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with atomic number Z ≥ 100

Characterised by zero fission barrier in the Liquid 
Drop Model (LDM)

Superheavy nuclei exist because of the 
stabilising effects of the quantum shells
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Require an efficient detection system: 
• High detection efficiency  
• Position sensitive detectors (large pixelization) 
• Good energy and time resolution (~ 20 keV, ~500 ps) 
• Good acquisition system (negligible dead time)

SIRIUS (Spectroscopy and Identification of 
Rare Isotopes Using S3)

The focal plane detection system of S3

Designed to detect heavy ions and their 
subsequent decays 
(α, β, γ, internal conversion e-, X rays 
and Fission Fragments)

©J. Piot/GANIL
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automatically:
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MeV



 
Performance of the DSSD in high gain mode with a 3-alpha 
source

0 100 200 300 400 500 600 700 800 900
Sample number

7800

8000

8200

8400

8600

8800

9000

9200

Traces from 1 DSSD strip

!11



 
Performance of the DSSD in high gain mode with a 3-alpha 
source

0 100 200 300 400 500 600 700 800 900
Sample number

7800

8000

8200

8400

8600

8800

9000

9200

Traces from 1 DSSD strip

0 100 200 300 400 500 600 700 800 900
Sample number

1500−

1000−

500−

0

500

1000

1500

V. T. Jordanov et al. NIMA,345(1994),337-345. 

Trapezoidal filter

!11



 
Performance of the DSSD in high gain mode with a 3-alpha 
source

0 100 200 300 400 500 600 700 800 900
Sample number

7800

8000

8200

8400

8600

8800

9000

9200

Traces from 1 DSSD strip

0 100 200 300 400 500 600 700 800 900
Sample number

1500−

1000−

500−

0

500

1000

1500

V. T. Jordanov et al. NIMA,345(1994),337-345. 

Trapezoidal filter

!11

0 200 400 600 800 1000 1200 1400
ADC ch

0

100

200

300

400

500

C
ou

nt
s/

ch

Raw spectrum

Source: (239Pu, 241Am, 244Cm)



 
Performance of the DSSD in high gain mode with a 3-alpha 
source

0 100 200 300 400 500 600 700 800 900
Sample number

7800

8000

8200

8400

8600

8800

9000

9200

Traces from 1 DSSD strip

0 100 200 300 400 500 600 700 800 900
Sample number

1500−

1000−

500−

0

500

1000

1500

V. T. Jordanov et al. NIMA,345(1994),337-345. 

Trapezoidal filter

!11

5000 5100 5200 5300 5400 5500 5600 5700 5800 5900
 E (keV)

0

50

100

150

200

250

 s
tri

ps

Calibration of 256 strips

0 200 400 600 800 1000 1200 1400
ADC ch

0

100

200

300

400

500

C
ou

nt
s/

ch

Raw spectrum

Source: (239Pu, 241Am, 244Cm)



 
Performance of the DSSD in high gain mode with a 3-alpha 
source

0 100 200 300 400 500 600 700 800 900
Sample number

7800

8000

8200

8400

8600

8800

9000

9200

Traces from 1 DSSD strip

0 100 200 300 400 500 600 700 800 900
Sample number

1500−

1000−

500−

0

500

1000

1500

V. T. Jordanov et al. NIMA,345(1994),337-345. 

Trapezoidal filter

!11

5000 5100 5200 5300 5400 5500 5600 5700 5800 5900
 E (keV)

0

50

100

150

200

250

 s
tri

ps

Calibration of 256 strips

0 200 400 600 800 1000 1200 1400
ADC ch

0

100

200

300

400

500

C
ou

nt
s/

ch

Raw spectrum

Source: (239Pu, 241Am, 244Cm)

FWHM = 20.9(5) keV



 

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

!12

DSSD: Auto Gain 
Floating Point Charge Sensitive Amplifier (FPCSA)

Switching feedback capacitor to 

change gain as a function of output signal level



 

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

!12

DSSD: Auto Gain 
Floating Point Charge Sensitive Amplifier (FPCSA)

HG

Internal Injection 

Return to HG

Gain switch

LG

Switching feedback capacitor to 

change gain as a function of output signal level



 

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

!12

DSSD: Auto Gain 
Floating Point Charge Sensitive Amplifier (FPCSA)

HG

Internal Injection 

Return to HG

Gain switch

LG

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

Switching feedback capacitor to 

change gain as a function of output signal level



 

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

!12

DSSD: Auto Gain 
Floating Point Charge Sensitive Amplifier (FPCSA)

HG

Internal Injection 

Return to HG

Gain switch

LG

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

Sample No.
0 100 200 300 400 500 600 700 800 900

ar
. u

.

