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Decay spectroscopy studies:

Isomers in decay spectroscopy

We detect all the possible emissions from the nuclei such as :
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GABRIELA @ SHELS universié

de Strasbourg

» Separator SHELS (JINR-IN2P3 collaboration) from existing VASSILISSA separator
» Time of Flight (2 MCP)

* Implantation detector (1 DSSD 128x128, 100.4 x 100.4 mm?)

* Tunnel detectors (4x2 DSSD 72x72, 50 x 60 mm?, 0.7 mm thick)

» High Pure Germanium detectors (4 monocrystals + CLODETTE clover)

GABRIELA [6][7]
SHELS [5] Gamma Alpha Beta Recoil Investigations
Super-Heavy Elements Separator with the Electromagnetic Analyzer

\ \
WClo ELN { M ' \

Iréne Joliot-Curie
Gt e Prysiaue (/\Bu bna 208Pp
Separator

Beam 48Ca | Recoil ?5No ‘ ‘

o \ i

A\ 4
CLOVER

HPGe detectors
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GABRIELA @ SHELS universié

ghields
BGO -

Efficiency largely improved
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eff = exp ( (p0+p1*log(E/100) + p2*log(E/100)*log(E/100))A-p6 + (p3+pd*log(E/1000)+p5*Iog(E/1000)*10g(E/1000))A-1/p6)
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p6 2.257:+0.01835
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Genetic Correlations (Time + Space)
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Example with a schematic nuclear structure
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Experiment's parameters
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208 48 254 i
Pb ( Ca, 2n) No reaction Parameters used for data analyze :

1. With BGO Veto (Anti-Compton detector)
* October 2019 (3 years ago)

« 3 weeks of beamtime 2. With / Without Add Back for the CLOVER detector
« 208Pb Target (99,99% pure) 3. Correlations :
* 233ug/cm? 1.5 ym Titanium backing
R - Epssp - Obsano
* “°Cabeam Recoil Isomers a-decay

* Intensity = 300 — 400pnA = 1,8E12— 2,5E12 pps
+ Beam Energy = 225 — 228 MeV

2 | s
|

L
»
*

L
= . -
« Calibration in « and e '%4Dy(*8Ca,xn)?'2"Rn reaction
: 133Ba and "%?Eu sources Coincidences

/ EtunneI/DSSD
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IPHC Energy — Lifetime correlation graph
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o from 254No

- More than 1 million O from 254No identified _ 49D '€ —
* 6.6 x 105 electrons from long-lived isomer g -
* 1.2 x 104 electrons from short-lived isomer T 35—
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AND gl 30
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Coincidence with short-lived isomer
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Coincidence with short-lived isomer LUt
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Total energy of decay after populating the short-lived isomer

1633 keV - Simulation GEANT 4
L Data
107 —
- 1633
B +/- 40 keV
10 =
1
I 1 1 1 ”H A 1 || 1 ’I | 1 || 1 1
_________________________________________ 0 500 1000 1500 2000

Energy (in KeV)
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Kr=16*

Energy of the conversion electrons (in tunnel) in coincidence with short-lived isomer

10° E
1633 keV i o mn+ for 605keV higher than
i E1 transition... Isitan E2 ?
10° =
10 =—
1=
= | 1 | | ‘ | | 1 | l 1 1 | | | 1 | | 1 ‘ | | 1 H““ M “ 1
0 100 200 300 400 500 600 700
Energy of the conversion electron (in keV)
R. M. Clark et al., Phys. Lett. B'B"690-(2010).19. ’ —
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(IPHC Coincidence with long-lived isomer  [unerte
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(iPHC Coincidence with long-lived isomer

Kr=16°
132 15+
N o8
........... 348|179 m
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T+ 35 5+
= 28) b+ /226 “
Ly 5J;H1173 16 I Gallagher-Moszkowski energy splitting :
o et 216keV
944
R. M. Clark et al., Phys. Lett. B'B"690-(2010).19. ’ —
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Energy of the conversion electron (in keV)
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2 solutions to this super conversion :

The existing 887keV is a very highly converted transition
(M4 or more)...

...But its lifetime doesn’t fit...

