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Working Title: Robert made me do it ! 

2) IW visits ANL, March 7, 1997 RVFJ: “Don’t do anything, give me a week”   
3) An early-morning phone call from Robert, March 14, 1997 :
● RVFJ: You are experienced in Gamma-spectroscopy, but before we continue:

Are interested in radioactive-beam experiments ? 
● IW: (Enthusiastically) YES, that is one of the reasons I would love to come to 

Argonne !  (Translate: I have no idea what you are talking about...)
● RVFJ: Congratulations, we are offering you a postdoc position.

1) Erice Conference
September 1996

Topic: 
“4Π high resolution 
gamma ray 
spectroscopy and 
nuclear structure"



The Atlas in-flight radioactive beam facility, early days



RESOLUT: a radioactive beam facility at Foxlab

In-flight production of radioactive beams in inverse kinematics, 
7Li(d,3He) 6He 18-29 MeV ~1· 104 pps (40% pure)
7Li(p,n) 7Be 25-35 MeV ~2· 105 pps (80% pure)
7Li(d,p)8Li 20-30 MeV ~5 · 104 pps(90% pure)
7Li(3He,n)9B 30-45 MeV ~1 · 104 pps(10% pure)
9Be(d,p)10Be 45 MeV ~6· 103 pps (60% pure)
18O(d,n)17F 80 MeV ~2 · 105 pps (80% pure)
18O(d,p)19O 95 MeV ~5 · 104 pps (90% pure)
18O(3He,n)18Ne 70 MeV ~2· 104 pps (25% pure)
24Mg(d,n)25Al 98 MeV ~2· 104 pps (35% pure)
Beams are “purified” off-line by tracking / rf-correlations
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Topic 1: 
Measurement of the 25Al(d, n)26Si reaction and impact 
on the 25Al(p, γ)26Si reaction rate

E. Temanson, J. Baker, S. Kuvin, K. Hanselman, G. W. McCann, L. T. 
Baby, A. Volya, P. Höflich, and I. Wiedenhöver
Rev Phys. Rev. C 108, 065804 (2023)
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Galactic 26Al- decay Activity
Roland Diehl et al.: nature 439,45 (2006) Wang et al. A&A 496 (2009)

● Observation: total of ~2M⊙ of 26Al in the galaxy, 
T1/2 = 0.72 Myr, effect of ongoing nucleosynthesis

● Spatial distribution: massive star origin, Type II SNe: Do other sources contribute ?

Integral - Satellite
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Why study 26Si -Resonances ?
● 26Algs emits β-delayed 1808 keV γ:

observation with Comptel, Integral 
● Assume production starts with 25Al

Path 1) 25Al β→ 25Mg (p,γ)26Algs (5
+, T β→=0) β→26Mg + γ

in competition with 
Path 2) 25Al (p,γ) 26Si β→ 26Alm (0+, T=1) β→ 26Mg(0+)

● 26Alm, does not emit 1808 keV γ, 
Path 2 effectively by-passes the gamma-ray signal

● In order to quantify the 25Al (p,γ) reaction rate, 
ne needs to study energy of  25Al x p(l=0) 
resonances in 26Si
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Exp. Setup – Ion Chamber & Silicon-Telescope
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Radioactive 25Al beam
at FSU’s RESOLUT facility:
● Beam production: 24Mg(d,n)25Al

25Al ~7500 pps, 25% purity 
● Detect p+25Al coincidences in 

25Al(d,n)26Si(p)25Al
● Reconstruct 26Si resonances 

from p+25Al invariant mass. 
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Resonance Spectrum 
from p+25Al Invariant Mass Reconstruction



Extraction of the 3+ Proton Width: 
Combine with information from Mirror Reaction 25Mg(d,p)26Mg

C2Sl=0 = 0.11(2)
C2Sl=2 = 0.27(6)

C2Sl=0 = 0.08(2)
C2Sl=2 = 0.20(4)

Γp = 2.2 (6) eV

TUNL Work, 
R. Longland group 
C. B. Hamill, 2020

Take spectroscopic factors from mirror reaction Hamill et al. (2020), 
scale down to match experimental cross section.
l=0 spectroscopic factor is applied to barrier penetration calculation: Γp = 2.2(6) eV 
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Thermal Reaction Rate Extraction
Three ingredients: 
1) Cross section from RIB 25Al(d,n)26Si
2) & Relative C2S(l=0) / C2S(l=2) => Γp

 

3) & Branching Ratio from Liang et al.:  Γγ

Extract resonance strength and 
calculate 25Al(p,γ) reaction rate 
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Thermal Reaction Rate Calculation
Three ingredients: 
1) Cross section from RIB 25Al(d,n)26Si
2) & Relative C2S(l=0) / C2S(l=2) => Γp

 

3) & Branching Ratio from Liang et al.:  Γγ

Extract resonance strength and 
calculate 25Al(p,γ) reaction rate 



 

Topic 2: 
Observation of a Near-Threshold Proton Resonance in 11B
Study of alpha-resonances in 11 B via the 7Li(7Li, t ) reaction

