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Goals and Plan for 2020-2024

 Investigating the N=28 shell closure in exotic nuclei
beta decay at FRIB
 Role of occupancy of the g9/2 orbital in fp shell nuclei
CLARION2 @FSU (ORNL and FSU collaboration)
 Analysis: E18016@NSCL; 14C + 48,50Ti @ FSU
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Selected Publications
Supported by NSF and FSU startup 

Details of the work presented can be found in these recent publications: 

Phys.Rev. C 109, 014305 (2024)
S.Ajayi*, V.Tripathi,  et al., (*GS)
Observation of collective modes of excitations in 59Co, 59Ni, and 61 Co and the influence of the g9/2 orbital

Phys.Rev. C 107, 054311 (2023)
S.Bhattacharya* V.Tripathi,  et al., (*Post Doc)
Coexistence of single-particle and collective excitation in 61 Ni

Phys.Rev. C 108, 024312 (2023)
S. Bhattacharya*, V.Tripathi,  et al., ( *Post Doc)
β- decay of neutron-rich 45 Cl located at the magic number N=28

Phys.Rev.Lett. 129, 212501 (2022)
H.L.Crawford, V.Tripathi,  et al., (FRIB first paper)
Crossing N = 28 Toward the Neutron Drip Line: First Measurement of Half-Lives at FRIB

Phys.Rev. C 106, 064314 (2022)
V.Tripathi, et al., (NSCL e18016)
β- decay of exotic P and S isotopes with neutron number near 28

Nuclear Inst and Methos in physics Research, A 1041 (2022) 167392 106, 064314 (2022)
T.J. Gray, et al., (CLARION2 commissioning)
CLARION2-TRINITY: A Compton-suppressed HPGe and GAGG:Ce-Si-Si array for absolute cross-section 
measurements with heavy ions
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Setup for detailed γ ray spectroscopy
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CLARION2-TRINITY

March 2021

Jan 2022

project delayed by a 
year due to covid

Dec 2021

Sept 2021
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CLARION2-TRINITY: 2021/22
• CLARION2 is an array of 16 CS HPGe clovers (ORNL,FSU,++), ~4% 
@ 1 MeV
• LaBr3/CeBr3 detector options from UTK, UNC, Miss.U (Ben Crider)
• TRINITY charged-particle detector (GAGG-Si-Si) and other 
possibilities
• GAGG:Ce-SiPM component of TRINITY has PID by PSD and can 
count at 40 kHz / xtl
• Digital data acquisition (PIXIE)
• Commissioning in Dec2021 (NIMA Published)
• First campaign completed Dec 2021 – June 2022 (ORNL,FSU)
• 9 clovers ( 6 ORNL + 3 FSU); 3 rings of GAGG detector
• 10th Clover added in 2023 (FSU)
• 1 BeGe to be added in 2024 (Robert Haring Kaye, Westmont College)
• 2 more of rings of GAGG (ORNL) in 2024
• Request for 2 S2 type annular Si detectors in this proposal
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Invitation to the community to collaborate
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γ-ray Spectroscopy with 
CLARION2 @ FSU
Tuesday at 10:20 pm EST, August 9, 2022 – Vandana Tripathi and Mitch Allmond
~40 in attendance

Contributed talks (Topics from Nuclear Structure to Astrophysics)

 I. Wiedenhoever  (FSU)
 Tim Gray  (ORNL)
 Bob Kaye  (Westmont)
 Ram Yadav  (SCSU)
 Peter Bender  (UML)
 Sergio Almaraz  (FSU)
 Libby Richard-McCutchan  (BNL)
 Catur Wibisono  (FSU)
 Rebeka Lubna  (FRIB-MSU)
 Scott Marley  (LSU)
 Soumik Bhattacharya  (FSU)
 Ben Crider (MSU)

● La-140 is a well-known chronometer 
used to date a nuclear event. Decay 
data based on work from 1990. 

● 100µCi 140La source produced at 
UMass Lowell Research Reactor 
(natLa(n,γ)) - measured for 4 Half-
lives at FSU using Clarion2
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FRIB PAC1: E21062 Motivation

 Very small 
binding energies
 Large Q values
 Small half lives

 Evolution of proton and neutron SPE as a 
function of increasing neutron excess

 Understanding emergent collective 
phenomenon and shape changes

 Understanding β delayed neutron emission 
in these very neutron rich nuclei

 Exotic Na-P isotopes with N~28
 Limited experimental information 
 Refinement of theoretical predictions
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FRIB day 1 experiment : E21062

Jan 26, ‘22 10:37 am EST

 The first FRIB experiment to run in the 
first week of May 2022

 Expect 1 kW of power
 Complete FDSi setup
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FRIB day 1
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FRIB day1: FSU team was there !
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S2 vault @ NSCL
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NSCL E18016 : experiment performed in Dec 2019
16 Clovers + Si DSSD as implant detector

2 setting of the A1900
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PRC 106, (2022): β decay of 43P
 Pn = 100% for 43P (N=28) 
 Mostly P1n
 Pn decreases for N=29, FF
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β decay of 46S studied for the first time

UG Researchers
Diya & Wonmin

1p1h states expected to be populated move to high energies

Best poster: Physics Department
Acknowledged in the paper
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PRC 108 (2023): β decay of 45Cl 
Po

st
 D

oc
: D

r. 
So

um
ik

B
ha

tta
ch

ar
ya

Analysis led by Dr Soumik Bhattacharya
         (Post doc: 2021-23)

