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Outline
Development of a 44Ti beam at FSU for a measurement of
the 44Ti(a,p)*"V reaction with Encore.

Contribution of low-lying isomers to stellar nucleosynthesis
26Al and 34Cl.

Detailed spectroscopy studies using CATRINA + Clarion-2
arrays for Nuclear Astrophysics.

Near-threshold resonances and continuum effects.
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4Ti in Supernova explosions
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Satellite based observations of 44Ti help {

understand the phyS|CS in SN explosions_ JWST MIRI/Medium Resolution Spectrograph (MRS) Observations and Spectral
Models of the Underluminous Type Ia Supernova 2022xkq
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B.W. Grefenstetteetal., ~  So o Fe
Nature 506, 339 (2014).
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The amount of 44Ti ejected is a gauge for

the position of the mass cut of the star.
The final amount of 44Ti depends mostly
on the #4Ti(a,p)*'V reactlon

ORDER OF IMPORTANCE OF REACTIONS PrRODUCING **Ti AT 7 = 0.002

ReactioN RATE MuLTIPLIED BY 1/100

REACTION RATE MuLTIPLIED BY 100

**Ti Change *4Ti Change
RANK Reaction (percent) Reaction (percent)
1. Ti(e, p)*"V +208 i, p)*'V —-93
2., :;C(a, ' i? —-72 ‘;:Ti(a, }r]“féjr —66
3. 20Ca{alu }’)24T1 —66 3']A!(r:c, n]“P —60
;1;- ....... e'DI'S\-Te{ut, yging —132 12Sli{at, rl)wg —ig
P e A T wcaean s
Toveenns *Ni(p, n)**Cu —4.7 **Na(a, p)*°Mg —4.7
8....... 5*Ni(p, 7)°°Cu —47 3%K (e, p)**Ca +4.7
L IR **Ti(e, y)**Cr +238 27Al(p, y)*®Si +43
10...... 27AY(a, n)*°P +27 24Mp(, 7)25Si +42

The et al. Astrophy. J., 504, 500 (1998).
Magkotsios et al. Astrophys. J. Supl. Ser. 191, 66 (2010).

44Ti in Supernova explosions

S.E. Boggs et al. Science 348, 670 (2015).
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Development of a #4Ti beam at FSU

Several unsuccessful attempts at ANL

‘ ! [ 44 1]
ﬁ'BLUl NH for maklng a TI beam VOLUME 84, NUMBER 8 PHYSICAL REVIEW LETTERS 21 FEBRUARY 2000
[In-flight production ANL#1659
ECR2 and ECR3 AN L#1 876] The ¥Ti(a, p) Reaction and its Implication on the #Ti Yield in Supernovae
A.A. Sonzogni,' K.E. Rehm,' 1. Ahmad,' F. Borasi,2 D.L. Bowers,! F. Brumwell,! J. Caggiano,' C.N. Davids,'
I.P. Greene,' B. Harss,! A. Heinz,! D. Henderson,' R. V.F. Janssens,' C.L. Jiang,'! G. McMichael,! J. Nolen,'
R.C. Pardo,! M. Paul,? J. P. Schiffer,' R. E. Segel,2 D. Seweryniak,' R. H. Siemssen,' J. W. Truran,* J. Uusitalo,'
dE vs. totE = 1.00dE + 1.00E 1. Wiedenhover,' and B. Zabransky'
. 3500 S— hdEtotE |
; L i : Entrles 1267722
“ L | ntegral 1 2560408
! C o 177]1159¢
soof o T $5Sc(p, 2n)*Ti
r 10!
25001
20001 was mixed with 50 mg of "*'TiO, and placed inside a cop-
; 0 per insert for a negative-ion Cs-sputter source. The *Ti
15001 activity from the pellet was measured to be ~38 uCi.
I From the ion source a beam of *TiO~ was extracted
N I I P and injected into the tandem accelerator at ATLAS. After
30602600 3000 4000 500 6000 7006 8000

totalE: (ch] stripping in the terminal of the tandem, a *Ti®" beam was




Development of a #4Ti beam at FSU

Several unsuccessful attempts at ANL

for making a 411 i beam

We will use SNICS source + Tandem accelerator at
FSU to produce an 44Ti beam using the original
cathodes from (~20 yrs ago) for a measurement of
the 44Ti(a,p) reaction.

