Anexo

En este anexo aparecen los codigos de mathematica utilizados para hacer los calculos
del trabajo “Optimizacién de observables cuanticos para la maximizacion de la visibilidad
de la autocorrelacion”.

Los distintos ficheros de mathematica aparecen nombrados y ordenados por corres-
pondencia a las secciones del trabajo principal:

’ Secciones del anexo

3.1.- S=1/2 - Heisenberg

3.2.- S=1 - Heisenberg

3.3.- S=9/2 - Heisenberg

4.1.1.- S=0.5 con pérdidas - Schrédinger

4.1.2.- S=0.5 con pérdidas - Heisenberg

4.2.1.- S=0.5 con ganancias - Schrédinger

4.2.2.- S=0.5 con ganancias - Heisenberg

4.3.1.- S=0.5 con pérdidas y ganancias - Schrodinger

4.3.2.- S=0.5 con pérdidas y ganancias - Heisenberg

4.4.1.- S=0.5 con defasaje - Schrodinger

4.4.2.- S=0.5 con defasaje - Heisenberg

4.5.1.- S=0.5 con pérdidas, ganancias y defasaje - Schrodinger
4.5.2.- S=0.5 con pérdidas, ganancias y defasaje - Heisenberg
4.5.2.- Manipulable 6 parametros

Estos ficheros se encuentran adjuntos al trabajo principal en la plataforma ADDI.
Entre ellos, el fichero 4.5.2.- Manipulable 6 pardmetros.nb contiene un grafico in-
teractivo en el que se pueden manipular lor parametros del sistema. El programa arroja el
grafico que, con los pardmetros escogidos, cumple el requisito impuesto de |C(t)]mim = 0.



3.1.- S=1/2 - Heisenberg

m-1= SO = {{1, 0}, {0, 1}} ; (xIdentidad 2x2x)
Sx = {{0@, 1}, {1, 0}} ; (*Sigma x=)
Sy = {{0, -1}, {I, 0}};
Sz = {{1, @}, {0, -1}};

H2 = {{w1, O}, {@, Wy}}; (*xHamiltoniano 2x2x)

U2 = {({Exp[-Twyt], @}, {0, Exp[-Iwzt]}};
U2dg = {{Exp[Iw;t], @0}, {0, Exp[Iw,t]}};
Ro2 = 1/Z {{Exp[-bwi], @}, {0, Exp[-bw;]}};

m-j= S = {S@, SX, Sy, Sz} ;

mnf-}= DOo[{Print[ Subscript["A", n], " (t)=",
Simplify[MatrixForm[ExpToTrig[U2dg.S[[n+1]].U2]111}, {n, O, 3}]
(* los indices del vector en mathematica van del 1 al 4, de ahi el n+1 %)

io-[39)

A (t)—( 0 Cos[t (wy -wy)] +1Sin[t (wl—wz)])
P Cos [t (Wy -wa) ] - 1Sin[t (wy - wy) ] 0

A (t%( 0 -1 Cos[t (wy -wy)] +Sin[t (wl—wz)})
2271 i Cos [t (wy —wy) ] +Sin[t (wy - wy) ] 0

A=(g G

Inf[e]:=
Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(t)",
"> =", Tr[Ro2.U2dg.S[[n+1]].U2.S[[m+1]]11, {n, @, 3}1, {m, O, 3}]
(*» los indices del vector en mathematica van del 1 al 4,
de ahi el n+l y el m+1 %)
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2 | 3.1.- 5=0.5 - Heisenberg.nb

e—bwl efbwz
<A9(6)A9(t)> = +
z z
<A1 (Q)Ag (t)> = ©
<A (@)Ag (t)> = ©
e—bwl efbwz
<A3(@)Ag (t)> = -
z z
<Ag (O)A; (t)> = ©
e—bwlﬂitwl—ith e—]’ltwl—bwzﬂith
<A1(9)A1(t)> = +
z z
i e—bw1+itwritw2 i efﬁtwl—bwyith
<A2(6)A1(t)> = - +
z z
<A3 (Q)A; (t)> = ©
<Ag (O)A, (t)> = ©
i e—bw1+ﬁtw1—itw2 i e—jtwrbw2+ﬁth
<A1 (@)A; () > = -
z z
e—bwlﬂitwl—ﬁth e—]’ltwl—bwzﬂith
<A2(9)A2(t)> = +
YA z
<A3(Q)A (t)> = ©
e—bwl efbwz
<A9(9)A3(t)> = -
zZ z
<A1 (Q)A3(t)> = ©
<A (Q)A3(t)> = ©
e—bwl efbwz
<A3(0)A3(t)> = +
z z
-343dt-it  g-1-3dtsit
m-j= C2[t_] =
e3+el e3+el
C2[t C2[t
ParametricPlot[{Re| L ]], Im[ [t]
C2[0] Cc2[0]
AxesLabel - {Style["Re C(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - StandardForm]
e-l2it  g-3+2it
ouf-]= 1 + +
1.1 1,1
e’ e e’ e
Im C(t)
Outf+J=
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3.2.- S=1 - Heisenberg

m-= GMO = {{1, @, @}, {0, 1, 0}, {0, O, 1}} ; (*IDENTIDAD=*)
GMi = {{e, 1, 0}, {1, 0, 0}, {0, 0, O}} ;
GM2 = {{o, -1, 0}, {I, 0, 0}, {0,0,0}};
GM3 = {{1, @, e}, {0, -1, 0}, {0, 0, 0}};
GM4 = {{9o, o, 1}, {0, 0, 0}, {1, 0, O}} ;
GM5 = {{0, 0, -1}, {0, 0, 0}, {I,0,0}};
GM6 = {{0, 0, 0}, {0, 0, 1}, {0, 1, O}} ;
GM7 = {{0, 0, 0}, {0, 0, -1}, {0, I,0}};

GM8 = {{3~(-1/2), e, @}, {0, 3~ (-1/2), @}, {0, 0, -23~(-1/2)}};

H3 = {{Wl) 0: 0}, {QJ W2, 0}: {0, 9, WB}};

U3 = {{Exp[-Tw; t], 0, 0}, ‘[0) Exp[-Iw;t], 0}5 {01 9, Exp[-Iwst]}};
Uddg = {{Exp[Iw,t], 0, @}, {0, Exp[Iw,t], @}, {0, 0, EXxp[Iwst]}};
Ro3 = 1/Z {{Exp[-bw,], @, @}, {0, Exp[-bw,], @}, {0, 0, EXp[-bwW3]}};

m-}= GM = {GM@, GM1, GM2, GM3, GM4, GM5, GM6, GM7, GM8} ;
mf-1= DO[{Print[ Subscript["A", n], "(t)=",

Simplify [MatrixForm[ExpToTrig[U3dg.GM[[n+1]].U3]1111}, {n, O, 8}]
(* los indices de un vector en mathematica van del 1 al 9, de ahi el n+1 x)

