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Wwielectron induced relaxation.cdi

0.5.1 decoherence, zz coupling
Superoperator with coherent precession and decoherenc. Here we look at the effective map in just the system space
SZ['N'_, wWC_, t-_, Tl_] .= | e
Table [Tr [KroneckerProduct [PauliMatrix[i], PauliMatrix[0]] . U[w, wc, t] .

Sum[Kx [k, £, T1l] . KroneckerProduct [PauliMatrix[j], PauliMatrix[0]]
ConjugateTranspose [Kx[k, t, T1]], (k, 1, 2}] .
Uinv[w, we, t]]1/4, (1,0, 3}, (3,0, 3}];

Of course for t=0 the map is the identity.
Chop[Sz[0, O, 0, 0.2]] // MatrixForm

1. 0 0 O
ok 0y
il OO TR0 i
AN

MO () aks )

- ~ . ‘ . _ ool :
We add the Zeeman interaction and coupling to the environment we see the normal combination of precession and dephas

Chop[Sz[ (2 x) 20, (2x) 100, .001, 0.1]] // MatrixForm

1. 0 0 0
0 0.943557 0.119199 0 |
==l 0 -0.119199 0.943557 0
0 0 0 1.
environment combined with a zz coupling leads to T2 relaxation of the system. However

Notice that the action of a T1 on the

there is no T1 processes on the system.
Chop[S8z[0, (2 ) 200, .0001, 1000]] // MatrixForm

1. 0 0 0
0 0.998027 0 0
a0 0 0.998027 0 |
0 0 0 1.
Superoperator in full space .
full system/environment map. In this way we can see the effects of memory left in the

It is instructive to look at the

environment.
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We add the Zeeman interaction and coupling to the environment we see the normal combination of precession and dephasing
Chop[Sz[ (2x) 20, (2x) 100, .001, 0.1]] // MatrixForm
il 0 0 0

0 0.943557 0.119199 ©
0 0.119199 0.943557 0
0 0 0 1.
Notice that the action of a T1 on the environment combined with a zz coupling leads to T2 relaxation of the system. However
there is no T1 processes on the system.
Chop[Sz[0, (2x) 200, .0001, 1000]] // MatrixForm

3k 0 0 0
0 0.998027 0 0
g 0 0 0.p98027 O
0 0 0 1l -

Superoperator in full space _
It is instructive to look at the full system/environment map. In this way we can see the effects of memory left in the
environment.
Szfull[w_, we_, t_, T1_] == Table [ ‘ ‘ :
Tr[Paulisu4 [1] . U[w, wc, t] . Sum[Kx[k, t, T1] . Paulisu4[3j] - ConjugateTranspose |
kx[k, t, T1]11, (k. 1, 2}] . Uinv([w, we, t]]/4, {1, 0, 13}, {j, 0, 15}];

i [ fenvironme - sro then we recove g precession.
When the coupling of the system/environment i set to zero then we recover simple precession

Chop[Szfull[2r20, 0o, .001, 1000]] // MatrixForm

1 0 0 0 0 0 0 0 0 0
0. 1 0 0 0 0 0 0 0 0
0 0 0.999999 0 0 0 g g g g
: 0

0 0.999999 0 O
S 0 0 0.992115 0 0 0 0.125333 0”—
A 0 0 0 0.992115 0 0 0 0.125333
O D 200% » - ) a »
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e : o Wielectron induced relaxation.cdf
}thn we add the environment coupling then the dynamics become more complex
I'he precession case is x >y :
he environment introduces x -> yz

