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MOTIVATION
BEFORE AFTER

<Ef*> ≈ 12-15 MeV 
<Sf> ≈ 6-8 hbar 

The fragment spin magnitudes and directions
can be probed by suitable photon measurements

Example:  The fragment spin direction is ≈ perpendicular
                    to the fission direction [Wilhelmy et al.]
                      =>  wriggling & bending modes dominate
Example:  A modern Wilhelmy-type experiment can
         reveal the relative importance of twisting
Example:  The relative role of wriggling & bending  can
  be determined by helicity-tagged photons

Such studies need accurate calculations of photon cascades

The (correlated) fragment spin distribution
P(SL,SH) is sensitive to the fission mechanism

- in the context of event-by-event Monte-Carlo simulations

PRC 5, 2041 (1972)

PRC 106, 014609 (2022)

PRC 106,014609 (2022)

FREYA, …
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g

Before emission:
The (expectation value of the) angular momentum
is directed along the z direction:

After emission:
The (expectation value of the) angular momentum
is tilted relative to the z direction:

Approximation (“semi-classical”):

The mother state is maximally aligned along :

The daughter state is maximally aligned along             ::

The emitted photon removes angular momentum

Tilting angle           :

N

N ’
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E1 photon emission

J’=J-1: Stretched

J’=J

J’=J+1: Anti-stretched

=>

=>

=>

Angular distribution:

Angular distribution:

Angular distribution:

Daughter state:

Daughter state:

Daughter sate:

Tilting:

Tilting: none

✓
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E1 photon emission
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E1 photon emission

J’=J-1: Stretched

J’=J
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=>

=>

Angular distribution:

Angular distribution:

Angular distribution:
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E1-E1 photon cascades

If different DJ do not interfere:
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E1-E1:  Angular distribution of the second photon, dN2/dw2

J = 3

- excellent
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Opening angle

Correlated emission (exact): Independent emission:

g1

g2

y12

Distribution:
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Opening angle

Correlated emission (exact): Independent emission:

g1

g2

y12

Distribution:
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- very good
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E2-E2:  Angular distribution of the second photon , dN2/dw2

J  ->  J-1  -> J-3

J  ->  J-1  -> J-2
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E2-E2:  Angular distribution of the second photon , dN2/dw2

J  ->  J-1  -> J-3

J  ->  J-1  -> J-2
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E2:  Angular distribution of the second photon
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Semi-classical treatment of photon cascades in nuclei

The mother state is maximally aligned along <N| J |N > 

The daughter state is maximally aligned along <N ’| J |N ’ >

Easy to implement into simulation codes (and fast)
May be useful when using photon angular correlations
to learn about fission fragment angular momenta

E1 cascades:
 Excellent for angular distributions 
 Very good for angular correlations

E2 cascades:
 Reasonable for angular distributions
 Excellent for angular correlations
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