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find monotone

monotonic decay

~⇤(t)R~⇤(t) < ~⇤(0)R~⇤(0)

Monotone function

Q = LTR+RL  0

require that
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Non-linear coordinate transformation

⌅1 = det�� c

c = lim
t!1

det�

~⇤ ~⌅

very simple geometry …

… but non-linear equation of motion.

treat as independent variable ⌅3

Linear equation of motion, but increased dimension!

⌅̇1 = ↵1⌅1 + ↵2⌅2 + ↵3⌅
2
2 + . . .



Standard geometry

… ‘just’ high dimensional!!!



Q = LTR+RL  0

minimise such that
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�
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metric, consistent with CP conditions

Finding the solution

semi-definite program (efficient and reliable)

if vmin < 0 then Q  0 then  CP !



Spin-Boson model

%̇ = �i
!

2
[�

z

, %] � i�[�
x

, %1]

%̇1 = �i�[�
x

, %]� ���

2
{�

x

, %} � i![�
z

, %1]� �%1



Spin-Boson model

%̇ = �i
!

2
[�

z

, %] � i�[�
x

, %1]

%̇1 = �i�[�
x

, %]� ���

2
{�

x

, %} � i![�
z

, %1]� �%1

h�
x

i h�yi

time

time

purity



Spin-Boson model

nearly never CPnegative eigenvalue ⇠ ��2�2�2!2t4

CP  for t � tc

two possible routes :

det� � c t � 0

short time violation

weak violation for



non-Markovian Spin-Boson dynamics

high temperature 
weak violation
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low temperature 
short time violation
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Outlook

Initial system bath correlations %k(0) 6= 0

⇤k(0) 6= 0

Include non-linear transformation in SDP

Find corrections for microscopically derived hom

Model non-Markovian dynamics with valid hom

Björn Witt, Łukasz Rudnicki & FM arXiv:1506.03638


