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Motivation = ANGh—

Explore:

* Nuclear structure of exotic nuclei

 Nature of the Nuclear interactions at large Z and A using decay spectroscopy
* The limits of nuclear stability

An island of stability - the next magic
numbers beyond Z =82 and N = 126

I9(TsF/s)

Proton number Z

Neutron number N 150 160 170 180 184 190 200
—

S. Hofmann et al., Pure and Applied Chemistry, 90, no. 11, 2018, pp. 1773-1832
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Explore:

* Nuclear structure of exotic nuclei

* Nature of the Nuclear interactions at large Z and A using decay spectroscopy
* The limits of nuclear stability

Theories predict shell closures at different locations

Density Functional Z =126 .
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Challenge: Production of SHN @/ﬁ“%m
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Challenge: Production of SHN =EA
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Challenge: Detection of SHN =a x

SPIRAL2-LINAC S3 Collaboration., Déchery, F., Drouart, A. et al., Eur. Phys. J. A 51, 66 (2015).
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'g3 (Super Separator Spectrometer)

Large Acceptance : > +50mrad

High Transmission:

~ 50%asymmetric reactions (Ca + Pb)
~ 20% very asymmetric reactions (Ne + U)

Good Mass Separation: AM /M ~ 1/500

Designed to perform experiments using
fusion evaporation reaction with very
, low cross-sections .
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: SIRIUS (Spectroscopy and Identification of
Rare Isotopes Using S9)

Tracker Tunnel

The focal plane detection system of S3

Designed to detect heavy ions and their
subsequent decays

(a, B, v, internal conversion e-, X rays
and Fission Fragments)
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Spectroscopy and Identification of Rare Isotopes Using S° pra[
SIRIUS) e cenosi -

’ ToF and ion tracking ‘

Distance = 110.38 cm
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128 x 128 strips
* 2 16384 piels u s ?

Serve as a marker to identify the recoil events from the decay events

Measurement of :
> Lifetimes

At the focal plane (Position-sensitive) detector: " Energies

recoil-decay, decay-decay correlations Decay modes
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Spectroscopy and Identification of Rare Isotopes Using S° C=A

SIRIUS)

25

absolute efficiency [%]

Detect escaping charge particles from the DSSD

Recoils from S3

From Geant4 simulations done by K. Hauschild
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From Geant4 simulations done by K. Hauschild
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Identify different transitions from :
> Alpha-electron correlation

> Alpha-gamma correlation

> Electron-gamma correlation

>

Measurement of :

> Lifetimes

> Excitation energies

> Multipolarity of the transitions
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DSSD

DSSD in vacuum

Floating Points Charge
Sensitive Amplifiers

- Detector Characteristics
Active area: ~ 10X10cm?
Thickness: =~ 300um

Dead layer: ~ 50nm
128 x 128 Strips

Adaptation
board
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200 MHz digitisation
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d
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Advantage: Only 1 output
for digitisation

Has ability to switch gain

automatically:

« Low gain 10 MeV - 500
MeV

« High gain 21 keV - 40

MeV
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GRU
C++ code

/

Traces saved in a
disk
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Detect alpha, e-, fission fragments and beam

AR I M| !
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> remove pile-up
> detection of short-
decays

Whole DSSD has been instrumented with all 16 Numexo2 boards
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Performance of the DSSD in high gain mode with 3-alpha souree |
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V. T. Jordanov et al. NIMA,345(1994),337-345.
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Performance of the DSSD in high gain mode @/\%
with 3-alpha source

Optimisation of the trapezoidal filter parameters
FWHM of a single strip as a function of k and m
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DSSD: Auto Gain C= A\

ﬂ @
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Floating Point Charge Sensitive Amplifier (FPCSA)
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: 2 x 48 Digital FeedBack Adaptation b
4 Stri ad " i aptation box Numexo2 GRU
o Charge Sepsitive Breamplifiers, . - o @ o o o o e e e - f C++ code
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2 L. | i LA A A
,Detector Characteristics I Fa TR
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. Active area: = 10xX10cm 1
) 1
" Thickness: = 500um .
0 H . FEE Specifications
1 Dead layer: ~ 30nm (Windowless) "
64 Di | High Energy resolution using 0,03 %
" pixels
i - . DFCSP
, 24 Macro pixels 0 From 20 to 150 MeV
mEmEmEmEmEmEmEmEmEEmEEE=m=-—-—- |Linearityon overall range < 1.5%
P. Brionnet et al. Nucl. Inst. Meth., A 1015 (2021) 165770 ST .
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67
Ju
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72 10 3 » w4

High gain resolution @ 6 MeV (13,5 keV

Linearity <0,8%

Dead time using MWD < 8 us

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

l -] ’ (@) ! U l (V)]

FWHM @ 5.8 MeV
with Bias Voltage 70V and Temp =-20C
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Heavy lons (E < 10MeV/A - Z>10)

