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Introduction-Outline

Outline

Basic reaction theory
Potentials
Time evolution

Single Channel
Coupled Channels
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Basic Problem-Wave packet In Space

Wave packet

* Initial position
- Large width s | /\
Effective Potential |

* Time Dependent Hartree- _ |
Fock (TDHF)
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Basic Problem-Potential

* Internal Potential

Uws
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Basic Problem-TDHF

 Static TDHF op

* Many internal wavepackets

ol

* Allowing them to evolve s

E !

*  Mapping x,y,z into radial. s 20

- Least Squares & ol

« Effective Woods Saxon

» Excludes internal potential “or
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Basic Problem-Time Evolution

* Chebyshev Polynomials
* Time Evolution
* Extending into a set of polynomials
* Recurrence Relation

P(r, t) = e T (r, 0). Yo(t) = ¥(t)
- Y1(t) = Hio(t)

exp HA = Jo(7) D Ju(DTu(H)  ¢u(t) = 2HYn—1(t) — Yu2(t)
n=1
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Basic Problem-Absorption

* Absorption Potential
* Modified Chebyshev Polynomials
* Woods Saxon Shaped Potential

Po(t) = (t) Yo(t) = ¥(t)
Y1(t) = Hio(t) Y1(t) = e T Huy(t)
Un(t) = 2HYn_1(t) — Yn_2(t) Vn(t) = 2" "Hpp 1 () — E_Eﬁlﬂ’n—ift)-
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Results-Wavepacket Propagation

Wavepacket at time t= 0.05 zs, Norm=0.999971 Wavepacket at time t= 7.55 zs, Norm=0.999358 Wavepacket at time t= 16.05 zs, Norm=0.988246
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Results-Neutron Capture Cross Sections
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Coupled Channels-Theory

* Shifted Woods-Saxon

U
[ VCC‘ = il

R exp((r — rws — fee)/aws)
Generate and Diagonalise the Coupling Matrix
. (Inlfeclln’) = TeoupB2F (2, In, I,)

Generate a full coupled channels Hamiltonian

. ~_{0-0 0-2\ (|tn)
H= (2—0 2—2) (|¢2))

Diagonal Entries Off-Diagonal Entries

(In—In)=K+Veo+ Vs + Vee + €, 1. {1y — Int) = Vi
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Coupled Channels-Wave packet Propagation

Ground State Wavepacket at time t= 0.2 zs Ground State Wavepacket at time t= 18.1 zs Ground State Wavepacket at time t=32.1 zs Ground State Wavepacket at time t= 80.1 zs
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Coupled Channels-Absorption effects
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Coupled Channels-Cross Section Comparisons
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Future Steps

* Thermal Effects ]

205

 Reaction Rates

3
- Comparison to § 204
FRESCO,CCFULL, g
etc. é _
[ 187'05, 186'08, ’ EDEE_ single channel ]
etcC. ool :

Thermal Energy (MeV)
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* Neutron Capture Reaction
- Applying Static HF !
* Time Evolving

* Absorption

* Coupled Channels

* Comparison of capture
Cross sections
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Introduction

 The reaction
 (Os-Re clock

* Progression
* Basic Problem
* Single Channel
* Coupled Channels

19/08/2024

Os
Re

184 186 | | 187 || 188 || 189 | 190
=i
P
187 *
VT o
183 || 184 186 [+, W h
e = g —- 1 k3
A — h'ﬁ
S ¢ A

&

Mosconi, M., et al. “Neutron physics of the Re/Os clock. I. Measurement of the (n,gamma) cross sections of Os
186,187,188 at the CERN n_TOF facility.” Physical Review C-Nuclear Physics 82.1 (2010):015802
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Thermal Effects-Theory |

* Liouville Equation 2 Opla @, t) A
* In the case with a pure state I
 Our initial non-thermalised state b= v (z, ) (w(2', b)|

. I I opte. 't o i -
Lindblad Equation in P(“’; ) (8, e e + E[.].

* Gives environmental effects
» Thermalisation of the system
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Coupled Channels-Theory

. _ ] o Uws
Shifted Woods-Saxon ey .y P

* Generate the Coupling Matrix (InlfeclIn) = TeoupB2F (2, In, I},)

- Diagonalise V' = (In|VN(r, foc) | Tnr) — VN (7, 0)8nn
=) (In|@)VN(r,reca) — VN (T, 0)dnn:
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 Form factor

» (Generates using a J-
symbol

* Similar to a Glebsch-
Gordon coefficient.
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Form Factor
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