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Photo-induced nuclear reactions
(g,g’) or (g,x)

Photon: intrinsic angular momentum L=1ℏ
Momentum 𝑝𝛾 = 𝐸𝛾/𝑐 basically negligible

Photo-excitation almost exclusive spin selective to 𝐽𝜋 = 1𝜋 levels
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Photon not charged!

Needs to physically hit the nucleus
⇒ low interaction cross section

Φ𝛾 at available facilities targets in order of grams required

(ELI-NP ≈mg) ⇒ only (quasi-) stable isotopes



Photo-induced nuclear reactions
(g,g’) or (g,x)

Above particle threshold (in particular neutron) multiple decay paths.
Below only g rays

Scattering cross section:

𝐼𝑆,𝑓 ∝ Γ0 ⋅
Γ𝑓

Γ
, with Γ = σ𝑓 Γ𝑓

∝
𝑁𝛾,𝑑𝑒𝑡

𝜙𝛾 ⋅ 𝑊 𝜃,𝜙
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polarised photon beams



Parity measurements using 
polarised photon beams

60N𝑖 Ԧ𝛾, 𝛾′

at HIgS
𝐸𝛾 = 9.1 𝑀𝑒𝑉
Δ𝐸𝛾

𝐸𝛾
≈ 3%



Nuclear E1 response
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Electric dipole

Not possible!!!
Only protons are charged

Mechanism

Divide center of charge
and center of mass

E1 strength in spherical nuclei 
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Nuclear E1 response
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Implications
• E1 strength near threshold(s) enhances neutron/proton capture rates 

⇒ r- and s-process flows
• Neutron skin (?) related to nuclear Equation of State ⇒ Neutron star properties
• What if nucleus has static quadrupole and octupole deformation?

⇒ enhancement of a possible CP-violating nuclear Schiff moment

At present:
Enhancement of b-decay rates 
for  the three main contributors

to the 
reactor antineutrino anomaly
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Nuclear M1 response
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Scissors Mode Gamow-Teller
Resonances

𝑩 𝑴𝟏,𝑮𝑻 ∝ 𝑺 ⋅ 𝝉
(spin-isospin interaction)

Same operator as for 
neutrino-nucleus interactions:

• Important for supernova explosions
• Important to assess 

neutrino detector efficiencies.    



Polarisation sensitivity:
search for P-violating effects
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Effects ∝
𝐽+ 𝑉𝑃𝑁𝐶 𝐽−

𝐸+−𝐸−

J.Beller, C.Stumpf, M.Scheck et al., PLB 741, 128 (2015)

Http://irfu.cea.fr/Sphn/Parity
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