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Physics objectives: SHE Superheavy nuclei?

Island of stability?
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Transfer reaction studies
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Rather wide angular distribution of reaction fragments:
separators of a new kind are needed!
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Deep-inelastic studies at zero degree

V.1. Zagrebaev and W. Greiner, PRC 83 (2011) 044618
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of the superheavy nuclei
reveals grazing feature

but is also forward directed.

Energy—angular distribution of primary heavy fragments (A > 270) in the laboratory system.
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Towards superheavy elements (MNT)
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Theoretical calculations: 136 Xe+238U

A. Karpov and V.V. Saiko, Phys. Rev. C 96, 024618 (2017): LANGEVIN MODEL SIMULATION

136X e 4+ 238U @ E,~490 MeV i.e. E;4;,~5.67 MeV /n around 0°
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First basics

(Using Vamos gas-filled co

simulations
de by Ch. Theisen)

136Xe + 238U @3.7MeV /n around 0°

Beam Brho Gas Ghiorso

Reaction kinematics

calculations:
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beam and of the produced
246Cm nuclei.

Beam intensity: 20 pnA

GS efficiency: 15% at 200 keV
AGFA efficiency: 50%

DSSD efficiency: 50% ().
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Multinucleon transfer reactions (MINT) at Argonne

- Proof-of-principle experiment to study neutron-rich heavy nuclei using MNT reactions
- 1st MINT reaction using AGFA @ANL to produce heavy nuclei

- Beam: 13*Xe @605, 705 and 809MeV Target-like products identification
- Target: 238U (UF4 300pg/cm? + C 40ug/cm?) ™ incidences)

- Innovative solutions to increase AGFA helium pressure
up to 3Torr (Ti window after the target chamber)
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AGFA Monte-Carlo optical
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Accepted experiment #1786 QATLAS

4 - 10t November 2019

Z. Favier (PI), D. Seweryniak (Co-PI): Synthesis of heavy and superheavy
neutron-rich nuclei in multinucleon transfer reactions close to 0°

136Xe+238U @3.3, 4.4 and 5.9MeV /u, 2 pnA
Gammasphere-AGFA-XArray
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Analysis scheme

DSSD

1\

DETECTORS

Gammasphere Focal plane XArray
(up to 110 GeHP) (4 Clovers GeHP)
l Analogic signals l Analogic signals
n
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m ~n :m
DGS digitizers DFMA digitizers XArray digitizers
start run 1
Numeric signals Numeric signals stop run
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Y-Y matrix Doppler corrected and calibrated
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Data cleaning — conditions

Plotted with cond. on 145 < TS(GS-PPAC) < 155 10ns
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o Ground band of the 238U
238U rotational band ounc state band o ey
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S3 in the SPIRAL2 project

Very high intensity beams (LINAG)

- Deuterons and stable heavy beams

- Epeam= Up to 14.5 MeV/u

- Intensity 10'*ion/s
beyond 1ppA (= 10'3pps)

S3: Exceptional transmission/selection combination
- High rejection > 10%3
- High transmission 50%
- Mass resolution > 1/350

A cutting-edge instrumentation for S3

(SIRIUS, LEB, FISIC...)
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S3: Super Separator Spectrometer

o Structure and reaction mechanism
5007 for heavy and super-heavy nuclei

Beam

S3: Super Separator Spectrometer
Magnetic rigidity acceptance of =7%
Charge state acceptance of +10%
Angular acceptance of +50 mrad

Max. magnetic rigidity: Bp, .. = 1.8Tm
Max. electric rigidity: Ep_ .. = 12MV

)
YVVVVYVYY

. ® Decay station
6| SIRIUS

!l Delayed spectroscopy
[someric/decay spectroscopy
at the mass dispersive focal
plane (a, e-, fission, y)

BE A
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SIRIUS decay station

Tracker i Tunnel DSSD

Ge-array

a/e /SF

L

Recoils §
: y / y

—

a};'/SF | y

. Silicon detectors: ,
Time of Flight: - Charged particle discrimination
 Emissive foil . for recoil, beta and decay alpha | .
 Thin windows - High resolution alpha and y-ray detection :
- High Time resolution conversion electron spectroscopy . -5 EXOGAM clover detectors
- Mass Identification - Measurement of TKE for - Efficiency of 40% at 121 keV

spontaneous fission

A/AA ~300
/ - Access to short decay times

Digital electronics with PSA:
Digital signal processing

= R
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SIRIUS decay station QCEA /Irfu
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DSSD test bench @QCEA /Irfu DSSD

128 strips x
128 strips y

Testing of DSSD, full electronics chain, with tri-alpha sources
Digital Signal Processing with Pulse Shape Analysis (Jordanov Filt.)
Characterization of the DSSD/ front-end electronics

Write online and offline codes for data acquisition

Different temperatures (-20, 0, +20°C)

Test of low gain and high gain

Use a pulse generator to simulate high energies events Thickness: 300 pm
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Energy_Spectrum
= . Entries 6e+07
- Tri alpha (239Pu, 241Am, 244Cm) Mean 5438
. Trace_Spectru —
2 trum T 800 — Std Dev 267.5
3000— [ e 6402302007 — Underflow 0
Voan s134 - Overflow 0
o m :ln: 700 — Integral 6.674e+04
- oveton - N Constant 667.5+8.0
E riogra 180108 - Mean 5156 £ 0.1
. zoooé - = 600 - Sigma 9.85 +0.11
3 1500 — —
r %) 500 —
1000} c —
E 3 —
sooF— O 400—
" 200 w & 000 300—
200— i
— \ 1
Trace = T i |
100— nl Ay I
- [V | -J N i J
— f v Ay { )
0 Tt ’-‘1*""""‘1““"“'1 L N -~-»"-"‘~1W‘} | aadi 1]“- 20 ke Apnpr A | A L 1 | 1 1
5000 5200 5400 5600 5800 6000
Energy

B A §

Zoé Favier — CEA Saclay/Irfu



SIRIUS Day 1 experimental plan

The selection of day one experiments for S3 was made to determine out the list of
pre-proposals with “high impact” (discovery & unique proposals for S3) and feasibility.
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Conclusions and perspectives

» Looking for heavy and Super Heavy Nuclei
- Detailed spectroscopy of Very and Super-Heavy Nuclei (SHN)
- Provide information on the nuclear landscape at the upper limit of the nuclear
chart and on the nature of the predicted island of stability.

» New reaction mechanisms
- At ANL: MNT 136Xe+238U reaction at 3.3, 4.4 and 5.9 MeV /u (2-4pnA)

- This experiment is a proof-of-principle for MNT using the newly
developed AGF A gas-filled separator.

- Less beam intensity than planned.

- Beam from @QATLAS using Gammasphere+ AGFA+XArray

- Identified 238U GS rotational band.

- Analysis is on going with delayed and prompt coincidences to
identify other heavy nuclei produced by MNT

- March 2021: new proposal to be submitted at the ATLAS PAC
- New MNT experiments at ATLAS using GS+AGFA/FMA
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Conclusions and perspectives

» Developping a cutting-edge technology
- SIRIUS in the SPIRAL2/S3 framework
- SIRIUS = “Spectroscopy and Identification of Rare Isotopes Using S3”

- All the different parts of SIRIUS have been tested offline
@IPHC, 1JClab, GANIL and IRFU test benches

- Ongoing: electronic tests QCEA /Irfu F]
- March 2021: first tests of SIRIUS QGANIL
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