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Motivation

The astrophysical rapid-neutron capture ;.
process (r-process) relies on nuclear physics
information such as neutron capture and -
decay rates. When nuclear data is not 5
avallable, these models rely on theoretical
values. Experimental B-decay information is
required to d the
these theoretical models
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Here, we study the B-decay of two isomers and the ground state of 79Cu into 7°Zn and
compare the experimentally extracted B-feeding values to current theoretical
calculations, and to probe the N=40 subshell closure.

Improving B-Decay Measurements

+ Discrepancies in nuclear data are caused by B-decay measurements using high
resolution detectors missing weak transitions from higher-lying states in the nucleus

« Total absorption spectroscopy can be used to determine the feeding to higher lying
states, resulting in more accurate B-feeding measurements [].

Experimental Details

Experimental setup for the B-decay experiment at the NSCL using LEBIT and the SuN detector.
1°Cu fons were thermalized in the gas cell and passed through LEBIT. The B-decay. implantation Si
detector is placed the the center of SuN.

(T1) (SuN) total
= 1*and 3 isomeric and 6 ground state of
#Co Decay in'SuN 79Cu produced from a 76Ge beam impinged
- SuN segment on a 9Be target at the National
- A' Superconducting  Cyclotron  Laboratory
i LUt (NSCL) at Michigan State University
e — = 79Cu ions sent through the Gas Stopping
i} | Facility [2] and then to the Low Energy
gl Beam and lon Trap (LEBIT) [3].
R = + LEBIT quantified the percentage of each
T e ~181n bore hale

isomeric and ground state of 7°Cu ions
present in the ion beam and then sent them
to the Summing Nal (SuN) detector [4].
B-implantation detected in with a double
sided silicon strip detector (DSSD) at the
center of SuN

+8 Sogmens give Information about Individual y-rays
+Summing y-rays from all segments gives information
‘about exctabon encrgies

“Multplcty spectrum gives information about y-rays.
invoived in Individual cascades

Isomer Separation

During the experiment 7°Cu beam was cycled on/off to create grow»imdeg:?y curves, These
were fit Bateman equations representing the B-decays and internal transitions between the
isomers and ground state. Different "time windows” were chosen to isolate the ground and

isomeric state spectra. An example of the full cycle (left), time window to isolate the ground

state (middle), and resulting total absorption spectrum (right) are shown above.

Determining B-Feeding Intensities (1g)

1. Generate “pseudo-levels for higher lying excitation energy
states by simulating possible y-rays in RAINEIR [5]

2. Simulate both known levels and “pseudo levels” in Geantd
with the validated SuN detector response

3. Perform x? minimization to fit total absorption (TAS), sum
of segments (SOS), and multiplicity spectra from SuN

Total Absorption Spectrum Sogment Spectrum Multiplicity

\
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Results from the x? minimization procedure to fit experimental data. The
experimental data is shown in black and the simulated levels are shown in
red. To simulate levels in Geantd, known levels were taken from [6] and
higher-lying levels were created in a RAINIER Monte Carlo simulation.

Results and Conclusions

ey o)

q o

e o
B-Feeding Intensity (I;) values determined from the x: minimization to the
TAS, SOS, and multiplicity segments for the B-decay of the two isomers and
ground state in 70Cu, Cumulative |, values for all spin-parity states are shown
in a), and individually in b), c), and d) with comparisons to known' values,
QRPA, and shell model calculations

Over 50% (1+), 30% (3) and 4% (6') feeding to levels not included
in the known level schemes for the respective isomers and ground
state of 7°Cu were observed
feeding i

The were to theoretical
calculations:

* Quasi-random phase approximation (QRPA)

+ Shell Model

The results demonstrate a need for more spectroscopic
measurements of p-feeding intensities to improve global models
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In-gas jet laser spectroscopy with S3-LEB

A. Ajayakumar', Y. Balasmeh?, A. Brizard', L. Caceres', A. Claessens?, P. Delahaye!, W. Dong*, R. Ferrer3, X. Fléchard?, S. Franchoo?, S. Geldhof!, F.
Ivandikov?, N. Lecesne', R. Leroy', V. Manea*, . Moore?, A. Ortiz-Cortes', J. Romans?, A. de Roubin?, H. Savajols’, P. Van Duppen?, K. Wendt5

1GANIL, CEA/DRF-CNRS/IN2P3, B.P.