5Se(p,2n)*Ti

Ready to be shlpped to FSU! s
| - :'“"

activity from thf

From the ion
and injected intc £
stripping in the =g =




Measurement of the *4Ti(o,p)*’V reaction with Encore at FSU

Encore active target was developed at FSU (B. Asher),
it has been used to measure fusion and (a,p) reactions.
MUSIC at ANL has been successfully used to measure
several (a,p) reactions.

1800 9F beam
F+12C Fusion

Ben Asher is now a
staff scientists at PNNL

B.W. Asher, SA, et al. Phys. Rev. C 103, 044615 (2021).
B.W. Asher, SA, et al. NIM A 1014, 165724 (2021).

& v ~
—*Na beam,_
jga(a,otnga
—Na(a,p), Mg N
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B.W. Asher, SA, et al. Eur. Phys. J. A 57,272 (2021).




Measurement of the *4Ti(o,p)*’V reaction with Encore at FSU

Undergraduate Research

Center of Mass Energy (MeV)

‘ Ben Asher is nowAa
staff scientists at PNNL

Bajron Alvin Zenelaj, FSU Honor’s thesis 2023. “Fusion

Reaction Measurements with the Encore Active Target SA, et al. Phys. Rev. C 103, 044615 (2021).
Detector” SA, et al. NIM A 1014, 165724 (2021).

Attended CEU @ APS-DNP in New Orleans, LA. 5, etal. Eur. Thys. 1. A 37, 272 G021,
Alvin 1s now a grad student at University of North Carolina
(UNC).




Measurement of the *4Ti(o,p)*’V reaction with Encore at FSU

In the proposed measurement, the 44Ti beam will
be delivered to the Encore detector which will be
filled with helium gas for a direct measurement of
the 44Ti(a,p)*”V reaction in the Gamow window.

“He @ 400 Torr. ot
“Ti @ ~ 4 MeV/u with an expected beam rate of G5 Andrew Peters
a few kHz.
103_‘ -
107 e okl
g " ~ /j?’ NON-SMOKER

e = Sonzogniet al.
=0k il — Margerin et al.
=]

=1 — Gamow window
%103k i 1

-—» Proposed
measurement

3 4 5 6 7 8 9 10
center of mass energy [MeV]

A. Sonzogni et al. Phys. Rev. Lett.84, 1651 (2000).
V. Margerin et al. Phys. Lett B, 7321, 358 (2014).




Isomeric contributions to stellar nucleosynthesis: 26Al

Galactic v-rays INTEGRAL & COMTEL
y-ray telescopes 4
Decay chain Mean life* Line energies (MeV) Site Nuclear - E
(yr) (Branching ratios) [Detected] process ' Jg
"Be — 7Li 0.21 0478 (0.1) Novae Expl.H i
36Nj — 30Cot — SOFe 0.31 0.847 (1.0) 1.238 (0.68) SN NSE . =
2,598 (0.17) 1.771 (0.15)  [SN1987A] f
[SN1991T] o
57Co — YFe 1.1 0.122 (0.86) 0.136 (0.11) SN NSE %
[SN1987A] 8
2INat — 22Ne 38 1.275 (1.0) Novae ExplL.H
T Mgt > Hca 89 1.157 (1.0) SN «-NSE
0.068 (0.95) 0.078 (0.96)  [Cas A] b el
201+ — 200 1.04 x 10° 1.809 (1.0) WR, AGB StH e S )
Novae Expl.H : Tl
SNII St.Ne
[inner Galaxy, Vela, Expl.Ne
Cygnus, Orion] v
60Fe — 00Co — 0N 2.2 x 10° 1.332 (1.0) 1.173 (1.0) SN n-capt FOR METEORITE STUDIES
[Galaxy] oA
et 105-107 0511 SNIa... B+ -decay EIIENS

R. Diehl, et al. A&A 522, A51 (2010).
R. Diehl, et al. Nucl. Phys. A 777, 70 (2006).

[Galactic bulge]