0

2000

4000

6000

8000

10000

Switching feedback capacitor to 

change gain as a function of output signal level



 

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

!12

DSSD: Auto Gain 
Floating Point Charge Sensitive Amplifier (FPCSA)

HG

Internal Injection 

Return to HG

Gain switch

LG

Sample No.
0 100 200 300 400 500 600 700 800 900

 A
D

C
 c

h

8000

8200

8400

8600

8800

9000

Sample No.
0 100 200 300 400 500 600 700 800 900

ar
. u

.

0

2000

4000

6000

8000

10000

FWHM ~ 100 keV 
1%

Test with 3-alpha source

Switching feedback capacitor to 

change gain as a function of output signal level



 
Tunnel

!13

Thickness:  ≈ 500 μm
Active area:  ≈ 10 × 10 cm2

Dead layer: ∼ 30 nm (Windowless)

Detector Characteristics

@J. Piot (GANIL)

4 Strippy pad

 silicon detector

64 pixels 
24 Macro pixels 

P. Brionnet et al. Nucl. Inst. Meth., A 1015 (2021) 165770

3

2

2

3

K

I

A B C D

E F G H

L

J



 
Tunnel

!13

Thickness:  ≈ 500 μm
Active area:  ≈ 10 × 10 cm2

Dead layer: ∼ 30 nm (Windowless)

Detector Characteristics

@J. Piot (GANIL)

4 Strippy pad

 silicon detector

64 pixels 
24 Macro pixels 

P. Brionnet et al. Nucl. Inst. Meth., A 1015 (2021) 165770

3

2

2

3

K

I

A B C D

E F G H

L

J

Numexo2Adaptation box

HDMI Cables
Traces NOT saved 
in a disk 
Processed online

2 x 48 Digital FeedBack

 Charge Sensitive Preamplifiers

GRU 
C++ code



 
Tunnel

!13

Thickness:  ≈ 500 μm
Active area:  ≈ 10 × 10 cm2

Dead layer: ∼ 30 nm (Windowless)

Detector Characteristics

@J. Piot (GANIL)

4 Strippy pad

 silicon detector

64 pixels 
24 Macro pixels 

P. Brionnet et al. Nucl. Inst. Meth., A 1015 (2021) 165770

3

2

2

3

K

I

A B C D

E F G H

L

J

Numexo2Adaptation box

HDMI Cables
Traces NOT saved 
in a disk 
Processed online

2 x 48 Digital FeedBack

 Charge Sensitive Preamplifiers

GRU 
C++ code

ADC 
14 bits

200 MHz

CSP
FPGA 
Vertex 6

Analyse

Detector

Cd

DAC 
14 bits



 
Tunnel

!13

Thickness:  ≈ 500 μm
Active area:  ≈ 10 × 10 cm2

Dead layer: ∼ 30 nm (Windowless)

Detector Characteristics

@J. Piot (GANIL)

4 Strippy pad

 silicon detector

64 pixels 
24 Macro pixels 

P. Brionnet et al. Nucl. Inst. Meth., A 1015 (2021) 165770

3

2

2

3

K

I

A B C D

E F G H

L

J

Numexo2Adaptation box

HDMI Cables
Traces NOT saved 
in a disk 
Processed online

2 x 48 Digital FeedBack

 Charge Sensitive Preamplifiers

GRU 
C++ code

ADC 
14 bits

200 MHz

CSP
FPGA 
Vertex 6

Analyse

Detector

Cd

DAC 
14 bits

High Energy resolution using 
DFCSP  
From 20 to 150 MeV

< 0,03 %

Linearity on overall range < 1.5%
Dead time < 5 µs
High gain resolution @ 6 MeV 13,5 keV
Linearity < 0,8 %
Dead time using MWD < 8 µs

FEE Specifications



 
Tunnel

!13

Thickness:  ≈ 500 μm
Active area:  ≈ 10 × 10 cm2

Dead layer: ∼ 30 nm (Windowless)

Detector Characteristics

@J. Piot (GANIL)

4 Strippy pad

 silicon detector

64 pixels 
24 Macro pixels 

All 4 tunnel detector has been instrumented 
With all 6 Numexo2 boards 

P. Brionnet et al. Nucl. Inst. Meth., A 1015 (2021) 165770

3

2

2

3

K

I

A B C D

E F G H

L

J

Numexo2Adaptation box

HDMI Cables
Traces NOT saved 
in a disk 
Processed online

2 x 48 Digital FeedBack

 Charge Sensitive Preamplifiers

GRU 
C++ code

ADC 
14 bits

200 MHz

CSP
FPGA 
Vertex 6

Analyse

Detector

Cd

DAC 
14 bits

High Energy resolution using 
DFCSP  
From 20 to 150 MeV

< 0,03 %

Linearity on overall range < 1.5%
Dead time < 5 µs
High gain resolution @ 6 MeV 13,5 keV
Linearity < 0,8 %
Dead time using MWD < 8 µs

