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Diagram adapted from Karlsruhe Nuclide Chart – New 10th edition 2018 [1]
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Chart of Known Nuclides

Z ≥ 104

Immense Coulomb repulsion
⇓

Stability explainable through 
quantum effects only !

Diagram adapted from Karlsruhe Nuclide Chart – New 10th edition 2018 [1]
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Why�Study�Superheavy�Elements?

Reason 1: To refine our understanding of nuclear structure by the finding the next shell gaps!

Shell model ⟶ spherical gaps
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Why�Study�Superheavy�Elements?

Shell model ⟶ spherical gaps

Nuclear deformation ⟶ deformed gaps
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Why�Study�Superheavy�Elements?

Shell model ⟶ spherical gaps

Nuclear deformation ⟶ deformed gaps

Deformed GapsSpherical Gaps

By extrapolating the data measured for deformed gaps, we 
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ia
gr

am
 a

da
pt

ed
 fr

om
 P

io
t J

ul
ie

n,
 T

he
si

s 
(2

01
0)

 [
3]

D
ia

gr
am

 a
da

pt
ed

 fr
om

 J
. D

ud
ek

, p
riv

at
e 

co
m

m
un

ic
at

io
n.

D
ia

gr
am

 a
da

pt
ed

 fr
om

 N
ils

so
n 

et
 a

l. 
(1

96
9)

 [2
]

Reason 1: To refine our understanding of nuclear structure by the finding the next shell gaps!



3

Number�of�neutrons�(N)

N
u
m
b
e
r�
o
f�
p
ro
to
n
s�
(Z
)

Z ≥ 104

Linda�Müller���|���M2�PSA��|���Internship�Defense�2024���|��Exploration�of�the�Island�of�Stability�|��20th of�June�2024

Figure adapted from Schädel et al. (2012) [4] 

N = 162

Z = 108

Immense Coulomb repulsion
⇓

Stability explainable through 
quantum effects only !

The�next�island�of�stability

Diagram adapted from Karlsruhe Nuclide Chart – New 10th edition 2018 [1]
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Z = 108

?

Immense Coulomb repulsion
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Stability explainable through 
quantum effects only !

The�next�island�of�stability

Diagram adapted from Karlsruhe Nuclide Chart – New 10th edition 2018 [1]

Figure adapted from Schädel et al. (2012) [4] 
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Why�Study�Superheavy�Elements?�Another�Motivation

Z = 118 complete the 7th period of the periodic table of 
elements and fits into the noble gas column. However...

New electron shell
Figure from Benoît Gall, private communication.

Article from Smits et al. (2020) [5]

Reason 2: To refine our understanding of atomic structure by studying the chemical properties of new elements!
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Challenge n°1 - Exceedingly small cross-sections

Experimental�Challenges�for�Synthesizing�SHE
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Figure from S. Hofmann (2015) [6]



5

Challenge n°1 - Exceedingly small cross-sections

~20 fb

Example: Z = 113 (Nihonium)

Cross-Section ~ 20 fb

Atoms produced: 3

Cumulated Beam Time ~ 3 years

Cumulated Dose ~ 1019 particles
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Experimental�Challenges�for�Synthesizing�SHE

Figure from S. Hofmann (2015) [6]
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Challenge n°2 - Targets

~ 3 x 1013 particles per second

~ 2 cm2
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Challenge n°2 - Targets

~ 3 x 1013 particles per second

~ 2 cm2

Melting from extreme temperatures!

Solution: rotating wheel inside a gas 
to help with heat dissipation 

~ 2000 rpm
(rotations per minute)

Sector ta
rgets
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Experimental�Challenges�for�Synthesizing�SHE

Photograph from Sakai et al. (2022) [7]
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Target

Incoming heavy
ion beam

Parasite reactions X Desired Outcome: Fusion-Evaporation✓
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Figure from Olivier Dorvaux, private communication.

RIKEN�Experimental�Setup�for�Synthesizing�SHE
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Incoming 
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Diagram from Kaji et al. (2013) [8]
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RIKEN�Experimental�Setup�for�Synthesizing�SHE
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VETO DetectorDSSD

ADC
(Amplitude-to-Digital 

Converter)

Time-of-Flight Detector

95 Signal Amplitudes 
(62 + 32 Strips & 1 Veto)

TDC
(Time-to-Digital 

Converter)

QDC
(Charge-to-Digital 

Converter)

TDC1

Time-of-Flight

TDC2 QDC1 QDC2

Available Data for 1 Event

DSSD Implantation = Trigger

Clock

Timestamp
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D
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 from
 Sakai et al. (2022) [7]

RIKEN�- Data�Acquisition�Chain�
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1 strip = 1 calibration
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D
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RIKEN�- Data�Acquisition�Chain�

(1 strip = 1 calibration) x 2 data sets
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Calibration Results

1
2

3
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Time-of-Flight 
(ToF) Detector

Double-sided 
Silicon Strip 

Detector (DSSD)

Light particles

VETO 
Detector
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Time-of-Flight 
(ToF) Detector

Double-sided 
Silicon Strip 

Detector (DSSD)

Light particles

VETO 
Detector

The VETO detector gives us insight about two 
interesting phenomena:

1. An electronic noise band ~ (0 to 200 a.u.)
2. The Bragg peaks of the light particles 

traversing the DSSD

Linda�Müller���|���M2�PSA��|���Internship�Defense�2024���|��Exploration�of�the�Island�of�Stability�|��20th of�June�2024

Data�Selection�- Veto�Detector�
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Data�Selection�- QDC�(Charge-to-Digital�Converter)
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The QDC gives us insights about many different physical phenomena that occur inside the DSSD.