Allende Meteorite — Large Mg content



Nucear Inst. and Methods in Physics Research, A 899 (2018) 6-9
Contents lists available at ScienceDirect
Nuclear Inst. and Methods in Physics Research, A

milocate/nima

journal homepage: ww:

Isomeric contributions to stellar nucleosynthesis: 26Al

Study of the 26™Al(p,y)?’Si via
[#si] the 2°™mAl(d,p)?"Al reaction

Development of an Isomeric beam of 2°Al for nuclear reaction studies

B.W. Asher?, S. Almaraz-Calderon®*, O. Nusair”, K.E. Rehm ", M.L. Avila”, A.A. Chen?,
C.A. Dickerson”, C.L. Jiang”, B.P. Kay", R.C. Pardo”, D. Santiago-Gonzalez ", R. Talwar'

TLIADIS ET AL.
E, (keV) g
2070 2+
1058 1+
h
4117 a3
228 0 B s i T HLRARRE RSN RAE AN RAARE RARRE RARES
. L (c) %A[m(d,p) Présent measurement P
Dichl et al. PASA 38, €062 (2021). 2 2 150 (chp) Present me2 10,2 Mev-
26Al 1809 2 I 6.8 MeV - Ty :
5 0. 4 Me\ \ i 4
0 o - i i : -
Mg 100
PRL 119, 072701 (2017) PHYSICAL REVIEW LETTERS |

50

Study of the 2°Al"™(d, p)?’ Al Reaction and the Influence of the *
Isomer on the Destruction of 2°Al in the Galaxy

S. Almaraz-Calderon,"" K. E. Rehm,2 N. Gerken,' M. L. Avila\,2 B.P. Kuy,2 R. Tz:llwar,2 A. 0 : : i - : :
S. Bottoni,” A. A. Chen,” C. M. Deibel,® C. Dickerson,” K. Hanselman,' C. R. Hoffman 0 1 2 3 4 _5 . 6 7 8 9 10 1
S.A. Kuvin,® O. Nusair,’ R. C. Pardo,” D. Santiago-Gonzalez,* J. Sethi,> and C. Al Apparent Excitation Energy (MeV)




Isomeric contributions to stellar nucleosynthesis: 26Al

Study of the 26™Al(p,y)?’Si via B
the 26mAl(d,p)?”Al reaction

PHYSICAL REVIEW C 104, 065807 (2021)
ILIADIS ET AL.
Experimental study of the 2*Na™(d, p) ®Na reaction and implications for the influence of the A" E, (keV) s
isomer on rp-process nucleosynthesis 2070 o2+
N. Gerken®, S. Almaraz-Calderon, B. W. Asher, E. Lopez-Saveedra, L. T. Baby, K. W. Kemper,
A. Morelock, J. F. Perello, A. Volya, and 1. Wiedenhover
Department of Phy: Florida 32306, USA
2 — - 3 =
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: 3 F 12 Nate Gerk w
Diehl et al. PAY § 1of —0.42p0
Nucea s, and Mthods n Physics Resarch, A 99 (2016) 6.9 o | _E § Pl atlnumE dge Solutlons
Contents lists available at ScienceDirect 8 - = w .
Nuclear Inst. and Methods in Physics Research, A C i _: 0 2 DD (p er ate Comp aI'IY)
journal homepage: www.elsevier.com/locate/nima 4 . H ﬂ - ] ' ; H Y
Development of an Isomeric beam of 2°Al for nuclear reaction studies P L. Onie.in.nc |-| N.r | .I .l. A .|L| |-| E 0 5 0
B.W. Asher?, S. Almaraz-Calderon*, O. Nusair”, K.E. Rehm", M.L. Avila®, A.A. Chen!, 00 1 2 3 4 5 ;
C.A. Dickerson”, C.L. Jiang", B.P. Kay", R.C. Pardo", D. Santiago-Gonzalez ", R. Talwar' i
ickerson lang y ardo”, D. Santiago-Gonzalez alwar Ener oy (M E,‘V) ‘ 5
Isomer on the Destruction of 2°Al in the Galaxy
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S. Almaraz-Calderon,"" K. E. Rehm,2 N. Gerken,' M. L. Avila\,2 B.P. Kuy,2 R. Tz:llwar,2 A.
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S. Kuvin, H.Y. Lee
experiments at LANL