55027, 14076 Caen, France

2LPC Caen, Normandie Unlv, ENSICAEN, UNICAEN, CNRS/IN2P3, 14000 Caen, France

¥ KU Leuven, Instituut voor Kern- en Stralin

#1JCLab, Université Paris- Saclay, CNRS/IN2P3 91406 Orsay, France
5 Department of Physics, Accelerator laboratory, University of Jyvaskyla, 40014 Jyvéiskyla, Finland |
S Institut fOr Physik; Johannes Gutenberg-Universitét Mainz, 55128 Mainz, Germany

gsfysica, B-3001 Leuven, Belgium

 Introduction

The Super Separator Spectrometer-Low Energy Branch (S™-LEB) s a low ct
exotlc nuclel, which is currently under commissioning as a part of the GANIL-SPIRAL2 facilityl!l2l . High Intensity primary beams (Ho to U),

SLLEB will allow 1o perform

& High resolution laser s

< Mass spectromeiry (PILGRIM)
© Decay spectroscopy (SEASON)

Resonance laser ionization allows.
© Measurement of ground state/isomeric
state properties of

the nuclear st
@ Produca high purty radoactve fon beams

Resonance Laser lonization

2

dellyered by the superconducting LINAC of SPIRAL2, will allow Increased production rates of nuclel by fuslon-ovaporation reactlons and || * Laser linawidth lo match the atomic transition linewidih
the y { rchart.

nuclel and insight on Injection
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nergy radioactive lon beam Installation dedicated to the study of || Requirements

(— Laser ion source

+ Pulsed high-repelilion laser sources

NI crslesh adCoapmeart
T rs were commissioried and sel' up. for in-gas cell Jet laser
speclvu )

magneror
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First narrowband laser spoctroscopy with S*-LEBI

In-gas cell
the PILGRIM multreflecton time of ight (MR-

ToF) spactrometer for detection of the different [ ety v
soopes iofl EGRTG wayclopa stiit Tand i Anuin | Tl (B
hyperfine constants measurements  were gun <u, “ = i g k) o000
performed and is shown lo be In good. o m,, ey
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In-gas cell/gas jet laser spectroscopy

Offine commissioning of s> LEBH Is In progress, The complete selup has been aligned from the gas cell to PILGRIM.
Erbium is the chosen commissioning element and hence the laser speciroscopy lests have been performed with the
‘stable isotopes of 16 "’E: In-gas cell/jet ionization has been performed and characterized,

25296,

De Laval Nozzie creates a jot
of aloms with narrow velocty 3
distribuion and  low densiy R

=1 {nereby reducing lemperalure oy LI
e LavalNozzle  and collision rale. 41521
Gas call
> Broadening effects#)
» Broad band lasers (GHz)
de Laval Nozzle
> Hypersonic gas jet

T

2 seton,

ETRIS Scheme*]
Broadening as a funclion of gas cell pressurel

> Narrowband laser (MHz)

3 Freauency s e
-5 Jles== - Lot 1101 MHz

. o= (1) Mz
! B

T
Th In-gas calljet speciroscopy was performed with
broadband laser of 18 GHz and a narr
4 injaction locked laser of < 100 MHz fundamental (ine
widih giving 2 speciral linewidih of Ay = 45(2)
Gz and 261(5) MHz tospociivoly

Fraauency -ve ()
jot laser fons were transported (o

lon transport and bunchlng optlmlzatlon
The |aser-lonized beam Is mass separaled by a quadrupole mass filter and then senl lo a cooler buncher before
being injected into the PILGRIM mass spectrometer.
+ The relal
+ The emiltance of the bunches was characterized and optimized for Improving the PILGRIM efficiency.

+  Laser lon bunches were Injected into PILGRIM for s pqnumunuu Losts Eficent supprossion of conlaminanis was
‘achiaved Initial mass measurements wilh PILGRIM yiolded:

iive iransmission efficiency of the lasar-ionized beam untl the mass spactrometor (PILGRIM) was oplimized

‘Spatial and energy profie of the bunched fons. ToF: specirum of the Er (solopas al PILGRIM

~ Diode pumped CW Ti:sa laser system

A diode pumped continuous wave (CW) Tiisa laser system is being Implsmsnleﬂ for seeding of the
narrowband injection-locked laser. The requirements for a seed laser are;

- Single mode operation
= Narrow linewidth <10 MHz.
+ Wavelength tunability over a broad range ~100.nm

This Tisa laser system?l is a cheaper
sltemative 1o commercial CW. lasers
and delivers broader {uning range
compared to/the extemalcavity diode
lasers (ECOL) that are currently used.
Iis characteristics are;

+ Double sided pumping
« Unidi q

+ Narrow Ilnuvnﬂlh<|0 MHz

= Active cavity stabllzation

. Wavala»g\n tuning " Using - Fabry

m Dienrolc e The laser currently delivers unidirectional
miror  plate. ssembly output power of 90 mW at fundamental

wavelenglh. Stabilization of the cavity s
Layout of the CW Tiisa cavity in progress.