100
Ap(t)=|0 1 0
0 01

0 Cos[t (Wy —wy)] +1Sin[t (wy -wp)] ©
A1 (t)=]| Cos[t (wy-wy)] —1Sin[t (wy -wy)] 0 0
0 0
-1 Cos[t (wy -wy)] +Sin[t (w; -wy)] ©
Ay (t)=] iCos[t (W —wy)] +Sin[t (Wi -wy)] 0 0
0 0 0
1 0 0o
As(t)=|0 -1 0
0 0 o
0 0 Cos[t (Wy-ws3)] +1Sin[t (wy-w3)]
Ay (t)= 0 0 0 ]
Cos[t (Wwy-w3)] —1Sin[t (wy-w3)] © 0
(%] O -i1Cos[t (wy-w3)] +Sin[t (wg —w3)]
As (t) = 0 0 (4]
1 Cos[t (wy-w3)] +Sin[t (wy-w3)] © (%]
0 0 0
Ag (t)=|© 0 Cos[t (Wp-w3)] +1Sin[t (wp —w3)] ]
0 Cos[t (Wp-ws3)] —1Sin[t (wp; -ws3)] %]
0 0 0
A; (t) = 0 0 -1 Cos[t (wy —w3)] +Sin[t (Wy — W3) | J
0 1Cos[t (Wo-w3)] +Sin[t (wp; —w3)] (%]
-~ o o
\/7
As(t)=| 0 - @
e o -
N3
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2 | 3.2.- S=1 - Heisenberg.nb

In[«]:=
Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(t)",
"> = ", Tr[R03.U3dg.GM[[n+1]].U3.GM[[m+1]]1]], {n, @, 8}], {m, 0, 8}]
(» los indices de un vector en mathematica van del 1 al 9,
de ahi el n+l1 y el m+1 x)

e—bwl e—bwz e—bw3
+ +
z z YA

<A1 (Q)Ap(t)> = 0

<Ag (0) A () >

I
(O]

<Az (0)Aq () >

<A3 (0)A9 (t) >

<Ay (0)Aq () >

<As (0)Ag () >

<Ag (0)Ag () >

®© ©®© oO®© o

<A7 (e)Ag (t) >

e—bwl e—bwz 2 e—bw3

V3 z ' V3 z _ V3 z

0

<A3 (e)A9<t) > =

<Ag (0) Ap (T) >
e—bw1+1tw1—1'1tw2 —itwi-bwy+itw;
<A1 (@)A; (t)> = +
4 z
i e—bw1+i tw -1 tw,
- +

z z

e

i e—ﬁ twi-bwy+itwy

<A2 (0)A1 (t) >

<A3 (@)A1 (1) >

<A4(0)A; () >

<As (0) A1 () >

<Ag (0) A1 (t) >

<A7 (@)A1 (t)>

<A8 (0)A1 (t) >

I
o (] (] (o) () () ()

<Ag (G)Az (t) >

. e—bw1+itw1—ith ~1twi-bwy+itwy

<Ay (0)A, (t)> = — -
Z z

~bwy+itwy-itw,

ie

~1tw-bwy+i tw,

(] e

+

z z

<Az (0)A; (T)>

<A3(0)A; (t)>

<A4 (G)Az (t) >

<A5 (0)A2 (t) >

®© © O o

<A6 (e)Az (t) >

<A7 (0)A; (1) >

Il
(o)

<Ag (0)A; (t)> = ©

-bw; e—bwz

<A (0) A3 (t) >

<A, (@)As(t)> = ©
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<A (0)A3(t) >

<A3 (0)A3 (t) >

<Ag (0)A; (1) >
<As (0)A; (1) >
<Ag (0)A; (1) >

<A7 (0)A; (1) >

<A8 (0)A3 (t) >

<Ag (0)Ag (t) >
<A1 (0)Ag(t) >
<Az (0)A4(T) >

<A3 (G)A4 (t) >

<Ay (0) A4 (T) >

<A5 (0)A4 (t) >

<Ag (8) A4 (t) >
<A; (0) A4 (t) >
<Ag (0) A4 (t) >
<ho (0)As (t) >
<A; (0)As (t) >
<A, (@) As (t) >

<A3(0)As (t)>

<A4 (@) As () >

<As (0)As (T) >

<Ag (0)As (t) >
<A; (@) As (t) >
<Ag (@) As (t) >
<A (0) Ag (t) >
<Ay (@) Ag (t) >
<A, (@) Ag (t) >
<A; (@) Ag (t) >
<A, (0) Ag (t) >

<As (0)Ag (1) >

<Ag (0)Ag () >

<A7 (0)Ag (t) >

2]
2]
2]
2]
e—bw1+1tw1—1'1tw3 e—itwl—bw3+itw3
+
z z
i e—bw1+itw1—ﬁtw3 i e—ﬁtwl—bw3+1tw3
- +
z z
0
0
(]
(]
0
0
0
i e—bw1+1itw1—11tw3 i e—itwl—bw3+ﬁtw3
z Z
e—bw1+1‘1tw1—1'1tw3 e—]itwl—bw3+i1tw3
+
z z
[
0
0
0
0
0
0
0
0
e—bwzﬂith—itw; e—ith—bw3+itw3
+
Z z
i e—bwz+itwritw3 i e—]’lth—bw3+itw3
- +
Z z
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4 | 3.2.- S=1 - Heisenberg.nb

<Ag (0)Ag (t)> =
<Ag (B)A; (t)> =
<Ay (@) A, (t)> =
<A, (0)A; (t)> =
<A; (@) A; (t)> =

<Ay (0)A; (t)> =

®© ®© ®O O O o ©o

<As (@)A; (t)> =

. e—bwznith—itw; ~1twy-bws+itws

<A (0)Ay (t)> = — -
y Z

e—b Wo+1 twy-1tws

<Ay (@) A7 (t)> = +

ie

e—i twy-bws+itws

<Ag (0)A; (t)> = @

<A0(6)A8 (t) > =

<A1 (e)Ag (t) > =0

<A2 (G)Ag (t) > =0

<A3(0)A8(t)> = -

V3z 3z
<Ay (0)Ag(t)> = ©
<As (0)Ag (t)> = ©
<Ag (0)Ag (t)> = ©
<A; (0)Ag (t)> = ©

e—bw1 e—bwz 4e—bw3

Il
+
+

<Ag (0) Ag (t) >
32 32 3z
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3.3.-5=9/2 - Heisenberg

In[«]:=

L11esS = {{o, 0, @, 0, 0, 0, 0, O, 0, 1}, {0, ©, 0, 0, 9, 0, O, O, O, O},
{0,0,0,0,0,0,0,0,0,0}, {06,0,0,0,0,0,0, 0,0, 0},
{0,0,0,0,0,0,0,0,0,0}, {0,0,0,0,0,0,0, 0, 0, 0},
{0,0,0,0,0,0,0,0,0,0}, {0,0,0,0,0,0,0, 0, 0, 0},
{0,0,0,0,0,0,0,0, 0,0}, {1,0,0,0,0,0,0,0,0,0}};

(*Matriz de Gell-Mann generalizada "1,10 simétrica"x)

MatrixForm[L110S]