PHYSICAL REVIEW C 105, 044608 (2022)

Direct measurement of sgNi(n, P *Co and soNi(n, ) *'Fe at fast-neutron
energies from 500 keV to 10 MeV

S. A. Kuvin®," H. Y. Lee @, B. DiGiovine®, C. Eiroa-Lledo, A. Georgiadou, M. Herman®, T. Kawano®, V. Mocko ©,
S. Mosby, C. Vermeulen®, D. Votaw @, M. White®, and L. Zavorka®
Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA




Constraint of the 2°Al™(n,p)**Mg and 2°Al™(n,o)>Na reactions
Production of a 26Al™ target is not feasible!

Proposal at ANL to measure the
26AIM(d,p)?’ Al*—p/a. reaction with
HELIOS as an indirect way to study the
neutron capture in the 26Al isomer.

Physics Division

Diehl et al. PASA 38, e062 (2021) Argonne '

A high-quality isomeric 26mAl beam to constrain the neutron destruction

1983x Almaraz-Calderon - . hels of 26Al in the Galaxy

ADOPTED LEVELS, GAMMAS for 27Al

Author: M. Shamsuzzoha Bz utoff date: 30-Nov-2010

0 S(n)= 13057.95 keVv 12 S(p, 8271.17 keV 11 Q)= -10091.8 keVv 1
Referencec WA38

Q(p-)=-4812.36 keV



Beam development at ANL

Constraint of the 26Al™(n,p)**Mg and 2°Al™(n,o)>’Na reactions

ol
o

Development of a 9.5 MeV/u %Al beam using the in-flight method
via the 26Mg(p,n)?6Al reaction and characterize its isomeric content.

G.S. Raj at Aggarwal

26Mgli ‘

L znngm e
E b @ /
26Mpl 24 ®




Constraint of the 26Al™(n,p)?*Mg and *°Al™(n,a)>*Na reactions

Beam development at ANL

Development of a 9.5 MeV/u %Al beam using the in-flight method
2 via the 26Mg(p,n)26Al reaction and characterize its isomeric content.

; ‘B
G.S. Rajat Aggarwal

1500 — ‘
26Mgli

£ ‘ 26Mgll+ "7?\
b B
i i .,
2 100 — b i
26Mgl2+

S

T,,=63+03s

500

ol po e e gl 10
0 500 1000 1500 20000 FL

~10"4 26Al per 1 pnA of Mg, with ~ 90% purity,
20A1(d,p)2’Al*—p/o. with HELIOS =~ = = =

. ’ e, ]
e P~ -

and 60 + 5% isomer content. |- |!




Isomeric contributions to stellar nucleosynthesis: 3*CI

A The 34Cl(p,y)3°Ar reaction relevant in
Argonne Physics Division nova environments and in the
s _ _ classifications of presolar grain.
A high-quality isomeric 26mAl beam to constrain the neutron destruction . . . )
channels of 26Al n the Galexy (Sulfur isotopic ratios, production of 34S)

Constraining isomeric contributions to nova nucleosynthesis: A study of
the 34g9/mCl(d,p)35CI reaction

1983x Almaraz-Calderon

2056 Almaraz-Calderon

https://www.phy.anl.gov/atlas/pac/app_exp.html

36Ar
STABLE
0.3336%

. . . . 34
Ground and isomeric state information for 1?C‘,I

3 D%IGEE'S . | E(level) (MeV) | Jn | Mass Excess (keV) Tir2 Decay Modes

B~ =98.10% 0.0 0+| -24440.095 |1.5264s 14|£=100.00%

e=1.90% 0.1464 |3+ -24293.695 |32.00min 4| £=15540%

IT = 44.60%

328
STABLE
94.99%
THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 252:2 (17pp), 2021 January hups:/ /doi.org/10.3847 /1538-4365 /abcd 1d

© 2020. The American Astronomical Society. All rights reserved.