FEE Specifications



 

S

N

W

Q

K

A

R T

O P

L X

I J U V

HGFE

MB C D

!14

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

6000

7000

S

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

12000

14000

16000

N

5000 5200 5400 5600 5800 6000 6200 64000

200

400

600

800

1000

1200

1400

1600

1800

2000

W

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

6000

7000

8000

Q

5000 5200 5400 5600 5800 6000 6200 64000

200

400

600

800

1000

1200

1400

1600

1800

K

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

E

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

P

5000 5200 5400 5600 5800 6000 6200 64000

200

400

600

800

1000

1200

1400

1600

1800

2000

X

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

12000

14000

16000

18000

D

5000 5200 5400 5600 5800 6000 6200 64000

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

L

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

6000

7000

8000

G

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

12000

B

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

12000

14000

O

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

6000

7000

8000

R

5000 5200 5400 5600 5800 6000 6200 64000

500

1000

1500

2000

2500

3000

U

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

12000

14000

16000

18000

M

5000 5200 5400 5600 5800 6000 6200 64000

500

1000

1500

2000

2500

I

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

A

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

T

5000 5200 5400 5600 5800 6000 6200 64000

500

1000

1500

2000

2500

V

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

6000

7000

8000

H

5000 5200 5400 5600 5800 6000 6200 64000

500

1000

1500

2000

2500

3000

J

5000 5200 5400 5600 5800 6000 6200 64000

2000

4000

6000

8000

10000

12000

14000

16000

C

5000 5200 5400 5600 5800 6000 6200 64000

1000

2000

3000

4000

5000

6000

F

S N W Q K E

P X GLD B

URO M I A

FCJHVT

Performance of the Tunnel detectors

5200 5400 5600 5800
 E (keV)

0

5

10

15

20

25

gr
ou

pe
d 

pi
xe

l

FWHM = 18.3(2) keV

@ 5.8 MeV  
with Bias Voltage 70 V and Temp = -20 C



 
Tracker

!15

Mylar foil Thickness:  ≈ 0.9 μm
Active area (in beam):  ≈ 20 × 10 cm2

Detector Characteristics

10 kV polarisation 
Distance from the DSSD 895.6 mm 
strips : 87 in X and 63 in Y 
good time resolution (~ 100 ps) and 
position resolutions ( ~0.5 mm) 

Gas(isobutane) pressure:  ≈ 6 − 7 mbar



 
Time of Flight test using a 252Cf source
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SED

Si

AR8

CSA

NUMEXO2

Fast-timing amplifier

Timestamp difference between Si and SED signals

Collimated

Light FF

Heavy FF

σlig h t FF = 324 ± 148 ps

Using digital CFD
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Time of Flight test using a 252Cf source

E (Front Strips)

Front strips’ traces: Gain switched Front strips’ traces: Gain not switched

Time of flight from the DSSD and tracker timestamps

Fission fragments
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Time of Flight test using a 252Cf source

Analysis still ongoing to extract the time resolution using the CFD method



 

!19

Time of Flight test using a 252Cf source

Analysis still ongoing to extract the time resolution using the CFD method

Timestamp alignment



 

!19

Time of Flight test using a 252Cf source

Analysis still ongoing to extract the time resolution using the CFD method

Timestamp alignment

Merging of data for highly asymmetric data flow from various modules is 
being prepared for both online and offline analysis  

16 Numexo2 modules for 
the DSSD 6 Numexo2 modules for 

the tunnel detectors
1 Numexo2 module for 
the tracker time signal

GET

For the tracker 
Time and position 

information
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{✦Data analysis programs
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✦Offline analysis program
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✦ Calibration and digital parameter optimisation
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Conclusions and outlook

• The DSSD and the tunnel detectors have been fully instrumented

• Their performance has been tested

• The stability of the acquisition system has been tested

• Integration of the (GET) Tracker and the SIRIUS acquisition systems 

• Full test of the tracker with SIRIUS setup using a 252Cf source is ongoing

• Data analysis softwares are updated continuously for the users
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Next Steps:
June 2023: In-beam test of the SIRIUS setup

๏Measurement of the time resolution  

๏Tracking of the heavy ions

๏Check the functionality of the full setup

After June 2023:

๏ Integrate Exogam Clover detectors 

๏Check alpha-gamma, alpha-electron, gamma-electron coincidences (source)

SIRIUS will be ready by the end of this year
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