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I. RANDOM UNITARY DYNAMICS

The propagator of the Schrödinger equation (10) of the main text, de�ned through  (t) = U�(t; 0) (0) is

U�(t; 0) = exp

�
�i
Z t

0

�(s)ds��

�

= cos(

tZ
0

�(s)ds)11� i sin(

tZ
0

�(s)ds)(~n~��): (S.1)

We have hhe
2i

tR

0

�(s)ds
ii� = e

�2hh(
tR

0

�(s)ds)2ii�
= e�2t, such that

hhcos(2
tZ

0

�(s)ds)ii� = e�2t; (S.2)

hhsin(2
tZ

0

�(s)ds)ii� = 0:

We obtain the density operator from an average over the noise �(t). To obtain Eq. (12) of the main text we use
cos2(�=2) = 1

2 (1 + cos�), sin2(�=2) = 1
2 (1� cos�), sin(�=2) cos(�=2) = sin(�)=2 and the ensemble averages (S.2).

II. CALCULATION OF DECOHERENCE RATES

We write our density operator with a Bloch vector:

�(t) =
1

2
(11+ ~r(t) � ~�) = 1

2
(11+

3X
k=1

rk(t)�k): (S.3)

Plugging in this representation in Eq. (5) of the main text and comparing with the derivation of Eq. (15) we get:

r1(t)(
2(t) + 
3(t)) = 2e�2t(x2 + x3)r1(0) (S.4)

Using a relation between r1(t) and r1(0) following from Eq. (15):

r1(t) = r1(0)(x1 + e�2t(x2 + x3)); (S.5)

one obtains from (S.4) and analogue calculations for r2(t); r3(t) the time dependent decoherence rates (19) of the
main text.

III. FORM OF THE ASYMPTOTIC AREA

We can parametrize x1; x2; x3 in a following way:

~r(x; y) =

0
@ x1(x; y)
x2(x; y)
x3(x)

1
A =

0
@ 1

2 (1 +
p
1� 4y)(1� x)

1
2 (1�

p
1� 4y)(1� x)
x

1
A ; (S.6)

with 0 � x � 1, � 2x
(1�x)2 � y � 1

4 . The vector ~r(x; y) is pointing from the origin of the coordinate system toward a

point on the curve separating the asymptotic parameter area (asymptotic curve) - see Figure S.1.
We are looking for an asymptotic curve with 
3(t) = 0, for which the equation

0 = (x2 + x3)x2x3 + (x3 + x1)x1x3 � (x1 + x2)x1x2
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FIG. S.1. Calculating the area of the asymptotic area with a help of new vectors ~R(s), ~z(z).

is satis�ed.
In terms of the new variables it is equivalent to an equation:

x2y + x� y = 0;

which describes some Newton's cubic curve.
The solution is:

y(x) =
x

1� x2
;

with 0 � x � �2 +
p
5, 0 � y � 1

4 .

To calculate the area of the asymptotic area we change to other variables s, z. We introduce vectors: ~R(s) being

parallel to the x1�x2 surface and ~z(z) parallel to the de�ning triangle, with ~r(s; z) = ~R(s)+ ~z(z) - see Fig. S.1. The

variable s measures the distance between the point (x1; x2; x3) = (1; 0; 0) and the �nal point of the vector ~R(s), when
the initial point is the origin of the coordinate system. The variable z is the length of vector ~z. Writing the vector

~r(s; z) as the sum of the ~R(s) and ~z(z):

~r(s; z) = ~R(s) + ~z(z) =

0
@ 1� sp

2
sp
2

0

1
A+

zp
6

0
@ �1
�1
2

1
A ; (S.7)

we get from (S.6) and (S.7):

s(x) =
1p
2

 
1� (1� x)

r
1� 4x

1� x2

!
:
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The asymptotic area equals:

ACP-div = Atot � 6

p
2

2Z
0

dsz(s) = Atot � 6

p
5�2Z
0

dx
ds(x)

dx
z(x)

= Atot � 6

p
6

2
p
2

p
5�2Z
0

dx
(3� 3x� 3x2 � x3)xq
1� 4x

1�x2 (1� x2)(1 + x)

and consequently one gets

ACP-div

Atot

� 0:130594:

IV. PAULI MASTER EQUATION

The dynamics by Eq. (5) of the main text can be represented by the following rate equation:

_p0(t) = p1(t)� x1p0(t) + p2(t)� x2p0(t) + p3(t)

� x3p0(t) = �p0(t) + p1(t) + p2(t) + p3(t); (S.8)

_p1(t) = x1p0(t)� p1(t); (S.9)

_p2(t) = x2p0(t)� p2(t); (S.10)

_p3(t) = x3p0(t)� p3(t): (S.11)