CrossMark
Astromers: Nuclear Isomers in Astrophysics

1,234 37,8

G. Wendell Misch'" , and Matthew R. Mumpower'>*

, Surja K. Ghorui™* @, Projjwal Banerjec®®, Yang Sun’




The CATRINA neutron detector array

A 1200
Sl 32 - C4D; liquid scintillators 1o

- detectors (EJ315).

.| Pulse shape discrimination.
E,, via Time-of-flight.

Structure in the Pulse-height. 2

— NE213
== EJ-315
— BC-537

800

600

400

counts/10 channel

0 | L
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APSNes

Now a Nuclear Physicist at Los Alamos, APS Bridge Program Grad
Says Nuclear Security is His Calling

i eawiar,” says Jeeus Parclc, “She zaid, Lisien, you did not ga this far jun

March 2023 [Velume 32,
Number 3)

Nuclear Inst. and Methods in Physics Research, A 930 (2019) 196-202

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

Characterization of the CATRINA neutron detector system

Jesus Perello is currently a
Department of Physics, Florida State University, Tallahassee, FL 32306, USA p O St d 0 C f ell OW at L ANL

J.F. Perello, S. Almaraz-Calderon *, B.W. Asher, L.T. Baby, N. Gerken, K. Hanselman



Nuclear Astrophysics studies with CATRINA

» Detailed resonance spectroscopy of
26Si needed for determination of the
25Al(p,y)?®Si reaction rate.

« States in 26Si were populated via the
24Si(®He,n) reaction.

« A n/y coincidence measurement was
performed using CATRINA detectors
and a set of HPGe detectors.

ny matrix |

PHYSICAL REVIEW C

covering nuclear physics

2->g.s.

Highlights Recent  Accepted Collections  Authors. Referees Search Press  About

Q-Value (MeV)

Low-lying resonances in %3i relevant for the determination of the
astrophysical AL (p, fy) 05 reaction rate

J. F. Perello, S. Almaraz-Calderon, B. W. Asher, L. T. Baby, C. Benetti, K. W. Kemper, E. Lopez-Saavedra, G. W.
McCann, A. B. Morelock, V. Tripathi, . Wiedenhover, and B. Sudarsan
Phys. Rev. C 105, 035805 — Published 24 March 2022




Spectrum unfolding with CATRINA

“Be(d,n) at E, =7.00 MeV [

10 = r\ 1 MeV
Q 3 MeV
= AN \ 4MeV o]
) f I c |
-g T 5 MeV 8 1074
=] ] i
SIRLS: oy - pelet, 6 MeV = ]
;[ 1 LI‘“’“\r.‘u.,q, \1‘\‘ MN_,LJ{,. v y g 11]4:_E
[ W = i
105 \ M E 1o+
M- =] B
L Thi L
il ‘_, .
F 2500
10° =
-
c L
2
2 L
CJ | .
109 Contents lists available at ScienceDirect
» ' / Nuclear Inst. and Methods in Physics Research, A
I P : L L e :Ii L I‘Ii nn r( L é A B (|- ; R é i é journal homepage: www.elsevier.com/locate/nima
Energy {MeV)
USln g a Statlstlcal B ayeSIan 1nference method Characterization and description of a spectrum unfolding method for the

CATRiNA neutron detector array

tO analyze the pUISe'helght Spectra, A.B. Morelock®*, J.F. Perello?, S. Almaraz-Calderon *, B.W. Asher?, K. Brandenburg®,
J. Derkin®, G. Hamad", Y. Jones-Alberty ", E. Lopez Saavedra®, T. Massey ", Z. Meisel °,
N. Singh?, D. Soltesz ", S.K. Subedi®, A. Voinov", J. Warren"
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Fabio Rivero, FSU Honor’s thesis, 2020.
“Neutron Spectrum Unfolding with
Deuterated Liquid Scintillator Detectors”.
Fabio is now a grad student at
University of Notre Dame (ND).