E. Lopez-Saavedra, S. Almaraz-Calderon, B.W. Asher, L.T. Baby, N. Gerken, 
K. Hanselman, K.W. Kemper, A.N. Kuchera, A.B. Morelock, J. Perello, E.S. Temanson, A. 
Volya, and I. Wiedenhöver 

Phys. Rev. Lett. 129, 012502 (2022)

E. Lopez-Saavedra, S. Almaraz-Calderon, K. W. Kemper , R. Aggarwal , S. Ajayi , L. T. Baby, C. 
Benetti, A. L. Conley, J. Esparza, D. Houlihan, B. Kelly, G. W. McCann, A. B. Morelock, V. Sitaraman , 
E. Temanson , M. Wheeler, I. Wiedenhöver, C. Wibisono, A. N. Kuchera, and G. Ryan

Phys. Rev. C 112, 024324 (2025) 



Rijsager et al: A surprisingly high branching ratio 
of the 11Be → 10Be decay was observed: 
β-delayed proton decay in neutron rich nucleus ? 
quasi-free neutron decay ? 
Or decay of 11Be into 10Be, mediated by a ‘dark’ 
particle ? 

A puzzling exotic decay of 11Be



The non-exotic path from 11Be to 10Be 

The large decay branching ratio 11Be-> 10Be can not be explained easily: 
A strong and unobserved, near-threshold proton resonance in 11B would be 
needed, inside a very narrow energy window

11Be proton emission 
window ~280 KeV 

Resonant enhancement through 
a narrow state in 11B

A puzzling exotic decay of 11Be



Exp. Setup – Ion Chamber & Silicon-Telescope
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Radioactive 10Be beam
at FSU’s RESOLUT facility:
● Beam production: 9Be(d,p)10Be

10Be ~6000 pps, 60% purity 
● Detect p+10Be coincidences in 

10Be(d,n)11B(p)10Be
● Reconstruct 11B resonances 

from p+10Be invariant mass 
or α+7Li invariant mass
 



A proton-resonance in 11B

Reconstructed 11B→ 10Be+p spectrum: 
Observation of a sharp proton resonance in 
11B at Eres=211(40)  keV!
• Eex = 11.44 ± 0.04  MeV
•  σexp = 9mb , Γsp=20 keV
• C2S  0.27(6) ∼ (IF BR(p)=100%)
• Γp= 5.4 keV

Reconstructed 11B→ 7Li + α spectrum: 
Observation of the known resonances in 11B 
• Peak at Eex = 11.46 MeV 

E(p)+E(10Be): 
Reconstruct “missing” n-energy=> n-angle
Monte-Carlo of DWBA: 
Jπ = (1/2+) to the state at Eex=11.44(4) MeV. 

E(p)+E(10Be)



  The 11B resonance at FSU

Eex = 11.44 ± 0.04  MeV, Jπ = (1/2+),
Γsp=20 keV, Γp= 5.4 keV

  The 11B resonance at MSU

“R-matrix analysis shows a sizable partial decay width for 
both, proton and α (Γα ~ 11 keV) emission channels.”



• Does the near-proton threshold 
resonance have alpha strength?

• Are the appearance and properties 
of this resonance a threshold effect,  
a consequence of coupling with the 
continuum?

Open Systems - Open Questions 



7Li(7Li,t)11B*→α+7Li α-transfer measured at FSU: 
Super-Enge Split-Pole Spectrograph (SPS)
• 100 μg/cm2 metallic self-supporting 7Li target
• Clean separation of different reactions
• 11B region of interest (11.3-11.5 MeV) 

is complex

High-resolution spectroscopy α-transfer → α-decay
E. Lopez-Saavedra et al. PRC 112, 024324 (2025)

ROI



7Li(7Li,t)11B*→α+7Li α-transfer reaction & α-decay in coincidence
• Upper limit on α-decay width for 11.4 MeV resonance: Γα <11 keV 
• Still consistent with Γα  = 11(3) keV by Ayaad et al.
• The quest to characterize the 11.4 MeV proton-resonance continues. 

 

High-resolution spectroscopy α-transfer → α-decay
E. Lopez-Saavedra et al. PRC 112, 024324 (2025)

3 known resonances, Γα

Cusson: Nucl. Phys. 86, 481 (1966)

α+7Li (g.s.) α+7Li (0.48)

Compact Silicon array
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Summary

● The study of resonant states embedded in the continuum is central to Nuclear 
Astrophysics and Nuclear Structure science of exotic, nearly-unbound nuclei.

● The FSU laboratory has developed a suite of high-quality experimental tools for 
radioactive and high-quality stable beams to investigate this interface between 
“inside” and “outside” the nucleus. 

● Things I learned from Robert along the way: 
If you want to advance science, make sure you master the craft.
Be a specialist, but always strive to  expand your tool-set. 
”Fellowship”: If you want to lead people, you have to be close to them.
Pursuing science is a privilege: Work hard.   

● Robert made me (us) do it.    