From (S.9),(S.10),(S.11) we get:

ph1 (t) = ph2 (t) = ph3 (t) = e�t:

With an ansatz: pk(t) = Ck(t)p
h
k(t) one obtains (l=1,2,3):

pk(t) = e�t

0
@xk

tZ
0

p0(s)e
sds+ Ck

1
A

=
xk
xl
pl(t) + e�t

�
Ck � xk

xl
Cl

�
:

Fixing: C1 = C2 = C3 = 0 (which corresponds to p1(0) = p2(0) = p3(0) = 0) we obtain:

pk(t) =
xk
xl
pl(t):

Adding (S.8),(S.9),(S.10),(S.11) we get:

_p0(t) = � _p1(t)� _p2(t)� _p3(t) = � _p1(t)

�
1 +

x2
x1

+
x3
x1

�

= � 1

x1
_p1(t):

With initial condition p0(0) = 1 we �nd:

p0(t) = � 1

x1
p1(t) + 1;
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from which together with (S.9) we conclude:

_p1(t) = �p1(t) + x1 � p1 ) p1(t) =
x1
2

�
1� e�2t

�
;

etc. and consequently Eq. (27) of the main text follows.

V. "NON-MARKOVIAN" FORMULATION OF DYNAMICS

It is not clear that Eq. (31) of the main text de�nes a legitimate master equation (we only know that one particular
trajectory passing through (1; 0; 0; 0)T corresponds to the jump process of Fig. 2 of the main text). Let us observe
that

A(t) :=
1

2

0
B@
�
0(t) 
1(t) 
2(t) 
3(t)

1(t) �
0(t) 
3(t) 
2(t)

2(t) 
3(t) �
0(t) 
1(t)

3(t) 
2(t) 
1(t) �
0(t)

1
CA

= 
1(t)a1 + 
2(t)a2 + 
3(t)a3:

One checks

[ak; al] = 0;

and accordingly A(t) provides a commutative family of generators. The corresponding solution for the map T (t)
satisfying

d

dt
T (t) = A(t)T (t) ; T (0) = 114; (S.12)

reads

T (t) = e
R
t

0
A(u)du = e�1(t)a1 e�2(t)a2 e�3(t)a3 ; (S.13)

with �k(t) :=
R t
0

k(u)du. The matrices ak satisfy the following properties

a2k = �ak ; a3k = ak ; : : : ; (S.14)

and hence

e�k(t)ak = 11+ (1� e��k(t))ak =: 11+ �k(t)ak: (S.15)

Consequently we obtain

T (t) =

0
BB@

~P0(t) ~P1(t) ~P2(t) ~P3(t)
~P1(t) ~P0(t) ~P3(t) ~P2(t)
~P2(t) ~P3(t) ~P0(t) ~P1(t)
~P3(t) ~P2(t) ~P1(t) ~P0(t)

1
CCA ; (S.16)

with abbreviations (for clarity we suppress the time dependence of �k(t)):

~P0(t) = 1� 1

2
(�1 + �2 + �3 � 1

2
(�1�2 + �1�3 + �2�3));

~P1(t) =
1

2
(�1 � 1

2
(�1�2 + �1�3 � �2�3));

~P2(t) =
1

2
(�2 � 1

2
(�1�2 � �1�3 + �2�3));

~P3(t) =
1

2
(�3 � 1

2
(��1�2 + �1�3 + �2�3)):
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In our special case of Eq. (8) of the main text one �nds for T (t):

T (t) =

0
B@
P0(t) P1(t) P1(t) 0
P1(t) P0(t) 0 P1(t)
P1(t) 0 P0(t) P1(t)
0 P1(t) P1(t) P0(t)

1
CA ; (S.17)

where

P0(t) =
1

2
(1 + e�2t) ; P1(t) =

1

4
(1� e�2t) : (S.18)

Notice that for the initial condition ~P (0) = (1; 0; 0; 0)T , ~Pi(t) = Pi(t). Concerning equation (36) of the main text one
�nds for the dynamical map in 3 dimensions (P3(t) = 0 for all t)

d

dt
T 0(t) =M(t)T 0(t) ; T 0(0) = 113; (S.19)

with

M =
1

2

0
@ �2 2 2

1 �2 0
1 0 �2

1
A (S.20)

the following solution

T 0(t) =

0
@ P0(t) 2P1(t) 2P1(t)
P1(t)

1
2 [P0(t) + e�t] 1

2 [P0(t)� e�t]
P1(t)

1
2 [P0(t)� e�t] 1

2 [P0(t) + e�t]

1
A : (S.21)

Equation (31) of the main text de�nes a non-Markovian classical master equation whereas Eq. (36) of the main text
is perfectly Markov. Both equations provide the same solution if we assume initial conditions (1; 0; 0; 0)T for (31) and
(1; 0; 0)T for (36).