Spectrum unfolding with CATRINA

2000

2500
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energy spectra
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Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

L .‘&-lL—
journal homepage: www.elsevier.com/locate/nima
;d Characterization and description of a spectrum unfolding method for the

CATRiNA neutron detector array

A.B. Morelock®*, J.F. Perello?, S. Almaraz-Calderon *, B.W. Asher?, K. Brandenburg®,
J. Derkin®, G. Hamad", Y. Jones-Alberty ", E. Lopez Saavedra®, T. Massey ", Z. Meisel °,
N. Singh?, D. Soltesz ", S.K. Subedi®, A. Voinov", J. Warren"



Unfolding vs ToF with CATRINA

2C(d.n) at E, = 9 MeV at 90 2C(d,n)Ny g (112, at Eg = 9 MeV
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Resonance spectroscopy, CATRINA + CHARON

Breakout of the Hot CNO cycle via the
140(a,p)"F = resonances in ®Ne.

States in '®Ne were populated via the '*O(3He,n) reaction.
Neutron and charged-particles were measured in
coincidence with CATRINA + CHARON.
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Breakout of the Hot CNO cycle via the
140(a,p)'"F = resonances in 8Ne.

3 Breakout [
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vereennsd HCNO I
— —3>» HCNO II

Resonance spectroscopy, CATRINA + CHARON

Undergraduate Research

States in 1®Ne w
Neutron and che
coincidence with

A E (arb. units

Valarie Milton, FSU BSc} 2023.

“Commissioning of the neutron - charged-
particle coincidence setup at FSU”.

Attended CEU @ APS-DNP in New

w Orleans, LA.

“ " Valarie is now a grad student at Louisiana

State University (LSU).

A E (arb. units) 8




Resonance spectroscopy, CATRINA + Clarion-2

« 34Ar - Waiting point in the rp-process
‘ (33Cl(p,y)**Ar) and ap-process (3°S(a,p)33Cl).

» Presolar grain characterization. =
« Final abundances and energy output in XRBs. | 0.3336%

- Resonance parameters largely undetermined!

35CI

THE ASTROPHYSICAL JOURNAL, 608:L61-L64, 2004 June 10 STABLE
© 2004. The American Astronomical Society. Al rights reserved. Printed in US.A. 75.76%

THE NUCLEAR REACTION WAITING POINTS: Mg, %Si, °S, AND *Ar
AND BOLOMETRICALLY DOUBLE-PEAKED TYPE I X-RAY BURSTS 325 345
. STABLE STABLE
Jacos LuND FiskEr AND FRIEDRICH-KARL THIELEMANN

94.99% 4.25%
2¢+38

Ground and isomeric state information for f;Ar

[ Eqlevel) (Me\l)‘ Jn | Mass Excess (keV)|  Ti2 | Decay Modes
0.0 0+ -18378.29 8 844.5 ms 34| & = 100.00%

1.5438

g 1e+
o —~— Deibel et al. PRC 84, 045802 (2011).
» | J— ‘ Long et al. PRC 97, 054613 (2018).
| S o0 K Kennington et al. PRL 124, 252702 (2020).

tlsl




Resonance spectroscopy, CATRINA + Clarion-2

« 34Ar > Waiting point in the rp-process
(33Cl(p,y)**Ar) and ap-process (3°S(a,p)33Cl).

» Presolar grain characterization.

« Final abundances and energy output in XRBs.

- Resonance parameters largely undetermined!

3
\ .7
-~ J:‘
T X
il 4
: LY
SENE S

G.S. Matthew Mestayer

)

- Perform a measurement of the
323(3He,n)3*Ar reaction.

- 3He beam and ~200 pg/cm? 325(ZnS)

Use CATRINA + Clarion + Charged-particle

coincidences to study the resonance structure

in 34Ar.




'

Closed quantum
system

N\

Near-threshold resonances and continuum effects

J

Open quantum
system

Scattering continuum

N
~ Bound states

1  Atlow excitation energies, well-bound nuclei
can be considered as closed quantum systems.

Moving towards drip lines, or higher in
excitation energy, the continuum coupling
becomes gradually more important, changing
the nature of weakly bound states.

Couplings to the continuum states play a
significant role in the structure and reactions of
these systems.




Near-threshold resonance in 1B

A puzzling exotic decay dBa. un 1zn v R
‘?j peV 10C

protan number

BC0 . Can neutron rich nuclei emit a proton?