H10 = {{w,, 0, 0, 0, 0, 0, 0, 0, O, 0},
{0) W2, e: 9: 0, 0: 0: 0, 0) 9}, {0, 9: W3, 0: 0, 0: 9, 9: 0, 0}:
{0) 0: 9: Wga, 0: e: 9: 0, 9, 9}, {0: 0, 0, 0: Ws, 9, 0: 0, 0, 0},
{e) a: 9: 0, 0: We » 0: e) 0: 0}, {QJ 0, 0, 0, 0: 0, W7, 0, 0: 0},
{0, 9, 0: e) 0, 0, 0, Wg, 0, 0}, {9, 0, 0: 9: 0, 0, 9, 0: Wy, 9})
{0, 0,0, 0,0,0, 0,0, 0, wp}t}; (rHamiltoniano 10x10x)
MatrixForm[H10]

Uie = {{Exp[-Iw, t], @, @, 0, 0, 0, 0, 0, 0, 0}, {0, Exp[-Iw, 1], 0, 0, 0, 0, 0, 0, 0, 0},
{0, O, EXP[—stt]: 0, 0: 9, 0, 0, O, 0}) {eJ 0, 0: EXP[-I W4t], O, 0: 0, 0, 0, 0}:
{Q, 0, 0, 0, EXP[-IWSt]: 0, 0, 9, 0, 0}) {0, 0, 0, 0, 0, EXP[-IWst]: 0) 0, 0, 0}1
{6, 0,0,0,0,0, Exp[-Iw;t], 0, 0, 0}, {0,0,0,0,0,0,0, Exp[-Iwst], 0, 0},
{9, 0) 0: 0) 0, 0) 0: 0) EXP[-stt]: 0]’) {e) 0, 0: 0: Q, 0) 0: 0) 0) EXP[-I W1et]}}3
Uledg = {{EXP[let], 0, 0) 0: 0) 0, 0, 0: 0, 0]’: {0) EXP[I W2 t]: 0) 0, 0: 0: 0, 0: 0: 0})
{0, 0, Exp[Iw;t], @, 0, 0, 0, 0, 0, 0}, {0, 0, O, Exp[Iw,t], @, @, O, 0, 0, 0},
{0, 0) 0, 0, EXP[IWS t]) 0, 0, 0: 0) 0}, {0) 0, 0) 0, 0) EXP[IWG t]: 0) 0) 0, 0})
{e,0,0,0,0,0, Exp[Iw;t], 0, 0, 0}, {0, 0,0, 0,0,0,0, Exp[Iwgt], 0, 0},
{0) 0: 0: 0: 0) 0, 0) 0, EXP[IW9 t]) 0}: {01 0) 0: 0: 0, 0: 0, 0, 0: EXP[IWm t] 115
Rol0 = 1/2 {{EXP['bwll.v 9, 0, 0, 0: 0, 0, 0: 9, 0}) {0, EXP['bWZ], 0, 0: 0, 0, 0: 9, 0: 0},
{0, 0: EXP[-bW3]: 0, 0, 0: 0: 0, 0) 0}, {0: 0, 0, EXP[-bW4], 0: 0: 0, 0) 0: 0})
{aJ 0, 0: 9, EXP[-bWS], 0: 9, 0, 0: 9}, {0: 0, 0) 0: 0, EXP[-bWG]: 0, 0: 9, 0},
{eJ 0, 9, e: 0, 0, EXP[-bW7], 0, 0: 9]‘) {aJ 0, 9, e: 0: 0, 0: EXP[-bWs]: 9: 9},
{0,0,0,0,0,0,0,0, Exp[-bws], 0}, {0,0,0, 0,0, 0,0, 0,0, EXp[-bWie]}};

Out[ = J//MatrixForm=

0

OO0
OO0
OO0
OO
OO0
OO0
OO0
OO0

OO0 OOO

POOOOOO®OO®
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2 | 3.3.- 5=4.5 - Heisenberg.nb

Outl[ » J//MatrixForm=

W, © © 0 0 0 0 0 0 @
@ w, © © 6 0 © 0 0 O
@ 06 ws © 6 0 © @ 0 O
® 6 0 w, 06 0 © 0 0 O
© © 0 © ws © © 0 © ©
@ 0 0 © O wg © 0 0 0
@ 6 0 0 0 0 w, 0 0 O
@ 6 0 © 0 0 O wg 0 O
@ 6 0 0 0 0 © 0 w O
@ 6 0 0 8 0 0 B8 0 wpe

m-1= Print["<", Subscript [Superscript["A", "S"], "1,10"],
"(0)", Subscript[Superscript["A", "S"], "1,10"],
"(t)", "> = ", Tr[Ro10.U10dg.L1105.U10.L110S]]

e—bwlﬂitwl—itwle ~1twWyi-bwip+i twie
S S
<A’1,10(0) A1 10 (t) > = . + .

e
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4.1.1.- S=1/2 con pérdidas -
Schrodinger

Sminus = {{@, 0}, {1, 0}};

L = Sminus; (xoperador de Linblad de pérdidasx)

Ldg = ConjugateTranspose[L]; (xLdaggers)

H2 = {{w1, O}, {0, W}}; (*Hamiltoniano 2-dimensionalx)
Ro = {{roii, roiz}, {roa, roxp}t};

(*Calcular el Right Hand Side de la ecuacién de

Lindblad con pérdidas para los cuatro componentes de Rox)
RHSp11 = Simplify[ (-I (H2.Ro-Ro.H2) - (p/2)

((Ldg .L .Ro) [[1, 1]] + (Ro.Ldg .L) [[1, 1]] -2 (L. Ro.Ldg)))[[1, 111, p € Reals];
RHSp12 = Simplify[ (-I (H2.Ro-Ro.H2) - (p/2) ((Ldg.L .Ro)[[1, 2]] +
(Ro.Ldg .L) [[1, 2]] -2 (L. Ro.Ldg))) [[1, 2]] , p € Reals];
RHSp21 = Simplify[ (-I (H2.Ro-Ro.H2) - (p/2) ((Ldg.L .Ro)[[2, 1]] +
(Ro.Ldg .L) [[2, 11] -2 (L. Ro.Ldg))) [[2, 1]], p € Reals];
RHSp22 = Simplify[ (-I (H2.Ro-Ro.H2) - (p/2) ((Ldg.L .Ro)[[2, 2]] +
(Ro.Ldg .L) [[2, 2]] -2 (L. Ro.Ldg))) [[2, 2]] , p € Reals];

mf-]= (*Left Hand Side = Right Hand Side. Las ecuaciones que
surgen para cada componente de Ro de la ecuacion de Lindbladx)
Print[ Subscript["Ro'", 11], " (t)=", RHSp11]
Print[ Subscript["Ro'", 12], " (t)=", RHSp12]
Print[ Subscript["Ro'", 217, " (t)=", RHSp21]
Print[ Subscript["Ro'", 22], " (t) =", RHSp22]

