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Preview
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Motivation

• Photon beams as a spallation source

• Reach exotic nuclei

• Comparison with simulation

• Many body physics

• Interpret dominant interactions
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Thomas Jefferson National Laboratory
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Experimental Details – FROST
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• Tagged real photons

• 0.6 – 4.3 GeV beams

• Nuclear targets

e- ᵞ
Diamond Radiator

Tagging Spectrometer



Targets
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Butanol

Carbon

Polyethylene

𝑁 =
𝑁𝐴𝜌𝐿

𝑚𝑚𝑜𝑙

• All targets contain carbon

• Scale to carbon target



Simulation
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Normalisation
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Assume GiBUU models γ12C → pπ0 well for E𝛾 = (0.6, 0.7) GeV

𝑆𝑐𝑎𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝜎p𝜋
𝐺𝑖𝐵𝑈𝑈

𝑌𝑖𝑒𝑙𝑑𝑝𝜋
𝐷𝑎𝑡𝑎PMiss = PBeam + PC12 − ෍
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Photon Energy Spectrum

Rhidian Williams April 10th, 2024 9/18



PMiss = PBeam + PC12 − ෍

i=1

n

P𝑝𝑖

Scaled Missing Mass 2 Proton Knock-Out
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𝐸𝛾 = (1.0, 1.2)GeV



Can We Isolate/Enhance Direct Knock-Outs?
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Answer: Yes!
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PMiss = PBeam + PC12 − ෍

i=1

n

P𝑝𝑖

𝐸𝛾 = (0.8, 1.0)GeV



2 Proton Knock-Out
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3 Proton Knock-Out
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4 and 5 Proton Knock-Out
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C12 Nuclear Chart
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Pb208 Nuclear Chart
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Exotic Nuclei

New Isotope

Estimated Lifetime –
Not measured

Simulations show many neutron knock-out 
also possible!



Conclusion + Future Work
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• First test of feasibility shows promising results

• Future experiments exploiting mass spectrometers could be used

• Compact photon source 

• Theorists adapting model based on our results

• Simulations show method applicable to neutrons

• Nuclear physics community take great interest

• Expand physics learnt to enhance models for photon beam experiments

• Work important for neutrino oscillation community