+ beta-delayed proton emission (£ - p*) is only )
energetically allowed for a handful of light nuclei, / e

£
. 10 LBent !
11Be the most accessible. ~ s
g Baye, Tursunov, Phys. Lett. B 696, 464 (2011). ‘2; vt} n”
—~10% 3Ne https://press.ifj.edu.pl/en/news/2020/05/28/ halo neutron
>
c PHYSICAL REVIEW LETTERS ToHe
"-(I) 10.10_ 1QC Highlights Recent Accepted Collections Authors Referees Search Press About Editorial Team
% Physics Letters B
= 0 Direct Observation of Proton Emission in *'Be Volume 732, 1 May 2014, Pages 305-308
© 10- Y. Ayyad et al. )
0 o1 02 03 o4 05 1Be(Bp), a quasi-free neutron decay?
E (MeV) K. Riisager? o i, O. Forstner ” ¢, M...G. Borge ¢, J.A. Briz ¢,
Lottberg © &,
Experimental studies of the ""Be/'°Be branching ratio obtained unexpectedly high | Litlson

results that raised questions about the decay mechanism and led to speculations
about a possible nuclear dark decay channel.




Near-threshold resonance in 1B
0.30

The 11 B resonance at FSU Elkanllhawy, Iet al. RI;_B,.SZII,13661(‘) (2021)I.

.\ \easurement of the 19Be(d,n)!B*->p/a. reaction in Inverse
Kinematics at Florida State University. |
Using a 1°Be beam from RESOLUT produced via the °Be(d,p) / |

reaction. S EFT: 7 — 15 fm :
g = (1245) keV Ref. [21] ~
' ' ' 20 25 30

oo
-

Eilens Lopez-Saavedra 1s
currently a postdoc at ANL




Near-threshold resonance in 1B

The "B resonance at FSU

40— B 5 Besp
- — "B > “Li+a
o 30
R~
o
PHYSICAL REVIEW LETTERS 129, 012502 (2022) 8
oy
g 201
2
Observation of a Near-Threshold Proton Resonance in 'B §
* (&) -
E. Lopez-Saavedra "' S. Almaraz-Calderon®,"” B. W. Asher,' L. T. Baby ' N. Gerken,! K. Hanselman®," 10
K. W. Kemper ,1 A.N. Kuchera ,2 A.B. Morelock,l J.F. Perello ,'
E.S. Temanson ,1 A. Volya ,1 and 1. Wiedenhover®'
lDepan‘ment of Physics, Florida State University, Tallahassee, Florida 32306, USA 0 | | |_L n | IJI nn _n n
2Departmem of Physics, Davidson College, Davidson, North Carolina 28035, USA 9 10 11 12 13 14 15
11, .
® (Received 7 February 2022; revised 26 April 2022; accepted 1 June 2022; published 28 June 2022) B Excitation Energy (MeV)

Nuclear Physics

Near-Threshold Resonance H6|PS Explain F PHYSICAL REVIEW LETTERS 129, 012501 (2022)
a Controversial Measurement of Exotlc 12k
Decay in Beryllium-11 “r ) L
L Evidence of a Near-Threshold Resonance in ''B Relevant
SEPTEMBER 28, 2022 E 1~ to the g-Delayed Proton Emission of 'Be
% [ Y. Ayyade,"?" W Mitig, > T. Tang,” B. Ohizola.* G. Potel,” N. Rijal,” N. Watwood,” H, Abvarez- Pol,' D. an
;l_! 0.8 M. Caamaiio," .l Chen,® M. C()l1e&1 B. Fem.mdez Doming guez,' iraud,” P. Glleye s, Helmlz R. Je 3
— r B.P. Kmy E.A. Mdu geri, " B. M()nle I\Ilil() F Nd ayisabye, . N. Paneru,” J. Pereu‘.x E. Rllbln\)
e : C. Santamaria,” D. Schumann,” J. Surbmnk 3 L. Wag ner J.C. Znuurl and V. Zelevinsky™
g o6
— + 3 r
E, =11.44+0.04 MeV, (1/2%), § .
04f-
I' =20keV. T = 5.4 keV : The "B resonance at NSCL
= c = . (& f
sp > p 021
. PN SRS SN N SRS SN SN N SN ST S S N SR