Ro'11 (t)=-pron

ROllz(t):—f rojq (p+2j.W1 - Zj.Wz)
2

1
RO’Zl(t):*f rojy; (p*ZJll.WlJij.Wz)
2

Ro'z; (t) =p rogu

(*Resolucién de las acuaciones
diferenciales acopladas obtenidas en el paso anteriorx)

n-1- DSolve[{roll’ [t] == -proll[t], rol2'[t] = -1/2rol12[t] (p+2Iw;-21Iw,),
ro21'[t] = -1/2ro21[t] (P-2TIwy+2Iw,), ro22'[t] = proll[t]},
{roll[t], rol2[t], ro21[t], ro22[t]}, t]

our 1= {{ro11[t] ee‘ptC[l], ro22(t] > e®* (-1+eP*) C[1] +C[2],

Po12[t] » e 2 LMt C 3] nod1[t] 5 e 3 itHTitR g 411}

Printed by Wolfram Mathematica Student Edition



4.1.2.- S=1/2 con pérdidas -
Heisenberg

m-1= SO = {{1, O}, {0, 1}} ; (*xIdentidad 2x2x)
Sx = {{0, 1}, {1, 0}}; (*Sigma x=)
Sy = ({0, -I}, {I, @}}; (xSigma y+)
Sz = {{1, 0}, {0, -1}} ; (*Sigma zx)
Sminus = {{0@, 0}, {1, 0}}; (%«Sigma minusx)
L = Sminus; (xoperador de Linblad de pérdidasx)
Ldg = ConjugateTranspose[L]; (xLdaggerx)
A= {{a11, a2}, {3a21, a2}};
H2 = {{w;, O}, {@, wy}}; (*Hamiltoniano 2-dimensionalx)
Ro2 = 1/Z {{Exp[-bw;], @}, {0, Exp[-bw]1}};
(*Matriz de densidad 2x2, constante en esta imagenx)

(xCalcular el Right Hand Side de la ecuacién de Lindblad
con pérdidas para los cuatro componentes de un A genéricox)
RHSp11 = Simplify |
(I (H2.A-A.H2) - (p/2) ((Ldg.L.A)[[1,1]]+ (A.Ldg.L)[[1,1]] -2 (Ldg.A.L))) [
1, 111, p € Reals];
RHSp12 = Simplify[ (I (H2.A-A.H2) - (p/2)
((Ldg .L.A)[[1, 2]]+ (A.Ldg.L)[[1, 2]] -2 (Ldg.A.L)))[[1, 2]], p € Reals];
RHSp21 = Simplify[ (I (H2.A-A.H2) - (p/2) ((Ldg.L.A)[[2,1]] +
(A.Ldg .L) [[2, 1]] -2 (Ldg.A.L))) [[2, 111, p € Reals];
RHSp22 = Simplify[ (I (H2.A-A.H2) - (p/2) ((Ldg.L.A)[[2, 2]] +
(A.Ldg .L) [[2, 2]] -2 (Ldg.A.L))) [[2, 2]], p € Reals];

(xLeft Hand Side = Right Hand Side. Las ecuaciones que

surgen para cada componente de A de la ecuacidén de Lindbladx)
Print [Subscript["a'", 11], " (t)=", RHSp11]
Print[Subscript["a'", 12], " (t)=", RHSp12]
Print[Subscript["a'", 21], " (t)=", RHSp21]
Print [Subscript["a'", 22], " (t)=", RHSp22]
a'y1 (t)=p (a1 + ax)

1

allz(t):—galz (P-21wp+21w)

1
aI21<t>:_;aZI (p+21iw;-21w,)

a'yp(t)=0
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2 | 4.1.2.- S=0.5 con pérdidas - Heisenberg.nb

(*Resolucidén de las acuaciones diferenciales

desacopladas obtenidas en el paso anteriorx)
DSolve[all'[t] =p (-all[t] +a22), all[t], t]
DSolve[al2'[t] = -1/2a12[t] (p-2TIw;+2Iw,), al2[t], t]
DSolve[a21'[t] = -1/2a21[t] (p+2Iw;-2Tw,), a21[t], t]
DSolve[a22'[t] == @, a22[t], t]

our = {{all[t] »a22+ePtC[1]}}
outf+ J= {{alZ[t] - e_%”itwl'“‘"zc[l} }}

our - {{a21[t] 5 e 5 Tt C1) )

our-1= {{a22[t] - C[1]}}

m-1= A2pl = {{1, @}, {9, 1}} ; (*Evolucion de la identidad 2x2 bajo operador de pérdidas,
teniendo en cuenta su forma en t=0x)

A2p2 = {{e, e‘%dt"“'”"z}, {e'%'n"’“””z, 0}}; (#Evolucién de Sxx)

A2p3 = {{e, —Ie'%"nwl'”wz}, {1 e'pz_t_nw”nwz, @}}; (+Evolucién de Sy=)
A2p4 = {{-1+2e?%, 0}, {0, -1}} ; (#Evolucidn de Szx)

= Print[ Subscript["A", 0], " (t)=", MatrixForm[A2p1]]
Print[ Subscript["A", 1], " (t)=", MatrixForm[A2p2]]
Print[ Subscript["A", 2], " (t)=", MatrixForm[A2p3]]
Print[ Subscript["A", 3], " (t)=", MatrixForm[A2p4]]

10
Ae(t)z(a 1)
pt . .
0 e—Tﬂttwl—nth
A (t) =
1 (Y e—pz_t—iltwlﬂith 0
pt N .
0 i e—T-Hlth—]lth
AZ(t)_[ —E—'tw+'tw
ie 2 trMrEtM 0
-1+2ePt o
A ()= Hr2eT 0

Aovector = {S@, Sx, Sy, Sz}; (*A_i(0)«)

Aptvector = {A2pl1, A2p2, A2p3, A2p4}; (*A_i(t) bajo el operador de pérdidasx*)

Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(¥)", "> = ",
Tr[Ro2.Aptvector[[n+1]].A@vector[[m+1]]1]], {n, O, 3}1, {m, O, 3}]

(» los indices del vector en mathematica van del 1 al 4,

de ahi el n+l y el m+1 x)

(*Valores de las autocorrelaciones C_{nm}x)
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-bw;

<A9(9)Ag(t)> = +

efb Wy

<A1 (@) Ag (t)> = ©
<A; (0)Ag (t)> = ©

e—bwz

ebw (—1+2@’pt>
<As (0)Ag (t)> = - +
VA Z

<Aa(e)A1 (t) > =0

pt

t . .
e—%—bwlmtwl—nth e T

4.1.2.- S=0.5 con pérdidas - Heisenberg.nb

~1twi-bwy+itw,

<A1(9)A1(t)> = +
z
ﬁ—bw1+1‘1tw1—1'1*cw2

ie 2 ie

z

t . .
—pT—n twi-bwy+itw,

<Ay (@)A; (t)> = - +
p

<A3(0)A1 (t)> =0
<Aa(0)A2(t)> =0

t . .
—%—b wy+i twy-1tw,

z

t . .
LA twi-bwy+itw;

ie 1e 2
<A1 (0) Ay (t)> = -
z z
e—pz—t—bwlﬂitwl—ith e—%—jtwl—bwyith
<A (0)A () > = +
Z z
<A3(9)A2(t)> =0
e—bw1 e—bwz
<hg (@) A3 (T)> = -
z z

<A1(9)A3 (t)> =0
<A2(9)A3 (t)> =0
e—bwz

<A3(0)A3(t)> = +
zZ z

ebw (—1 +2 e‘pt)