L. ] Emissive foil Vf=10 kV

:Detector Characteristics i o > Mylar 0,6 pn+ Aluminium 30nm
1 1 . _s— R e - Accelerating grid Vg= O Volts
. Active area (in beam): ~ 20X10cm? " '

|
| . . .
« Mylar foil Thickness: ~ 0.9um - SER TR T B

|
: Gas(isobutane) pressure: ~ 6 — 7mbar i Vi it 0 -
1 : DETECTION *°°°**9°° *Vstrips (Wires) PPAC

Low Pressure MWPC
I----------------------- GAZ (BB e oo oo HT + MWPC
C4Hqq -4 Torr

X Strips
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Time of Flight test using a 252Cf source =" “gli—
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Time of Flight test using a 22Cf source
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Time of Flight test using a 252Cf source =" “gli—
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Beam tracking with SIRIUS = ANNGE—

110 cm —

Papper-pot masks

IRRSUD \

238

Se DSSD

=3
) :
>
o] :
4 :
Timing Signal J\ g .
Tracker DSSD - =
~\[ Y Strips
XY Strips X Strips
_1 O 1 1 1 i 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i 1 1 1 I 1 1 1
-10 -8 —6 -4 -2 0 2 4 6 8 10
Trigger g 120 :— -
£ 100 "z
> -
GET GTS 2 ol
@ 80
60
40
20k
I 0 - -

2 1 DSSD X (strip number)



Beam tracking with SIRIUS

X vs Y at distance = 1 cm away from the Tracker foil
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Beam focussing
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Possible reason for 2 peaks In the ToF spectr
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AN
Time resolution @”““
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Time resolution
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Time resolution
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Time resolution is expected to improve with the new firmware
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Conclusions and outlook ”‘“x

The DSSD, the tunnel detectors and the Tracker detector have been fully instrumented

Their performance has been tested
The stability of the acquisition system has been tested

Data analysis software are ready for the users

Next Steps:

 Test the new DSSD firmware )
* Integrate the EXOGAM Ge detectors ki

« Continue testing with sources/pulse
generators

Make SIRIUS ready for
experiments at S3®
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Time Alignment
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Developments for the users

4 Data analysis programs

For Ganil users

For External users

Required libraries

4 Online

GRU
{* Offline (VIGRU)

4 GRU SIRIUS e

Offline analysis program

4 Convert to ROOT (TTree) file

SIRIUS

User Lib

4 Calibration and digital parameter optimisation

CNRS/IN2P3

MFM, ROOT

[ Terminal - sirius@ganl2113:~ Oc(s] Exp@Sirius B
Fichier Edition Affichage Terminal Onglets Aide
l EE— -
Sl Sectroscopy and Identification of Rare Isotopes using S3 (SIRIUS) About Help
Necessary Check Boards ON/OFF Status Open Board config file Network Readiness
‘ Q . r
G ra p h I Cal U Se r I nte ace Setup Initialization Setup GTS Configure Numexo2 boards Auto Initialization
Miscellaneous function Show Firmware Version v OK
Data flow over Time
S bytes in Reboot Board 65 Reboot
1. g i i Reset Board 80 Acquision state OFF v Reset
| b
Mt iy
A AN )]
AMH‘ — 80
Al VAN A il " a1 Baseline Board Front Channel All Read Write 0x5500
Ouvrir v | & i ol Enregistrer E - o x — 69
[ T — — 65 Threshold Board = Back Channel | 1-4 Positive | Positive Read Write 0x300
2 # instructions 83
B# e Run.config = 73
4 # line staring with '#' character are considered comments .
5# all the variabales must have an '=' sign (Warning!!! do not remove the equality sign) 74 [loc=iEcaic DSSD 3 Read it 0x30 X Read e 0x40
6 # you can insert as many blank spaces you want as they are ignored, 71
7 # but please do not rename the variables into something else,
8# do not change the order of the words and do not change the spellings 92 Telnet Viewer DSSD v Open Close
— 64
GRU SIRIUS 76
PP ———— “ & i 78 Temperature Board 80 Measure
|
72
Flelist | FileMembers
GUser-bulld 1k Temperature 1 sec v Draw Close
Functions 70
GruScript.C File Reference — 79
87 Data Flow 1 sec - 3 sec - FRONT - Draw Close
This Macro runs GRU in online or offline mode. More 88 ————
#include <iostream>
#include <stdio.h> GRU Open Configuration file Launch Kill
#include <fstream>
#include <sstream>
#include <string> VIGRU Launch
#include <vector>
#include "TROOT.h"
#include "Tsystem.h" B
files will be named with [GUser Open Documentation Open Workspace Cmake Clean Make Make
Go to the source code of this file.
Functions
void Gruscript ()
It is the Main function. More.
void perform ()
It is the sub main function. More.
void Gru_Online (int &port, int &buffer_size, int &server_port)
To perform online analysis. More.
void Gru_offline (std::string **cmd, std::vector< std::string > runfiles)
To perform offline analysis of certain list of files. More
void Gru_offline (std::string **cmd)
To perform offline analysis. More.
void _Gru_Offline (std::string **cmd, int &port, int &buffer_size, int &server_port)
L
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