0.15 0.2 0.25 0.3

(B, =11.4MeV, J* = 1/2*,and T, = 4.4 keV)




Near-threshold resonance in 1B

Open questions

LETTER - OPEN ACCESS
» Does the p-resonance have an alpha strength? Bp and B-a decay of the Be neutron halo ground state
= |s there a close 3/2* state responsible for the B | Joiowier" @ M Ploszajczal’ and W Nazarewicz*

Published 30 August 2022 - ® 2022 IOP Publishing Ltd
decay? Journal of Physics G: Nuclear and Particle Physics, Volume 49, Number 10

» |sit athreshold effect consequence of coupling

with the continuum?
- New Experiments to study the mirror nucleus "C *
The ’Li("Li,t)""B reaction with Super Enge Split % Vs
Pole Spectrograph (SE - SPS) at FSU. S 20 e
®w==- Summer 2023 ¢ 7
0L 32
- "
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Near-threshold resonances and continuum effects

Open quantum system

@l Halo structure of °B e
“Threshold [ 7 E

ARUNA

The proton dripline nucleus 8B has a ../
very small Sp ~ 138 keV. s - 4

- it presents an ideal case to study _ \ } B
nuclear OQS, and continuum effects! e G.S. Rajat Aggarwal

target

proton

Physics Letters B 780 (2018) 200-204

A "Be beam from
ature communications RESOLUT to measure
e L the "Be(d,n)*B

8 . . . Breakup of the proton halo nucleus ®*B near
Halo structure of °B determined from intermediate energy proton M . .
elastic scattering in inverse kinematics barrler €nergies I'CaCthIl and the decay

G.A. Korolev®*, A.V. Dobrovolsky?, A.G. Inglessi?, G.D. Alkhazov?, P. Egelhof®,

B D i G Fets & B! e S i LU from resonances in
’B
halo nucleus °B.

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

C. Scheidenberger®, L.O. Sergeev?, H. Simon®, M. Takechi®, S. Tang®, V. Volkov", Aocepted: 7 November 2022 4.5, Wang®™. . Y. Yang™, G. L. Zhang ™, Z. Husng™, A Inoue™, .M. A",
A.A. Vorobyov?, H. Weick®, V.I. Yatsoura® D. Kahl®™, A. Kim™, M. 5. Kwag", M. La Commara', G. M. Gu”, S. Okamoto™,

Collaboration with FSU theorist A. Volya and K. Fossez.



Near-threshold resonances and continuum effects

/27 3¢ 3p ﬁ.al-l{l[JL%_ 191
Structure of a triplet of Near-threshold resonances in '°F 30" =——pImy
5/2 6.003(9)
1 4.77(18)
The observation of a unique triplet of narrow resonances UN-2p £400
between 2p- and 3p-emission thresholds in °F requires 5/9 2.601(04)
further characterization to understand their properties.
1/2" ———— 1.146(250)
Girad-Alcindor et al. PRC 105, L051301 (2022).
F. de Grancey et al. Physics Letters B 758, 26 (2016).  SSMCC
13

3

A measurement of the *O(d, n)'°F reaction and ,
subsequent charged-particle decays with RESOLUT. -
Beam production via the “N(p,n)'*O reaction.

0.8

SRR

| \i@mﬁ“

3 35 4 45 5 5.
E... (MeV)

do/de, (barn/sr)

do/dQ,,, (barn/sr)

0.6

0.4

A study on the mirror '°C will also be pursued via the i
3C(t,p) reaction using the newly developed triton beam.”*;

[0 s S S

5
E.n (MeV)

Collaboration with FSU theorist A. Volya and K. Fossez.
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Summary

Development of a #4Ti beam at FSU for a measurement of the
44Ti(a,p)*’V reaction with Encore.

Contribution of low-lying isomers to stellar nucleosynthesis 26Al and 34Cl.

Detailed spectroscopy studies of the 3*Ar waiting point nucleus using
CATRINA + Clarion-2 arrays.

Near-threshold resonances and continuum effects "B, éB, and '°F.

Thank you!

35
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