(xCorrelacién normalizada Al+a.A3 para wl=3, w2=1, b=1y p=0.2,

con la proporcion "a" tal que C2p(t)=

@ en algun puntox)
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4 | 4.1.2.- 5=0.5 con pérdidas - Heisenberg.nb

m-1= C2p[t_1 = +

-1 3

el e 3 (e'?’ + e'l) e 4 e! e 3 (—1 + 2)
e 3+ e—l] * e.zzpi (e_

S22 3 t-14dt S22 3.35t-it
e 2 @ 2

0.2Pi

0.2Pi

el-e3+2e3e

(xCorrelacién Al+a.A3 para wl=3, w2=1, b=1y p=0,

con la proporcidén "a" igual al valor que tiene en C2p[t_], cuando p=0.2x)
C2pEstable[t_] =

_e.2pi -1
el e 3 (e'3 + e'l) e 4 el e 3 (—1 + 2)
+ + +
-3 -1 -3 -1 0.2Pi -3 -1 -3 -1
+ + - + +
e e e e el_-e3+2e3e e e e e
_9.2Pi
@3it-leit  o-343it-it (e'3 + e‘l) e s e-! e3 (_1 + 2)
+ + - +
e3+el e3+el el_e342e3 e—”’zz" e3+el e3+el

(*En amarillo, grafica con los valores ajustados para que C2p(t)=
0@ en algun punto. En azul la orbita que conseguiriamos si,
manteniendo el resto de valores inalterados, hiciesemos p=0x)
ParametricPlot[{{Re[CZpEstable[t]], Im[C2pEstable[t]]}, {Re[C2p[t]], Im[C2p[t]]1}},
{t, @, 30Pi}, AxesLabel - {Style["Re C(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - StandardForm]

e—l—(0.1+2.i)t e—3—(0.1—2.1'1)t _1+2(e—0.2t
ouf-]- 0.522646 . N + 1 1 +0.91334 +
1 1 1 1 1 1 1 1 3
e3+e e3+e e3+e)e (e3+e)e
-1-21it e—3+2]'Lt
ouf-]- 0.522646 |0.91334 + +
1 1 1 1
+ +
e3 e e3 e
Im C(t)
0.4

out[+ J=

—~ Re C(t)
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4.2.1.- S=1/2 con ganancias -
Schrodinger

Splus = {{@, 1}, {0, 0}};

L = Splus; (xoperador de Linblad de gananciasx)

Ldg = ConjugateTranspose[L]; (xLdaggers)

H2 = {{w1, O}, {0, W}}; (*Hamiltoniano 2-dimensionalx)
Ro = {{roii, roiz}, {roa, roxp}t};

(*Calcular el Right Hand Side de la ecuacién de

Lindblad con ganancias para los cuatro componentes de Rox)
RHSg11 = Simplify[ (-I (H2.Ro-Ro.H2) - (g/2)

((Ldg .L .Ro) [[1, 1]] + (Ro.Ldg .L) [[1, 1]] -2 (L.Ro.Ldg)))[[1, 111, g € Reals];
RHSg12 = Simplify[ (-I (H2.Ro-Ro.H2) - (g/2) ((Ldg.L .Ro)[[1, 2]] +
(Ro.Ldg .L) [[1, 2]] -2 (L. Ro.Ldg))) [[1, 2]], g € Reals];
RHSg21 = Simplify[ (-I (H2.Ro-Ro.H2) - (g/2) ((Ldg.L .Ro)[[2, 1]] +
(Ro.Ldg .L) [[2, 11] -2 (L. Ro.Ldg))) [[2, 1]], g € Reals];
RHSg22 = Simplify[ (-I (H2.Ro-Ro.H2) - (g/2) ((Ldg.L .Ro)[[2, 2]] +
(Ro.Ldg .L) [[2, 2]] -2 (L. Ro.Ldg))) [[2, 2]] , g € Reals];

(xLeft Hand Side = Right Hand Side. Las ecuaciones que
surgen para cada componente de Ro de la ecuacion de Lindbladx)
Print[ Subscript["Ro'", 117, " (t)=", RHSgl1]
Print[ Subscript["Ro'", 12], " (t)=", RHSg12]
Print[ Subscript["Ro'", 21], " (t)=", RHSg21]
Print[ Subscript["Ro'", 22], " (t) =", RHSg22]

Ro'11 (t) =g roy;

1
comoRO'1; (t)=——rogp; (§+21iw;-21wp)
2

1
RO’Zl(t):*f rojy; (g*ZJll.WlJij.Wz)
2

Ro'2; (t) =-grox

(*Resolucién de las acuaciones
diferenciales acopladas obtenidas en el paso anteriorx)

1= DSolve[{roll’ [t] = gro22[t], rol2'[t] =-1/2ro12[t] (g+2Iw;-2Iw,),
ro21'[t] = -1/2ro21[t] (8-2Twy+2Iw,), ro22'[t] = -gro22[t]},
{roll[t], rol2[t], ro21[t], ro22[t]}, t]

our 1= {{ro11[t] %C[ ] +e 8% (-1+e8%) C[2], ro22[t] > e 8% C[2],

st
Po12[t] » e 3 LMt C 3] nod1[t] 5 e 3 itHTitR g 411}
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4.2.2.- S=1/2 con ganancias -
Heisenberg

m-1= SO = {{1, O}, {0, 1}} ; (*xIdentidad 2x2x)
Sx = {{0, 1}, {1, 0}}; (*Sigma x=)
Sy = ({0, -I}, {I, @}}; (xSigma y+)
Sz = {{1, 0}, {0, -1}} ; (*Sigma zx)
Splus = {{0@, 1}, {0, 0}}; (%xSigma minusx)
L = Splus; (xoperador de Linblad de gananciasx)
Ldg = ConjugateTranspose[L]; (xLdaggerx)
A= {{a11, a2}, {3a21, a2}};
H2 = {{w;, O}, {@, wy}}; (*Hamiltoniano 2-dimensionalx)
Ro2 = 1/Z {{Exp[-bw;], @}, {0, Exp[-bw]1}};
(*Matriz de densidad 2x2, constante en esta imagenx)

(xCalcular el Right Hand Side de la ecuacién de Lindblad
con ganancias para los cuatro componentes de un A genéricox)
RHSg11 = Simplify |
(I (H2.A-A.H2) - (g/2) ((Ldg .L.A)[[1,1]]+ (A.Ldg.L)[[1,1]] -2 (Ldg.A.L)))[I
1, 111, g € Reals];
RHSg12 = Simplify[ (I (H2.A-A.H2) - (g/2)
((Ldg .L.A)[[1,2]]+ (A.Ldg.L)[[1, 2]] -2 (Ldg.A.L)))[[1, 2]], g € Reals];
RHSg21 = Simplify[ (I (H2.A-A.H2) - (g/2) ((Ldg.L.A)[[2, 1]] +
(A.Ldg .L) [[2, 1]] -2 (Ldg.A.L))) [[2, 111, g € Reals];
RHSg22 = Simplify[ (I (H2.A-A.H2) - (g/2) ((Ldg.L.A)[[2, 2]] +
(A.Ldg .L) [[2, 2]] -2 (Ldg.A.L))) [[2, 2]], g € Reals];

