedish Nuclear Physics Meeting
Uppsala University
November 2014

L.G. Sarmiento Lund University SFS-KF. Nov. 2014



Overview

1. TASISpec and the E115 experiment

2. TASISpec in Geant4

3. SHE-Geant4

4. Remarks

L.G. Sarmiento Lund University SFS-KF. Nov. 2014

@



Identification Problem Z > 112

L.G. Sarmiento Lund University SFS-KF. Nov. 2014

184

120

114

108

100

152 162

S.F.

α

β+, E.C.

β−

Bh
Hs

Mt
Ds

Rg
CnGSI Elements

Z=107-112

Z

N



Identification Problem Z > 112

L.G. Sarmiento Lund University SFS-KF. Nov. 2014

184

120

114

108

100

152 162

S.F.

α

β+, E.C.

β−

Bh
Hs

Mt
Ds

Rg
CnGSI Elements

Z=107-112

Z

N

JINR Hot Fusion
48Ca + Actinides

Z = 113 - 118

Lv

Fl

Lv

End with fission



Identification Problem Z > 112

L.G. Sarmiento Lund University SFS-KF. Nov. 2014

184

120

114

108

100

152 162

S.F.

α

β+, E.C.

β−

Bh
Hs

Mt
Ds

Rg
CnGSI Elements

Z=107-112

Z

N

JINR Hot Fusion
48Ca + Actinides

Z = 113 - 118

Lv

Fl

Lv

End with fission

115



Identification Problem Z > 112

L.G. Sarmiento Lund University SFS-KF. Nov. 2014

184

120

114

108

100

152 162

S.F.

α

β+, E.C.

β−

Bh
Hs

Mt
Ds

Rg
CnGSI Elements

Z=107-112

Z

N

JINR Hot Fusion
48Ca + Actinides

Z = 113 - 118

Lv

Fl

Lv

End with fission

115



X -ray Fingerprinting of an Element
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Moseley’s Law

EKα ∼ fKα ∝ (Z − 1)2

H.G.J. Moseley, Phil. Mag. 26, 1024 (1913)
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in: 6× 1012 /s
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48Ca

in: 6× 1012 /s

www.gsi.de/tasca courtesy: C.E. Dullmann

243Am target

0.83 mg/cm2

20 mg

> 150 MBq
α, β, γ
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Highly efficient multi-coincidence spectroscopy set-up
for TASCA’s very compact focal plane image

Cluster

Clover

Clover

Clover

1 Imp. DSSSD (1024 pixels)
4 Box DSSSDs (1024 pixels)

∼ 80% α-detection efficiency

(3+1) Ge Clover (4 crystals each)
(1+1) Ge Cluster (7 crystals each)

∼ 40% γ-detection effi. @ 150 keV

L.-L. Andersson et al.,

L.G. Sarmiento et al.,

NIM A 622, 164 (2010)

NIM A 667, 26 (2012). Fully simulated with Geant4
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Detector Construction
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TASISpec
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}
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Quantum selective spectroscopy
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Results: α-γ Coincidences 211Bi → 207Tl
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Let’s have a closer look....
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Tentative!
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IF Mother Nature had provided these
transitions as M1 transitions, this would
have been THE perfect fingerprinting case!



Remarks

Results 30 decay chains compatible with previous reports.
Two X -ray candidates compatible with E115.

X -ray fingerprinting is feasible!

Design Geant4 is an excellent tool to benchmark and optimize
detector set-ups.

Analysis Add a new level of confidence by self-consistent cross
checks via Virtual Geant4 experiments.
Although Geant4 is not ready for SHE-studies
out-of-the-box it is possible to produce reliable
simulations from it.
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Low-statistics simulations: 276Mt
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Geant4 simulations: 9x22 decays
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parity-changing ∆` = 1 single-particle orbitals are required at β2 = 0.2
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parity-changing ∆` = 1 single-particle orbitals are required at β2 = 0.2

The [716] 13/2− orbital is bathing is a sea of POSITIVE-parity orbitals



Nilsson single-particle diagrams
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The [615] 11/2− orbital is bathing is a sea of NEGATIVE-parity orbitals

I. Ragnarsson, priv. comm.
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The LuWuSiA setup
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The Silicon Box
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The Silicon Wall
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Detector punchthrough

L.G. Sarmiento Lund University SFS-KF. Nov. 2014



Detector punchthrough
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New artifacts and

¨striped¨ behavior.
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