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The p-process is responsible for the nucleosynthesis beyond iron of 35 stable neutron-deficient nuclei 



B2FH, Rev. Mod. Phys. 29, 547 (1957)

M. Arnould & S. Goriely, Phys. Rep. 384, 1 (2003) 

s/r seed nuclei

The p-Nuclei - ‘nuclear astrophysics p-nuts’

p-nucleus

In the solar system, the p-nuclei are 10 to 100 times 
less abundant than the s/r-nuclei.



p-Process Nucleosynthesis:
an extended network of some 20000 reactions 
linking about 2000 nuclei in the A  210 mass range

Image from C. Iliadis, Nuclear Physics of Stars (2007) 
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The gs contribution to the stellar rate for photodisintegration reactions
concerning p-nuclei typically is only a few tenths per mille.

T. Rauscher, Ap. J. Suppl. 201, 26 (2012)

Photodisintegration experiments can only be used to
derive information on certain nuclear properties required

for the calculation of the stellar rates and, thus, to test and

support the theory (statistical Hauser-Feshbach models)!!

➢
Gamma-ray strength function

➢
Nuclear level density

➢
Nucleon-nucleus optical potential

• Photodisintegrations (,n), (,p), (,)
• n-, p-, -capture reactions
• +-decays

M. Arnould & S. Goriely, Phys. Rep. 384, 1 (2003) 



Nuclear Resonance Fluorescence (NRF) Measurements on 78,80Kr to determine the SF for
p-process nucleosynthesis calculations  

80Kr was identified as a key branching point, for which the (,p) and (,) reaction rates were found to be larger than the (,n) 
rate – NON-SMOKER calculations with GLO model for SF & a shifted Fermi-gas model for NLD.

S. Goriely et al, Eur. Phys. J. A 55, 172 (2019) 

No SF data available for 78,80Kr!! 



TALYS calculations with the D1M+QRPA SF model and HFB plus combinatorial NLD model

Contrary to NON-SMOKER calculations, TALYS calculations indicate the dominance of the 80Kr(,n) channel over the 80Kr(,p)
and 80Kr(,) channels => 78Kr production follows the path 80Kr(,n)79Kr(,n)78Kr  



The production of the 78Kr via the path 80Kr(,n)79Kr(,n)78Kr is increased
by 54%, while the (,n) destruction of 80Kr is increased by a factor of 2.6
at T = 3 GK when using the D1M+QRPA Sf model comparative to the
GLO SF model.
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Sensitivity of the astrophysics predictions to the nuclear input







Parity and Spin Measurements with a Linearly Polarized Photon Beam

Azimuthal distribution
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N. Pietralla, at al. PRL 88 (2002) 012502; A. Tonchev, NIM B 241 (2005) 51474 
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Example: 

Elaser = 3.3 eV

Eelectron = 450 MeV ( = 882)

E = 10 MeV

Relativistic
electron

laser beam (eV) -ray (MeV)

How HIγS Works: Laser Compton Backscattering (LCB)

Compton

scattering

(Lorentz factor)

LCB facilities in the world:
➢ HIS @ TUNL/Duke University (USA)
➢ NewSUBARU (Japan); BL01 - ray beam usage ended
                                            on March 31, 2021
➢ VEGA @ ELI-NP (Romania); under implementation
                            (estimated to become available in 2026)



NRF Experimental Setup at HGS

Clover array Target gas cell and target holder



Photon Beam Energies (MeV) for our NRF measurements:

6.40, 6.65, 6.95, 7.20, 7.28, 7.50, 7.80, 8.15, 8.45, 8.80, 8.92, 9.15, 9.55, 9.95, 10.35, 10.75, 11.20

7.28 MeV @ 11B(,’) 8.92 MeV @ 11B(,’)

y = 0.2281x + 5.0983
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Energy calibration (56Co & 11B) 

Sn(78Kr) = 12.1 MeV

Sn(80Kr) = 11.5 MeV
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78Kr run (summer of 2022) - Photon Flux comparison 

Fission Chamber Mirror Paddle detector Au foil

10.35 10.75

Photon beam flux measurement
Fission Chamber

Gold foil

8.8 9.55 11.2



80Kr NRF measurements (July 2023) 

6.4 MeV @ 56,54Fe(,’)

6.4 MeV @ 56,54Fe(,’) & 80Kr(,’)

target: stainless-steel cell with 80Kr 

target: stainless-steel empty cell



M1 – horizontal (“cross - right”) M1 – horizontal (“cross - left”)

6.4 MeV @ 56,54Fe(,’) & 80Kr(,’)

E1 – vertical (“cross - top”) E1 – vertical (“cross - bottom”)



11.2 MeV @ 56,54Fe(,’) & 80Kr(,’)

target: stainless-steel cell with 80Kr 

80Kr NRF measurements (July 2023) 

616.6 keV

639.6 keV

Data analysis in progress: stay tuned 

137Cs2+ -> 0+@80Kr
1 1

2+ -> 2+@80Kr
2 1

2+ -> 0+@56Fe

616.6 keV

1 1
e-+e+
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A. Banu et al., Phys. Rev. C 99, 025802 (2019)



Research work for the 78,80Kr(,’) measurements is 
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Research work for the 94Mo(,n) and 90Zr(,n) measurements
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The theoretical work for the 94Mo(,n) and 90Zr(,n) measurements was performed within the IAEA CRP on 
“Updating the Photonuclear Data Library and Generating a Reference Database for Photon Strength 
Functions” (F41032)

S. Goriely et al., Eur. Phys. J. A55, 172 (2019): Reference Database for Photon Strength Functions
T. Kawano et al., Nucl. Data Sheets 163, 109 (2020): IAEA Photonuclear Data Library 2019



Thank you for your attention!
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