(xLeft Hand Side = Right Hand Side. Las ecuaciones que

surgen para cada componente de A de la ecuacidén de Lindbladx)
Print [Subscript["a'", 11], " (t)=", RHSg11]
Print[Subscript["a'", 12], " (t)=", RHSg12]
Print [Subscript["a'", 21], " (t)=", RHSg21]
Print [Subscript["a'", 22], " (t)=", RHSg22]

a'y(t)=0

1
allz(t):—galz (8-2iwp+21iw)

1
aI21<t>:_;aZI (8+2iw-21iw)

a'y (t) =g (a1 - ax)
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2 | 4.2.2.- S=0.5 con ganancias - Heisenberg.nb

m-1= (*Resolucion de las acuaciones diferenciales
desacopladas obtenidas en el paso anteriorx)
DSolve[all'[t] == @, all[t], t]
DSolve[al2'[t] = -1/2a12[t] (g-2TIw;+2Iw,), al2[t], t]
DSolve[a21'[t] = -1/2a21[t] (g+2Iw;-2Iw,), a21[t], t]
DSolve[a22'[t] = p (all-a22[t]), a22[t], t]

our-1= {{all[t] - C[1]}}

t .
“Eiitw

our-- {{a12[t] > e > rjthc[l}}}

our - {{a21[t] 5 e 5 Tt C1) )

our - {{a22[t] »all+ePtC[1]}}

m-1= A2g1 = {{1, @}, {9, 1}} ; (*Evolucion de la identidad 2x2 bajo operador de pérdidas,
teniendo en cuenta su forma en t=0x)

A2g2 = {{e, e‘%dt"“'”"z}, {e'%'n"’“””z, 0}}; (#Evolucién de Sxx)

A2g3 = {{e, —Ie'%"nwl'”wz}, {1 e'?_nw”nwz, @}}; (+Evolucién de Sy=)
A2g4 = {{1, 0}, {0, 1-2e78"}} ; (xEvolucidn de Szx)

m-;= Print [ Subscript["A", 0], " (t)=", MatrixForm[A2g1]]
Print[ Subscript["A", 1], " (t)=", MatrixForm[A2g2]]
Print[ Subscript["A", 2], " (t)=", MatrixForm[A2g3]]
Print[ Subscript["A", 3], " (t)=", MatrixForm[A2g4]]

10
Ae(t)z(a 1)
gt . .
0 e—Tﬂttwl—nth
A (t) =
1(t) e-?-ﬁtwlthz 0
gt N .
) i e—T-Hlth—]lth
AZ(t)_[ —E—'tw +1tw.
ie 2 trMrEEM 0
1 7]
A3<t>:(e 1-2e8t

1= A@vector = {S@, SX, Sy, Sz}; (*A_i(0)x)
Agtvector = {A2gl, A2g2, A2g3, A2g4}; (*A_i(t) bajo el operador de gananciasx)
Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(¥)", "> = ",
Tr[Ro2.Agtvector[[n+1]].A@vector[[m+1]]1]], {n, O, 3}1, {m, O, 3}]
(» los indices del vector en mathematica van del 1 al 4,
de ahi el n+l y el m+1 x)

(*Valores de las autocorrelaciones C_{nm}x)
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-bw; e—bwz
<A9(9)Ag(t)> = +

<A (@) Ag (t)> = ©
<A; (B)Ag (t)> = ©

ebw g bw (1 -2 e’gt)

<A3 (@) Ag (t)> = +
y yA

<Aa(e)A1 (t) > =0

gt . . gt
e—T—bwlﬂLtwl—nth e T

4.2.2.- S=0.5 con ganancias - Heisenberg.nb

~1twi-bwy+itw,

<A1(9)A1(t)> = +
z

t . .
—g——bwlﬂl tw-1tw,

ie 2 ie

z

t . .
LA} twi-bwy+itw,

<A (@)A1 (t)> = - +
zZ

<A3(0)A1 (t)> =0
<Aa(0)A2(t)> =0

i e’%’b Witi tWi-itwy

ie

z

t . .
LA twi-bwy+itw;

<A1(0)A2(t)> = -
z

t . .
—gT—b Wi+l tw-1twy

(S e

z

t . .
—%—ntwl—bwzﬂt twy

<A (@) A, (t) > = +
z

<A3 (0)A2 (t) > =0

e—bw1 e—bwz
<Ag (@) As (t)> = -

<A1 (9)A3 (t) > =
<A2 (0)A3 (t) > =

ebw  gbw (1 -2 e‘gt)

<A3(0)A3(t)> = =
z z

z

(xCorrelacién normalizada Al+a.A3 para wl=3, w2=1, b=1y g=0.2,
con la proporcion "a" tal que C2g(t)=0 en algun puntox)
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4 | 4.2.2.- 5=0.5 con ganancias - Heisenberg.nb

_B.2Pi -1
e e3 (e®+e?)e = e3 e’ (1-2)
m-1= C2g[t_1 = + + - _
e3+el ed3+el 3 1 g a2 e3+el e3+el
e’-e"+2e e 2
0.2t . . 0.2t . . _e.2pi
e Ritlét  -Z33iteit (e‘3 + e'l) e 1 [ @3 e-1 (1 _ 2e-a.zt) ]
+ + -
-3 -1 -3 -1 0.2Pi -3 -1 -3 -1
+ + -— + +
e e e e e3-elidele 3 e e e e

(xCorrelacién Al+a.A3 para wl=3, w2=1, b=1y g=0,

con la proporcién "a" igual al valor que tiene en C2g[t_], cuando g=0.2x)

_©0.2Pi -1
et e3 (e3+e?t)e = e3 et (1-2)
C2gEstable[t_] = ¥ " - _
e3t+el e3iel 3 g a2 e3+el e3+el
e’-e"+2e e 2
., ., . . _G.ZP:i
(e—31t—1+1t @-3+3it-it ) (e'3 + e'l) e 2 e-3 el (1 - 2)
+ + -
e3+el e3+el 3 g -2 e3d+el e3+el
e’-e"+2e e 2

Out]+ J=

Out]+ J=

Out]+ J=

(*En amarillo, grafica con los valores ajustados para que C2g(t)=

@ en algun punto. En azul la é6rbita que conseguiriamos si,
manteniendo el resto de valores inalterados, hiciesemos g=0x)
ParametricPlot[{{Re[CZgEstable[t] 1, Im[C2gEstable[t]]}, {Re[C2g[t]], Im[C2g[t]1]1}},
{t, @, 30Pi}, AxesLabel » {Style["Re C(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - StandardForm]

e1-(0.1:2.0)t  o3-(0.1-2.0)t 1 1_-2e92t
0.380571 + +1.62763 -
1.1 1.1 L+l)e3 (L+l)e
e3 e e3 e e3 e e3 e
efleJlt e—3+21t
0.380571 [1.62763 + +
1 1 1 1
+ +
e e e e
Im C(t)
0.3F
0.2
0.1f /
79: \ 015 1.0 Re c (t)
-0.1F
S
-0.3
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4.3.1.- S=1/2 con pérdidasy
ganancias - Schrodinger

