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Giant Dipole Resonance Response Relevance

Macroscopically:
○ damped oscillations at high 

frequency (1021 s-1) and 
small amplitude (1-5% of 
nuclear radius)

○ one of the fundamental 
collective excitation modes 
in nucleus, nucleons move 
against/with each other

Useful for:
○ EoS of nuclear matter
○ nuclear incompressibility
○ neutron star formation
○ photon strength function
○ radiotherapy 
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Nuclear Reactors

Medical Physics

Neutron Stars

Nuclear Reactors

Medical Physics

○ understanding neutron and photon 
fluxes for safety considerations

○ isotopic tracers
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Neutron Stars

○ Photon strength function 
connects to neutron capture 
cross sections.

○ R-process nucleosynthesis in 
neutron stars shapes their life 
cycles.

○ EoS for neutron-rich matter 
around nuclear densities are 
described by the nuclear 
symmetry energy and its 
density dependence.

○ Sv symmetry energy

○ L symmetry energy 
slope parameter 

Medical Physics
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Medical Physics

○ Radiotherapy involving photon doses has potential to produce 
neutrons in patients bodies, understanding this neutron production 
rate is key to patient safety.
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MotivationDiscrepancies & Detection Difficulties

LEFT
(a) 159Tb(γ,1n) and 

(b) 159Tb(γ,2n) cross 
sections from Saclay 

(solid line) and 
Livermore (data 

points).

RIGHT
(a) 197Au(γ,1n) and (b) 

197Au(γ,2n) cross 
sections from Saclay 

(squares) and 
Livermore (triangles), 

compared with 
evaluated data (circles 

and dotted line).
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MotivationPhotoactivation Plan of Action - Part I

What isotope should we use?

○ Reaction products are unstable nuclei with well-understood decays of characteristic γ-rays. 

○ Preferably monoisotopic (no random byproducts to sift through)

○ If we know the target atoms in our samples, the absolute photon fluence, and number of activated 
atoms, we can calculate photoneutron cross sections!
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MotivationPhotoactivation Plan of Action - Part II

Reaction Diagram

○ The prominent γ-ray decays of 168Er and 167Er are differentiable (10 keV from peak center at most) 

○ 168Tm and 167Tm have opportune half-lives, about 90 and 9 days respectively.



11

MotivationPhotoactivation Plan of Action - Part III

○ The important decays of 168Tm 
and 167Tm both involve electron 
capture, with the first including 
positron emission.

○ The resulting nuclides have 
stable ground states, so only 
their excited state populations 
primarily contribute to the 
recorded γ spectrum.
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MotivationγELBE Facility: Irradiation
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MotivationγELBE Facility: Detection Setup
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MotivationAnalysis Methodology

Nγ     full-energy peak counts 
(dead-time and pile-up corrected)

𝛆 absolute detector efficiency
p emission probability of photon
ĸcorr correction factor for decays lost

tirr irradiation time    
tmeas     measurement time   𝜆     decay constant
tloss time from irradiation end to measurement start

𝛟γ       absolute photon fluence
      𝞂γ,n     photoneutron cross section
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MotivationMeasurement Results: Spectra

169Tm target spectrum, irradiated at 18-MeV endpoint-energy γ-rays. Prominent 198-keV and 208-keV 
decay channel peaks from 169Tm(γ,1n)168Tm and 169Tm(γ,2n)167Tm, respectively.



Questions?

IReNA

Thanks!
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MotivationBonus Slide 1: Photoactivation Experiment Preparations

absolute photon fluence test measurement targets

photoneutron 
cross section
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The differential cross section for the creation of a Bremsstrahlung with an energy E𝛾 in a thin target, 
assuming incident electron with total energy E0 (our endpoint energy).

MotivationBonus Slide 2: Bremsstrahlung Creation
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MotivationBonus Slide 3: Extra Cross Sections
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Giant Dipole Response Relevance

Neutron Stars

Nuclear Reactors

Medical Physics

Photon Absorption Nuclear Response

Macroscopically:
○ damped oscillations at high 

frequency (1021 s-1) and 
small amplitude (1-5% of 
nuclear radius)

Microscopically:
○ monkey noises

Useful for:
○ EoS of nuclear matter
○ nuclear incompressibility
○ core-collapse supernovae
○ neutron star formation
○ neutron skin thickness