( Gas jet characterization

Resonance lonizaion flow mapping melhod Is used to
sludy the. gas el properties to achieve tha' full
polential of the selup With Mach number M=8i5
Syslemalic study of the fet flow improved the spactral
resolullon 0 ~ 200 MHz.

Characlarization of the gas [et flow properties s In
progress, Spaciral resolution al different longltudinal
posllions and for. different gas ol pressure  were
moasured, Praliminary lests  suggests thal the
spectral rosolution s significantly affected by the
power broadening and prossure malching In the et

;
§
H
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Stream veloclly. distribution simulation from!
the de Laval nozzle!

r Conclusions and Outlook

Offiine commissioning of S*LEB ls currently In progress with the folowing mistones achieved
+ In-gas call et [onization with broadband and narrowband laser and characterized
+ Transmision offcioncy of e lasar lons unl PILGRIM has been optimized.
+ Narrowband laser spectroscopy of Et performed
Upgrade of narrowband Tt 52 aser syslomis I progress by replacing the dode seed faser with CW.
diode pumped Ti:sa laser systeml
+ PILGRIM oplimizaion Is in Jrogress an resolving power can be improved Uplo 200000
+ LEB selup wil be installod al'S* In 2024
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Motivation

shift in the atomic spectra of neptunium

9 Malnz, Ge

Production of neptunium
o fpaa

B a2 Pz

the development of efficient and selective laser lonization schemes
t of efficient an 4 =

plays an important role for laser spectroscopy ©f

* Radioactive actinide
* Long half-life

* b, (P/Np) =2.14 - 10°y
# Present in nuclear waste [1]
* High radiotoxicity [2]

It is important to take into account
the isotope-related effects in Ionization schemes
coming from hyperfine structure (HFS) and isotope shift

Experimental technique and setup

lodated o - s separator [3]:
l Resonance fonization mass spectrometry: e st oo e Off-line RISIKO mass sep: 131

ofine o RISKO/MABU + High voltage, high transmission
* Hot cavity laser ion source
« in-source or perpendicular laser Interaction geometry
= Mass separation in dipole magnet
Lasey lopiation + Post focalization for ion implantation or single fon detection
and spectroscopy. ok
rupole
* Highly efficient process 3‘“[
* High element selectivity
Einzellens D’
fon extraction
- Mass spectrometry () PHUST. e
W * Separation of m/q e
¥ * High detection efficiency. kS
Nuclear structure from atomic spectroscopy
‘Magneticdipole &  Electric quadrupole

ot
moment of the atomic nucleus | icseation
i

7

BB s = AEL#AEG e =D =10 4D

onization laser

Isotope of interest
Isotopic contamination
Isobaric contamination
Electrons

= A5

magnetic i .

- BEOT st = g0 U
PI-LIST ion source [4]
* Suppression of surface ionized species
* Separation of hot cavity evaporation from laser ionization volume
* Laser ionization inside RF quadrupole structure

* Reduced Doppler width in laser transversal interaction

:,,ﬁ@ @>0 @

Hyperfine structure measurements

Probe aser

1-132 2507514 cm 1=3/2 2527764 cm?

50535 cm? - P
| 388523 om
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398.801 nm.
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Ocmt  SCEOPL Jesisy Ot endidogmy

Verystrong autolonizingsteps Narrow FES (14 GHz) of Interest
38 GHy) FEs for ul ysis (5]

ik = lonizatlon potential determination with electric field ionization:

s e[ * Atleast one laser transversal to the atomic beam

B (MHz] | A 2] A [MHz] %
] ) o

lonizatic
e0i) 535 ation between U, and U

> siarto] |12 ¢ Missing energy to lonize an atom is from the electric field

6 |7 ic field F = (U, ~U,)/1 cm

o ol 2761 [t o oz sl [ 192 * lonlzation threshold W, = 1P — const + VF ' | = of
T B BT e O * Extrapolation to F.= 0 eV ylelds IP

lon source unit for field I

Nuclear moments of 2oyp;
4 Conclusion
For two transitions determination of;:
HFS parameters for two isotopes of Np
Isotope shift between 2¥'Np and 29N,
Determination of nuclear moment of *Np;
Magnetic dipole moment 1,
Electric quadrupole moment 0,

I
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