Contribution from an EO transition...

... Accidental mixing with EO contribution in 887keV
from 4+ to 4+

OR

...Interpreted as a pure and new EO transition
from 0+ state to Ground State !

——
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6+

4+

2+

0+
Mz

~ 841 keV

~ 885 keV
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Super-deformed State ?
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From 2000 From 2006

Fission barriers for different spin values Excitation energy from SD state in different nuclei

15 -

E60

E (MeV)

F ~1MeVv
~2MeV 1
0 20 40 60 80 ****No
Q20 (B) : :
Isotopic chains
Egido & Robledo predicted a SD well at around 2MeV. Delaroche results : prediction of a SD state at around 1MeV.
(2000) J. -P. Delaroche et al:; Nucl. Phys. A 774, 103-168 (2

- 25 Margaux Forge — Mid-term Defense — Study of isomeric states in so-called superheavy nuclei 2 8
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GARIS Ill - asymmetric reaction (hot fusion)

3
51\ + 248Cm — 299x119 + Xxn i’
 (Gas filled

» High transmission (40-70%) — Optimized for synthesis
of new elements (Z>118) experiments

Focal plane

aasaaaanas! Gas inlet
0 1[m]

Beam dump (Ta)
with water cooling

Projectile

Differential

pumping
Beam envelope of
Q1 D1 evaporation resides
%‘2@22 Margaux Forge — Mid-term Defense — Study of isomeric states in so-called superheavy nuclei
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« Time of Flight detector

« VETO detector

« Silicon Box : high alpha detection efficiency (~88 %)

GARIS focal plane setup

Stip 5

Recoil event selection
Very high efficiency (99%)
Time correlation with the DSSD

2 silicon pads behind the DSSD
Detect passing through particles
Timing correlations with DSSD

Université

de Strasbourg

2 implantation DSSD side by side
Tunnel Si detectors

Escape alpha

Energy summations

Margaux Forge — Mid-term Defense — Study of isomeric states in so-called superheavy nuclei
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Algorithm Strategy

119205 119-296
atow
a~ 12 NV

My work : Analyse the experiment to find a 119 decay chain
Very low cross section = around 10 fb '
17201 117202
Theoretical predictions for 119 : g
We can’t miss an event !!! f?‘“].f'“s"’f’;
06110jo 103 104

13- | 113~
s e 00
a 0.2 o 99702
) .
2

But Ts (Z=117) isotopes are not known

«  Calibration :
— La target : 3%La (5'V, xn) 199xHg reaction

— Tb target : °Tb (°'V, xn) 2'9*"Ra reaction

Mz

- Lifetime around the ms
- Alpha decay Energy around 12 MeV

My algorithm :
- Genetic correlations to isolate decay chains

- No time selection on 119
- Large selection gates

- Low filtering

o —

Code validated by tests on calibration reactions and 2°’Db synthesis

Margaux Forge — Mid-term Defense — Study of isomeric states in so-called superheavy nuclei
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New element synthesis

« Example : results from %1V + 208Pp — 257Db + 2n reaction
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120

Data filtering

Edssd_VS_ToF with all events (recoil or alpha)

Edssd_VS_ToF_dssd1

100 —

80

Dssd Energy (in MeV)

60

40

20

-200

Entries 2.678699e+07

Mean x 7.626
Mean y 4.606 )°
Std Dev x 28.85
Std Dev y 6.685
10*
10°
10?
10
100 0 100 200 300 400 |
ToF (in ns)
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Filtering methods :
1. VETO silicon pads
2. QDC Measurements
3. Tunnel Si detectors
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8000
7000
6000

5000

Veto Energy (no calibrated)

4000

3000

2000

1000

Anti-coincidence with veto signa

Data filtering - Veto

| / Removal of light particles

EVeto_VS_Edssd with all events (recoil or alpha)

\I\}IH\‘IHI‘\I\I‘\IH
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or
T~ Removal of particle with veto energy above 200keV