So all together the system operator x -> {y, yz, xz}

Chop[Szfull[(2x) 20, (2x) 40, 0.001, .001]] // MatrixForm

1l 0 0 0 0 0 0 0 0
0 0.992115 0 0 0 0 0 0 )
0 0 0.364979 0 0 0 0 0 )
0 0 0 0.367879 0 0 0 0 0
0 0 0 0 0.984292 0 0 0.0057788 0.124
0 0 0 0 0 0.992115 0 0 0
0 0 0 0 0 0 0.364979 0 1)
0 0 0 0 0.0157084 0 0 0.362101 0.124
0 0 0 0 0.124345 0 0 0.0457439 0.984
0 0 0 0 0.125333 0 0 0
0 0 0 0 0 0 0.0461075 0 0
0 0 0 0 0D.124345 0 0 0.0457439 -0.015
0 0 0 0 0 0 0 0 l
0 0 0.0461075 0 0 0 0 0 0
0 0<125333 0 0 0 0 0 0 f)
0 0 0 0 0 0 0 0 0

The amplitude of the coherence decays as Exp[-UT2] so the cffective T2 is -VLog[amplitude]
plot[- 0.0001 /Log(8z[0, (27) £, .0001, 0.1][[2, 2]11],

0, 200 {PlotRange - (0, 100}, ‘ _. 1
{::’J’.otstyl;,-- {Thicknoss[0.00S] , RGBColox [0, O, 2] }, AxesLabel » {coupling, T1}})
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D Wielectron induced rélaxation.cdr
= - axatic i
(S Avvuovyau~r IWWoCwLoLr v vwysry AdNiLvVRuYew [viuwva]

DisplayFunction - Identity}],
ListPlot [Table [pm2[n] [[9]]), (n, 1, 100, 1}],
{PlotStyle -+ {RGBColox [0, 1, 0], Thickness[0.003]},
DisplayFunction - Identity}],
ListPlot [Table [pm2[n] [[13]], {n, 1, 100, 1}],
{PlotStyle -+ {RGBColor[l, 0, 0], Thickness[0.003] },
DisplayFunction - Identity) ]}, DisplayFunction - $DisplayFunction]
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As we expect there is dephasing relaxation
Now the coupling to the environment can introduce a co

rrelation to the environment. In this case that correlation would show

up in the yz operator (#12)
ListPlot [Table[pm2 [n] [[12]], (R,
{PlotRange -+ (=1, 1}, PlotStyle -> (R
| ('{

8

05 ]- —
. 200% » ] a =

0, 100, 1}],
GBColoxr[0, O, 1], Thickness [0.003] }}]
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§ = electron induced relaxation.cdr
—Iht

}\Euw we sce that the system is strongly effected by the memory of the environment.
x\fc:\\' the coupling to the environment can introduce a correlation to the environment. In this ca
up in the yz operator (#12)
ListPlot [Table [pm3 [n] [[12]], {mn, O, 100, 1}],
{PlotRange -+ {-1, 1}, PlotStyle -> {(RGBColor[0, 0, 1], Thickness[0.003]}

-

:“F

05} o ¥
. -
- . e -"’
.. T =
i S U BN ML S s WO S RIS R L
v 20 1P . S0 B0 100
. . d .
e .
.
r -
-=() ‘\' | - -
-l0L

v ree 101 i oo the v ine
Of course when we look at the system environment correlations we see the same thing.

0.5.3 decoherence, Xx + Yy + zz coupling

ne nic the w 2 T1 proces he system.
By making the sysicm environment coupling 1sotropic then we introduce a T1 process to the system

s2[w , we_, t_, T1_] 2= o | ‘
'E‘.‘a?:.’lo[rrIKroncckorProduct{?uuliMatr;x[1], PauliMatrix([0]] .lUZ [w,‘ we, t] .
Sum[Kx [k, €, T1] « Kroncckcr?:oduct[Puuliﬂutrix[j], PauliMatrix([0]] -
Conjugatci‘ransposo[xx{k, &, 'I.'.l] 1, {k, 1, 2}] «
U2inv[W, wC, t]]/‘}r [-]-r 0, 3}, {J: 0, 3}];

Q2rn. n. 0. n.21 /7 MatrixFarm s O Ll
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