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Our approach:  The time-dependent Hartree-Fock (TDHF) theory

● Real space: 3D box discretized into a uniform mesh

● Real time: Taylor expansion method of 4th order

● Contact type (Skyrme) effective interaction

● No adjustable parameter specific to the reaction dynamics

Variation

: TDHF eq.

✔ We solve Skyrme TDHF equation in real space and real time

Slater determinant: Single-particle wave function:
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Particle-number projection technique

 K. Sekizawa

C. Simenel, Phys. Rev. Lett. 105, 192701 (2010)

N=NP +NT: Total number of nucleons

Projectile region: VP

✔ Particle number projection operator

: Number operator of the spatial region VP
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➢Probability Pn:  n  nucleons are in the projectile region VP

Slater determinant Overlap integral in each regionSingle-particle w.f.s
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Particle-number projection technique
C. Simenel, Phys. Rev. Lett. 105, 192701 (2010)

Projectile region: VP

➢Probability Pn:   N  neutrons are in the VP ;  Z  protons are in the VP

Because we have the TDHF wave function after collision,
in principle, we can get more information about the reaction

: Particle-number projected
  wave function

We try to analyze the particle-number projected w.f.
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✔ When one neutron is removed from 24O, Jz of neutron removed nuclei, 23O, is very small 
irrespective of the value of Elab and d.

✔ When one neutron is added to 16O, Jz of neutron added nuclei, 17O, has finite values 
which increase as the incident energy increases.
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 → ΔLz is expected to be small

ΔLz ~ 0
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Naive interpretation of the results:  transferred angular momentum

Transfer dynamics in the TDHF theory deduced from particle-number projection method

K.S. and K. Yabana, arXiv:1409.1083 [nucl-th]; submitted to PRC

n p

…

…

24O

Projectile: 24O

Target: 16O

Since d > RP+RT, highest occupied neutrons
in 2s1/2 orbital would dominate the transfer
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Results:  Expectation value of excitation energy

One neutron transfer from 24O to 16O;   24O+16O at b=0 fm (head-on collision)

✔ When one neutron is removed from 24O, excitation energy of 23O decreases as d increases

✔ When one neutron is added to 16O, excitation energy of 17O increases as d increases.
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SummarySummary

✔ We have studied MNT reactions employing the TDHF theory combined with PNP.

(K.S. and K. Yabana, PRC88(2013)014614, arXiv.1403.2862, 1409.8612, 1409.1083)

✔ We have developed a theoretical framework to calculate expectation values of operators 
in the TDHF wave function after collision with the PNP.

✔ To show usefulness of our method, the method is applied to 24O+16O reaction for two 
quantities, angular momentum and excitation energy.
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