EVeto_VS_Edssd_dssd1
Entries 2.678699e+07
Mean x 4.447
Meany 325.2 4
Std Dev x 6.147
Std Dev y 497.7
In black : raw data
In red : data with current filter
10°
Energy of two generations of alphas
- EalphaX_VS_EalphaX
3 04 o « ® . o Entries 23780
x 7 - . Mean x 8.643
- . . - Mean 8.431
102 f o2, ° o Std Deyvx' 0515
S of = . . o . .. Std Devy 0.4748
H c Vmw T T
10 84 TR R A .
8.2 . ° - . o L 9
C «® o . e - M
8 R A T .t
i . o T I ee ° o
i 7.8. - - . ° .® ° .
F e 1 R B LT e e .
25 30 38 40 SR S SOOI S ST
Dssd Energy (ln Mev) 7.6 7.8 8 8.2 8.4 8.6 8.8 Ener%y alphga'zgen X%(tv)
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IPHC Data filtering — QDC

i de Strasbourg

st
Hubert Cs
STRASH

. . . If QDC below a threshold,
Filtering of the noise created by QDC  ——> |, ~ % "\ -c ot triggered the ToF

_ . Threshold =
Qdc1_VS_Edssd with all events (recoil or alpha) - 170 for QDCA1
. Qdc1_VS_Edssd_dssd1 -430 for QDC2
= — Entries 2.678699e+07
P 1400 L Mean x 4.602 |,
£ | Mean y 83.6
el [ ot
2 1200 Std Dev x 6.665
g [ Std Devy 140.4
E - . N In black : raw data
o 1000~ Real recoil events 10° In red : data with current filter
qg’) / ‘ Energy of two generations of alphas
& [ Ealphax VS Eaphax |
5 3 o4 “ . ° . . Enties 23780
~ f E Mean x 8.643
3 10° X2t o .7 |Sabes osis
g & o+ . . StdDevy 04748
- R
T 88+ . . i
Foo. L. <
10 sa . e
. . . 0% ..
8.2 . . . q
/ 8 L. e fee
. Realalpha events [l o e ~
60 70 [ ST ! ! T
Dssd Energy (in MeV) 76 78 & ez 84 86 88 9 %2 84
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Dssd alpha Energy (in MeV)

%922

Summation of energy with tunnel & DSSD —>

101

Data filtering — Tunnel

Edssd VS ETunnel in dssd1 with all events (recoil or alpha)

Edssd_VS_ETunnel_dssd1

Entries 177086

Université

de Strasbourg

Gives the real energy of the event
Ereal = EDSSD + ETunnel

,? k Mean x 1.807
G&/‘ Mean y 1.256
’ Std Dev x 1.79
Std Devy 1.18
In black : raw data
In red : data with current filter
10 Energy of two generations of alphas
EalphaX_VS_EalphaX
3 o4 . . . Entries 23780
X . Mean x 8.643
X 9.2 . . . . Meany 8.431
x . ‘ . StdDevx 0515
S 9~ . S % Std Devy 0.4748
2 L T VR
T 8.8 . mLSw
ga.s < oy "%
1 w et o .. . -
8.4 . . «° “eret
. * °~ . el L
8.2 . L -
1 RV
8 . cale e @
ok ; ) 7.8 ' Lt e
i e e e e e e e e e e e ed . R "'
1 2 4 5 6 7 8 9 10 [ . I | Li ol
Tunne| Energy (|n Mev) 7.6 7.8 8 8.2 8.4 8.6 '8Energg alph:ézenx?kgv)
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Results with Dubnium

| found 163 correlations R - 257Db -253Lr
In agreement with 3 others analysis codes (P. Brionnet, Go-San and K. Kessaci)
Same cut but different energies and lifetimes

120

100

Dssd Energy (in MeV)

80

60

40

20

Edssd_VS_ToF with all events (recoil or alpha)

Edssd_VS_ToF_dssd1
Entries 1.038031e+07
Mean x 19.53
Mean y 7.532
Std Dev x 31.01 |4
Std Dev y 9.501
10°
102
10

300 400
ToF (in ns)

Energy alpha gen X+1 (keV)

Energy of two generations of alphas

chainl
257| 24.05MeV
Db
521s
25318989 MeV

0.148 s

249 8782 MeV

J 292 s
8.016 MeV
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EalphaX_VS_EalphaX