In[e]:=

Inf]:=

Sminus = { {0, @}, {1, 0}}; (xoperador de Linblad de pérdidas. SplusDaggersx)
Splus = {{0@, 1}, {0, O}}; (xoperador de Linblad de ganancias. SminusDaggerx)
H2 = {{w1, O}, {@, W2}}; (xHamiltoniano 2-dimensionalx)

Ro = {{roii, roiz}, {roaz, rox}t};

(*Calcular el Right Hand Side de la ecuacién de Lindblad
con pérdidas y ganancias para los cuatro componentes de Rox)
RHSpg1l = Simplify[ (-I (H2.Ro - Ro.H2) -
(p/2) ((sSplus .Sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus)) -
(g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -2 (Splus. Ro.Sminus)))[[
1, 111, {p € Reals, g € Reals}|;
RHSpg12 = Simplify[ (-I (H2.Ro - Ro.H2) -
(p/2) ((splus .Sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus)) -
(g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -2 (Splus. Ro.Sminus)))[[
1, 2]], {p € Reals, g € Reals}|;
RHSpg21 = Simplify[ (-I (H2.Ro - Ro.H2) -
(p/2) ((splus .Sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus)) -
(g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -2 (Splus. Ro.Sminus)))[[
2, 111, {p € Reals, g € Reals}|;
RHSpg22 = Simplify[ (-I (H2.Ro - Ro.H2) -
(p/2) ((splus .sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus)) -
(g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -2 (Splus. Ro.Sminus)))[[
2, 2]], {p € Reals, g € Reals}|;

(xLeft Hand Side = Right Hand Side. Las ecuaciones que
surgen para cada componente de Ro de la ecuacion de Lindbladx)
Print[ Subscript["Ro'", 11], " (t)=", RHSpgll]
Print[ Subscript["Ro'", 12], " (t)=", RHSpgl2]
Print[ Subscript["Ro'", 21], " (t)=", RHSpg21]
Print[ Subscript["Ro'", 22], " (t)=", RHSpg22]

Ro'11 (t) =-p ros; + groy,

1
ROllz(t):*f rogp (g+p+2]‘lW1*2j.W2)
2

1
RO'Zl(t):*f rojy; (g+p*2]'lW1+2j.W2)
2

Ro'2; (t) =p roi; - g roy

(xResolucién de las acuaciones
diferenciales acopladas obtenidas en el paso anteriorx)
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2 | 4.3.1.- S=0.5 con pérdidas y ganancias - Schrédinger.nb

n-1- DSolve[{roll’ [t] == -proll[t] +gro22[t], rol2'[t] =-1/2rol2[t] (p+g+2Iw;-21Iw,),
ro21'[t] = -1/2ro21[t] (P+g-2Iw;+2Iw,), ro22'[t] = proll[t] -gro22[t]},
{ro1l[t], rol2[t], ro21[t], ro22[t]}, t]

(g+el 8P tp)C[1] (-1+el &P T)gC[2]

out[+ J= {{r‘oll[t] - - 5
g+p g+p
(-1+el &Pt pC[1] (el &P tgup)C[2]
ro22[t] - - + ,
g+p g+p

t pt . t pt
SEE P itw gL ?

rol2(t] e 2 z T3], ro21t] e 2 2 MM (4]
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4.3.2.- S=1/2 con pérdidasy
ganancias- Heisenberg

m-1= SO = {{1, O}, {0, 1}} ; (*xIdentidad 2x2x)
Sx = {{0, 1}, {1, ©}} ; (*Sigma x=)
Sy = {{0, -I}, {I, @}}; («Sigma y=)
Sz = {{1, 0}, {@, -1}} ; (%Sigma z%)
Sminus = {{@, @}, {1, 0}}; (xoperador de Linblad de pérdidas. SplusDaggerx)
Splus = { {0, 1}, {0, @}}; (xoperador de Linblad de ganancias. SminusDaggersx)

A= {{a11, a2}, {a21, ax}};
H2 = {{w;, O}, {@, wy}}; (+*Hamiltoniano 2-dimensionalx)

Ro2 = 1/Z {{Exp[-bw;], @}, {0, Exp[-bw]1}};
(*Matriz de densidad 2x2, constante en esta imagenx)

(xCalcular el Right Hand Side de la ecuacién de Lindblad con
pérdidas y ganancias para los cuatro componentes de un A genéricox)
RHSpgll = Simplify[ (I (H2.A-A.H2) - (p/2)
((splus .Sminus .A) [[1, 1]] + (A.Splus .Sminus) [[1, 1]] -2 (Splus. A.Sminus)))[[
1,111 - (g/2) ((sminus .Splus .A) [[1, 1]] + (A.Sminus .Splus) [[1, 1]] -
2 (sminus. A.Splus)) [[1, 111, {p € Reals, g € Reals}];
RHSpgl12 = Simplify[ (I (H2.A-A.H2) - (p/2) ((Splus .Sminus .A)[[1, 2]] +
(A.Splus .Sminus) [[1, 2]] -2 (Splus.A.Sminus)))[[1, 2]] - (g/2)
((sminus .Splus .A) [[1, 2]] + (A.Sminus .Splus) [[1, 2]] -2 (Sminus. A.Splus))[[
1, 2]1, {p € Reals, g e Reals}];
RHSpg21 = Simplify[ (I (H2.A-A.H2) - (p/2) ((Splus .Sminus .A)[[2, 1]] +
(A.Splus .Sminus) [[2, 1]] -2 (Splus.A.Sminus)))[[2, 1]] - (g/2)
((sminus .Splus .A) [[2, 1]] + (A.Sminus .Splus) [[2, 1]] -2 (Sminus. A.Splus))[[
2, 111, {p € Reals, g € Reals}];
RHSpg22 = Simplify[ (I (H2.A-A.H2) - (p/2) ((Splus .Sminus .A)[[2, 2]] +
(A.Splus .Sminus) [[2, 2]] -2 (Splus. A.Sminus)))[[2, 2]] - (g/2)
((sminus .Splus .A) [[2, 2]] + (A.Sminus .Splus) [[2, 2]] -2 (Sminus. A.Splus))[[
2, 2]1, {p € Reals, g € Reals}];

(xLeft Hand Side = Right Hand Side. Las ecuaciones que

surgen para cada componente de A de la ecuacién de Lindbladx)
Print[Subscript["a'", 11], " (t)=", RHSpgll]
Print[Subscript["a'", 12], " (t)=", RHSpgl2]
Print[Subscript["a'", 21], " (t)=", RHSpg21]
Print[Subscript["a'", 22], " (t)=", RHSpg22]

a'y1 (t)=p (-a11 + az)

1
a'u(t):—;alz (E+P-21Wy+21w,)
] 1 . .
a 21(t):—5321 (B+p+21iw -21w)

a'y (t)=g (a1 - an)
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2 | 4.3.2.- S=0.5 con pérdidas y ganancias - Heisenberg.nb

m-1= (*Resolucion de las acuaciones diferenciales
acopladas obtenidas en el paso anteriorx)
DSolve[{all'[t] = p (-all[t] +a22[t]),
al2'[t] = -1/2a12[t] (g+p-2Iw; +21Iw,),
a21'[t] =-1/2a21[t] (g+p+2Iwy-2Iw,),
a22'[t] =g (all[t] -a22[t])},
{al1[t], al2[t], a21[t], a22[t]}, t]