 Based on our experiment and shell model 
calculation using the “FSU” interaction we provided 
evidence in favor of a 3/2+ ground state for 45Cl

• For 43Cl, the likely gs is ½+; shell evolution
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TR1 @ John D Fox Lab
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PhD thesis: Samuel Ajayi

59Co

High spin γ-ray spectroscopy of “fp” shell nuclei 
Role of g9/2 orbital in 59Co,61Co,59Ni
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Status of the state-of-the-art calculations
SDPFSDG interaction

Y. Utsuno et al.,

59Co,61Co & 59Ni : 
Comparison of positive parity and negative states with SM
Discrepancies at high spin (focus on red stars and blue boxes)
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More Results
Post Doc : Dr Soumik61Ni
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Look Ahead …

Goals and Plans: 2024-2028

 Investigating the N=28 shell closure in exotic nuclei
 β decay at FRIB, rerun 21062B and analysis
 Phd thesis of GS Mac Wheeler
 Investigating fp shell nuclei to isolate the role of g 9/2 orbital, collective phenomenon, 

magnetic rotation bands and more
 CLARION2 @FSU : 69Zn, 62Ni, 69Ga (New GS student)
 Shell model interaction refinement 
 PAC3 proposal to FRIB, expand the landscape to even more exotic nuclei, understand 

delayed neutron emission
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E21062-B
Feb 25-March 3, 2024

#1
 

2 ARIS settings

The team headed to FRIB

Mac Wheeler
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β decay of very exotic Si isotopes

S. Grevy et al., 
PLB 594, (2004) 252
GANIL

VT et al., (38,40Si)
PRC 95, 024308 (2017)

40Si t1/2 = 27.6 (14) ms

39Si t1/2 = 38.6 (13) ms

BA, VT et al., (37,39Si)
PRC 100, 014323 (2019)
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Magnetic Rotation band in “fp” shell nuclei
Clarion 2

#2
  The semiclassical model (SCM): Macchiavelli et al.

 The SCM describes schematically how the energy 
states of a shears band are generated from the 
coupling of long spin vector of proton particles (or 
holes) jπ and neutron holes (or particles) jν .

 he effective interaction V [I(θ )] between the proton 
and neutron angular momenta, dynamics of the 
system gives rise to a rotation like spectrum 
consisting of M1 transitions.

SB, VT et al.,

61Ni
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Polarization measurements, neutron rich beams like 14C, 18O
New GS,PD
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 E*, J, π together determine a nuclear state completely
 Allowing for a detailed comparison with theoretical predictions 

69Zn
No states above 9/2+ are known

Angular distribution & Polarization
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The FSU interaction
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o Collaboration with 
Alexander Volya

o More experiments
o Expand the fit to more 
exotic nuclei
o Include g9/2 orbital in the 
valence space

R. S. Lubna, K. Kravvaris, S. L. Tabor, 
V. Tripathi, E. Rubino, and A. Volya, 
Phys. Rev. Res. 2, 043342 (2020).
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# 3 FRIB PAC3 proposal
In

 c
ol

la
bo

ra
tio

n 
w

ith
 F

D
Si

β-decay of 45,46P and 48,49Cl: 
First Forbidden beta decays and the physics of the continuum

Our recent investigation of neutron rich isotopes P and Cl with N around 28 revealed 
interesting results
a) The Pn value for P isotopes peaked at 100% for 43P (N=28) but then fell to about 80% 

for 44P (N=29) due to the increased role of first forbidden beta decays. Extending this 
systematics to higher neutron number will be useful for a better understanding of beta-
decay of extremely neutron-rich nuclei.

b) For 47Cl decay, the Pn is about 93% and we observe several states in 46Ar which should 
likely have positive parity. Exploring how beta-delayed transitions proceeding through 
broad unbound states can illuminate physics of overlapping resonances, interference, 
and probe effects of continuum. 

Goal: Extend the β-decay studies to hitherto unexplored isotopes of P and Cl (discovery) 
and do detailed spectroscopy. 
Further, explore physics of overlapping resonances and interference in the continuum 
through beta delayed neutron emission.



30

Continue Collaborative work
CLARION 2

1. Study of 72Ga
4He + 70Zn
~ 35 MeV alpha beam (LINAC)
Ben Crider, Mississippi State University
Robert Haring Kaye, Westmont College, CA

2. Lifetime measurements (DSAM) using 
implanted targets made at UMass Lowell

Peter Bender, University of Massachusetts, Lowell

3. Look for fully aligned 7+ state in 40Cl predicted 
by the FSU shell model interaction

Rebeka Lubna, Facility for Rare Isotope Beams

4. Sergio A. Calderon / P. Cottle (FSU)

Rebeka Lubna
Peter Bender

Ben Crider

Bob Kaye

Yiyi Zhu
GS UMass
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Timeline

2024-2025 2025-2026 2026-2027 2027-2028

Samuel Ajayi graduating

E21062B: analysis and publication (MW)

CLARION 2: 72Ga & more (BC & BK)

CLARION 2: 69Zn (FSU new GS)

CLARION 2:  FSU PD

New Graduate Student

FRIB PAC3 proposal
CLARION 2:  MW

Mac Wheeler graduating

Year 1 Year 2 Year 3 Year 4

Collaborative experiments
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Thanks

Questions ?


	Nuclear shell evolution & study of exotic nuclei ��High resolution γ-ray spectroscopy group �
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32