9.4—

9.2—+

8.8
8.6/—

8.4

257D _y 253 r

258Db — 254 r,

. Entries 9980
Mean x 8.72
Mean y 8.393

Std Dev x 0.4118
Std Devy 0.4474

8.2 . . .
co- . 253|_r- R 24_9Md
8— R R H .
7.85— - . . .
= S TN :
76— b s L . N * -
C 1 ‘ 1 L 1 ‘ 1 1 1 J L 1 L | L 1 Il \ Il L 1 ‘ ,‘ L 1 ‘ 1 1 1 J L 1 L | L 1 Il \ 1
76 78 82 84 86 88
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TNT2 & NI electronic cards se srasbours

IPHC
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Purpose : get NI cards performances

TNT2 -
Fe = 100MHz (Te = 10ns) -
12 bits _.,
FPGA virtex 3 or 4 "
-~
-
= )
:1’1
-

Université

Steps followed :
1) Apply Jordanov algorithm (C++) with TNT2 cards

2) Comparison of spectrum (LabView & C++) with NI cards
3) Test & characterization of NI cards on MICRON Si detectors

NI PXI 5170R
Fe = 250MHz (Te = 4ns)

14 bits
FPGA virtex 6

40
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IPHC Jordanov Algorithm

i de Strasbourg

Input Signal v(n) + delayed d(n) = v(n) - v(n-k) - v(n-k-m) + v(n-2k-m)

=T

histo_spectre_canal

T

Test on TNT2 electronics cards :

- Tri-alpha source :
histo_spectre_canal

" Tdecay_time = 50us i Entries 100318
-Te =10ns 1000— Mean 8019
= Std Dev 300
Parameters used for Jordanov algorithm : -
-k = 10000 ns 800/
-m =500 ns -
M= —r— = -
T T ety T 600 —
VT Jordanov, G. F.Knoll NIM A345(1994)337-345. 400 —
200 —
L it o | M‘j\ .

l i L J. 1 1 1 { | 1 ‘ | L | | | 1
'9400 7600 7800 8000 8200 8400 8600 8800

20 \
~25|

VT.Jordanov,G.F. Knoll NIM A345(1994)337-345
~30

- e e e e
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Offline test with LabView codes / C++ codes

Test on NI electronics cards :

- Signal generator
- Tdecay_time = 50us
-Te=4ns

Parameters used for Jordanov algorithm :

-k =1000 ns
-m = 2000 ns

— 1 —
M= =

NI performances

RIO Device

Université

de Strasbourg

Thank you to Cedric Mathieu !

Acquisition Réglages & Infos ~ SNR & ENOB Chx ~ Rise & Fall Time Ch0  Recherche Trigger LV classique ~ M3: Trapéze 2 pts_in FPGAbox ~ M18& M2: Trapéze 1pt_in  M3: Trapéze 2pt_in FPGA

o

ADC_Value

Bl update rate (ms)

D

Ignore voltage
overload (Ge)

ChO_Ch7
=
[ pxisiots  |[) TR [B o [~
16000,000-]

. . 14000,000-| Ocht
Vertical Settings inas | Och2
channel(s) 3

S 10000,000- O ch3

01 2 |
(C— R Dons
vertical range (Vpp) < 6000,000- Cllehs
= 400,000~

=)|2Vpp <-1/1>
] Dens
bandwidth 0,000 Och7
Anti-alias Filter Lt

000, \ \ , \ \ \ \ \
couplin -10000us  000s  100,00us 200,00us 30000us  400,00us  500,00us  600,00us  700,00us  800,00us
9 c
DC Time iR
Trigger Settings
A B

Acquisition Settings Edge ‘ level | Edge ‘ level |
timeout (ms) log Max number of records New file after N records Actual add files trigger level (V) trigger level (V) Be

= = = (

D Bl Be_ 1) ([T Ao 1) | [Bhx )

number of samples hysteresis (V) hysteresis (V) B

=) om0 | | & [0.005 |] [EIQOW \]

e triggerslope trigger slope B

[0 | (Fpeie )| (Fpesive 1]