Data�Selection�- QDC�(Charge-to-Digital�Converter)
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Data�Selection�- ToF�(Time-to-Flight)
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Data�Selection�- ToF�(Time-to-Flight)

All events (no selection):
• 44,885,230 entries total
• 6,534,106 entries inside 

Events after Veto & QDC cuts:
• 6,088,896 entries total
• 5,990,440 entries inside 

Notice the difference before and after 
applying Veto and QDC selection!

~86% of the original events have been 
rejected with only an 8% difference inside 

the dashed lines.
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Method:

1) Select an event fulfilling recoil criteria
2) Locate Pixel
3) Wait for an alpha decay inside the same pixel
4) Subtract decay event and recoil event timestamps
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How�do�I�identify�an�implanted�nucleus?�

Method:

1) Select an event fulfilling recoil criteria
2) Locate Pixel
3) Wait for an alpha decay inside the same pixel
4) Subtract decay event and recoil event timestamps

𝑇!" 	− 	𝑇#$%&'

5) Plot 𝐿𝑜𝑔((𝑇!" 	− 	𝑇#$%&') vs 𝐸! to identify nucleus!
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Plotting�an�Excitation�Function

What I am looking for What I use to find it 
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First alpha decay energy (keV)

246Fm

Plotting�an�Excitation�Function:�(2)�Identifying�246Fm�Fission�Fragments

Lower limit: lowest ⍺ decay

Upper limit: 
5 x 𝑡"/$ (246Fm)

Fi
ss

io
n

Fr
ag

m
en

tS
ea

rc
h 

W
in

do
w



18Linda�Müller���|���M2�PSA��|���Internship�Defenses�2024���|��Exploration�of�the�Island�of�Stability�|��20th of�June�2024

Plotting�an�Excitation�Function:�Example�for�246Fm�
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246Fm alpha decay

⍺ decay energy [4 MeV - 10 MeV]



18Linda�Müller���|���M2�PSA��|���Internship�Defenses�2024���|��Exploration�of�the�Island�of�Stability�|��20th of�June�2024

Plotting�an�Excitation�Function:�Example�for�246Fm�
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246Fm alpha decay 246Fm Spontaneous Fission Fragments

⍺ decay energy [4 MeV - 10 MeV] Fission fragment energy [70 MeV - 200 MeV]
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𝜎 =
𝑁*%+%&+%*

𝑑𝑜𝑠𝑒	×	𝑒	×	𝜀

(target thickness)

(detection efficiency)
(cross-section)
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Plotting�an�Excitation�Function:�Computing�the�Experimental�Cross-Section

Results for all beam energies and all evaporation channels
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Plotting�an�Excitation�Function:�Final�Result
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b) Excitation function for the 208Pb(40Ar,xn)248-xFm reaction
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The reaction I studied was
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"$()*𝐷𝑏 + 𝑥𝑛 (for a single beam energy)

Identifying�Rare�Event�Decay�Chains
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"$()*𝐷𝑏 + 𝑥𝑛 (for a single beam energy)

Identifying�Rare�Event�Decay�Chains

Why study this reaction?

This reactions acts as a surrogate for the reaction used to synthesize element 119 for which the data is 
confidential. It uses the same beam on a different target and requires the same type of search algorithm.
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The reaction I studied was
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Identifying�Rare�Event�Decay�Chains

What I am looking for What I use to find it (?) 
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First alpha decay energy (keV)

The isotopes we are 
looking for are drowned 
in the background…

Identifying�Rare�Event�Decay�Chains
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Identifying�Rare�Event�Decay�Chains�:�Genetic�Correlations
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A genetic correlation matrix is a powerful tool extract rare events from an overwhelming background.
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Identifying�Rare�Event�Decay�Chains�:�Genetic�Correlations
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The theoretical knowledge I acquired:

• Nuclear reaction mechanisms

• Nuclear structure and stability 

Conclusion�&�The�Future�of�SHE�Physics
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The theoretical knowledge I acquired:

• Nuclear reaction mechanisms

• Nuclear structure and stability 

What I accomplished:

• I computed the excitation function of  ",-.𝐴𝑟 + ,$
$.,𝑃𝑏	and determined which beam energies 

favored which evaporation channels.

• I successfully extracted the decay chains of 257Db from an overwhelming amount of 

background events.
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Photograph: LINAC at the Nishina Center for Accelerator Based Science (link)

The theoretical knowledge I acquired:

• Nuclear reaction mechanisms

• Nuclear structure and stability 

What I accomplished:

• I computed the excitation function of  ",-.𝐴𝑟 + ,$
$.,𝑃𝑏	and determined which beam energies 

favored which evaporation channels.

• I successfully extracted the decay chains of 257Db from an overwhelming amount of 

background events.

The future of SHE physics:

• Elements 119 and 120 are being synthesized at RIKEN (Japan) and Berkeley (USA) 

laboratories

• Ongoing programs for SHE spectroscopy worldwide (France, Finland, USA, Russia)

• Metallic Beams & target backings are being researched by our colleagues at IPHC!

Conclusion�&�The�Future�of�SHE�Physics
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Backup 1 - “Semibubble” Structure Prediction
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Backup 1 - Cross-Section
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Backup 2 - Range-Energy Relation for Alpha Particles in Silicon
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Backup 3 - Genetic Correlations for Z = 113
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Protons

DSSD Front 
Side 

Saturation

Alpha lower 
limit ~ 3.5 MeV

Alpha upper limit ~ 12 MeV
(Reason: 119’s alpha is expected around 12 

MeV + no pile-up issue with Fm)

Backup 4 - DSSD Front Side Saturation
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X Side Energy Spectrum for Internal Events 

Alpha Decays

Backup 4 - Alpha Decay Spectrum 
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