Commun Channel 0
Host to FPGA

() Running Avg Cho

trigger source A trigger source B
Ek | EE )
mode

Bla

path 01

path

display

@@

P
[% C:\Users\cmathieu_adm\Documents\LabVIEW Data\Traces ” [ ”
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histo_spectre_canal centered (same mean for C and Labview histo)

1000—

——) % ‘

Direct results B

800— ‘

histo_spectre_canal_LabView_centered
Entries 10002
Mean 2.691e+04
Std Dev 3.932

OLabVy = 3.9136

400/
from LabView B ‘
200 P ‘
P N RN O S AR A SURTEN PR R
28870 26880 26890 26900 26910 26920 26930 26940 26950
/’
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NI performances

LV classique, mais

ide Trapéze 1 pt. in classiq

Tepki M1 Trapki(ns) Trepmi MiTmpmi(ns) MIM MIM(ns) MiRightshift M1 Average shift (pt) M1 Width (pt)

P A
g0 ow FEC
Miinput trace 132

186432
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Conversion
from tdms file
to binary file
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o
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histo_spectre_canal centered (same mean for C and Labview histo)
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1000

800

——) *°

Direct results

\\I‘fl\‘l\\l]lll\ll‘ll]

histo_spectre_canal_LabView_centered
Entries 10002
Mean 2.691e+04
Std Dev 3.932

C++
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OLabV

OC++
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Tors 0.9612
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April 2021

May 2021

June 2021

July 2021
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September 2021

Assessments - PhD

Analysis

Analysis

Education

Monitorat

Instrumentation
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GANIL
Missions

257Dp
Analysis

Communication

]

GDR JINR
Resanet (Dubna)
Organizer Mission

Conferences
Presentation

Z=119
Analysis

NI
Electronics
Development

Jeah |

October 2021
November 2021
December 2021

January 2022

February 2022
March 2022
April 2022

\

S Sms0z;

e

. TP info
-TD Analyse Num
. TP Bio

U+Uu
. Fission

. Colloque GANIL 260Rh SHELS

. Poland transmission
. GDR Resanet

. Poster at EJC School
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Scientific Transversal
formations formations

EJC 2021

Bloc séminaires
Mathématiques

Bloc séminaires
Chimie

Bloc séminaires
Entreprise

Bloc séminaires
Physique

Mz

Assessments — ED182

Assemblée générale
18h des doctorants 2020 2h

de Strasbourg

International conference :

» Colloque GANIL 2021 — talk of 15m — 27/09/2021
“New results on the decay spectroscopy of 254No with
GABRIELA @ SHELS”

* GDR Resanet Webinars — talk of 30m — 14/02/2022

7h30 Cours de Japonais 20h
Journée de
26h sensibilisation a la 4h . L
prévention des risques Scientific papers (as co-author):
1) K. Kessaci et al.,
Evidence of high-K isomerism in 256No1s4,
3h MOOC 10h PRC 104, 044609 (2021)
oh Integrity charter in 3h 2) A. Lopez-Martens et al.,
Scientific profession Fission properties of Rf253 and the stability of neutron-deficient Rf isotopes,
PRC 105, L021306 (2022)
Congres des doctorants 5h
3) M. S. Tezekbayeva et al.,
Study of the production and decay properties of neutron-deficient nobelium isotopes,
Initiation a la lecture rapide 12h Eur. Phys. J. A (2022)
=56h30 =56h
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Perspectives

Keep going analysis on Z=119
2" nuclei to be analysed in Dubna ? (if political situation is better)

2. Instrumentation :

JSPS fellowship of 2 months in RIKEN to work on Z = 119 experiment (from May to July 2022)
Development and characterization of NI electronic cards
SHEXI = ANR asked on X-rays detection (purchase + installation of NI cards on it)

3. Simulation :

%&ezz

GEANT 4 formation & simulation

Redaction & Publication of the scientific paper about 2°*No (PRL)

de Strasbourg

Talk in international conferences (Zakopane 2022 conference on nuclear physics — 28/08/22 to 04/09/2022)

Redaction of my PhD manuscript
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Thank you for your attention !
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