(g+e &P tp)C[1] (-1+el &P %) pCl2]

outf+ J= {{all[t]e - B
g+p g+p
~1+el 8P t)gCl1 e8P tg.p)C[2
azz[t]%_( )g[]+( gp)[])
g+p g+p

gt p gt pt

t N . N .
al2[t] e = 2 MTMC[3],a21(t] e 2 2 MTMCa]])

1= A2pgl = {{1, @}, {0, 1}} ;
(*Evolucién de la identidad 2x2 bajo operadores de pérdidas y ganancias,
teniendo en cuenta su forma en t=0x)
gt pt gt pt
A2pg2 = {{e, e'T'T"Itwl'Ith}, {e_z_-T_Itw”Ith, 0}} ; (*Evolucion de Sxx)

gt gt pt

t

A2pg3 = {{e, -Ie‘z_‘pz_*“wi‘””z}, [Te 2 2 1" 0]} ; (+Evolucién de Syx)

-p+2elEPtp
3 0}) {01
g+p g+p
m-;= Print [ Subscript["A", 0], " (t)=", MatrixForm[A2pgl]]
Print[ Subscript["A", 1], " (t)=", MatrixForm[A2pg2]]
Print[ Subscript["A", 2], " (t)=", MatrixForm[A2pg3]]
Print[ Subscript["A", 3], " (t)=", MatrixForm[A2pg4]]

g-p _ze(‘g'P)t

A2pg4 = {{g g}}; (*Evolucién de Sz«)

10
Ae(t)z(a 1 )
gt pt . .
—7—2—+1tw1—ntw2
I R
e—T—T—ntwlﬂlth )
gt pt . .
s —T—T+ltW1—1tW2
A, (t) = . t0 ie
i e—%—%—ﬁtwldth 0
g pi2e &P tp 0
As(t)= g T
0 go2L © EP
g+p

= A@vector = {S@, SX, Sy, Sz}; (#A_i(0)*)
Apgtvector = {A2pgl, A2pg2, A2pg3, A2pgd}; (+A i (t) bajo el operador de pérdidasx)
Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(©)", "> = ",
Tr[Ro2.Apgtvector[[n+1]].A@vector[[m+1]]1]], {n, O, 3}], {m, O, 3}]
(» los indices del vector en mathematica van del 1 al 4,
de ahi el n+l1 y el m+1 x)

(*Valores de las autocorrelaciones C_{nm}x)
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<A9 (0)A9 (t) >

<A1 (@)Aq (t)> =

<A, (0) A (t) >

<A3 (@) Ao () >

<A9 (0)A1 (t) >

<Ap (0) A1 () >

<A2 (O)Al (t) >

<A3(0)A; (t)>

<A9 (0)A2 (t) >

<A; (0)Ay () >

<A2 (0)A2 (t) >

<A3(0)Ay (t)> =

<Aa (0)A3 (t) >

<A; (0)A3(t)>

<Az (0) A3 (t)>

<A3 (0)A3 (t) >

(xCorrelacion
p=0.2 g=0.2,

4.3.2.- S=0.5 con pérdidas y ganancias - Heisenberg.nb

-bw; e—b Wy

e*bwz (g,ze(*g’p)tg,p> e’bwl (g,p+ze<’g*p)tp)
+

(g+p)Z (g+p) <2
0
e—%—?—bwlmtwl—ith e—%—?—itwfbwzﬂith
+
VA YA
i e,g%,%‘,bwﬁ“wr“wz i e—?—%—itwl—bWzthz
- +
Z Z
0
0
i e—%—%—bwlﬂitwrith i e—?—?—itwl—bwzthz
Z Z
e-gz—“-"z—t-bww‘ltwl-ith e-?-%-jtwl-bwzthz
+
Z Z
0

e bw (g_zfe(fgfp)tg_p) e bw (g_p+2e<fgfp>tp)
+
(g+p)Z (8+p)Z

normalizada Al+a.A3 para wl=3, w2=1, b=1,

con la proporcion "a" tal que C2pg(t)=0 en algun puntox)

Printed by Wolfram Mathematica Student Edition

| 3



4 | 4.3.2.- S=0.5 con pérdidas y ganancias - Heisenberg.nb

e-l e-3 _0.2Pi_0.2Pi 4 _0.2Pi_0.2Pi g 1
1= C2pgLt_1 = [ + )+ (e 22 22 +@ 22 22 )/ _—
ed+el! e3+et (0.2+0.2)

(e'l (e.z-Ze“°'2‘°'2’ ?e.z-a.z) +e3 (0.2-0.2+2e"°'2'°'2’ ?e.z))]]

e?!(0.2-2 0.2-0.2) . e?(0.2-0.2+2 <0.2) )\
[ (0.2+0.2) (e3+e?) (0.2+0.2) (e3+e?) ]]

0.2t 672t—3it—1+]’1t _O.Zt BVZt—3+3]'I.t—].lt

e 2 2 e 2 2 _e.2pi 0.2pi 4 _e.2pi_0.2p1 1
+ + (e 22 22 +@ 22 22 ) —_—
e3+el e3+el (e.2+0.2)

Pi

Pi
(e'l (e.z-ze""'z‘“) 70.2-0.2) +e3 (e.z-a.z+2e“°'2‘°'2’ To.z))]]

e!(0.2-2e(-%2921t9.2-0.2) e3(0.2-0.2+2e(22210,2)
+
[ (0.2+0.2) (e +e) (0.2+0.2) (e3+e?) ]

(xCorrelaciéon Al+a.A3 para wl=3, w2=1, b=1, p=0, g=0,

con la proporcidén "a" igual al valor que tiene en C2pg[t_], cuando p=0.2 y g=0.2%)

e_3 e_1 -(0.2+0.2) %
C2pgEstable[t ] = [ + ] +(0.2+0.2) e” z  (eP+e™)
(e‘3 + e‘l) (e‘3 + e‘l)

-1
Pi Pi -1
(—e'l (0.2-0.2-2 0.2 ©2%% 2—) re3 (0.2-0.2+2 0.2 ©2%% ?)) J

2%
-(0.2+0.2) S

] +(0.2+0.2)e™ = (el +e)

[( @3it-3-it eit-1-3it

(e®+e?) ' (e®+e?)

Pi Pi -1
(-e-l (0.2-0.2-2 a.2e“°'2*°'2’7) re3 (0.2-0.2+2 a.2e“°'2*°'2’z—)) ]

(*En amarillo, grafica con los valores ajustados para que C2p(t)=
0@ en algun punto. En azul la orbita que conseguiriamos si,
manteniendo el resto de valores inalterados, hiciesemos p=0x)
ParametricPlot |
{{Re[C2pgEstable[t]], Im[C2pgEstable[t]]}, {Re[C2pg[t]], Im[C2pg[t]]1}},
{t, @, 30Pi}, AxesLabel - {Style["Re C(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - Standar‘dForm]
-1-(0.242.4) t  o-3-(0.2-2. 1) t

outf-]- 0.4221 + -

+

o |-

1
-+
eS

o |-

1
eS
1.79769 (2.20199 (0. -0.4e%*") +0.298007 (0. +0.4e > **))

e-1-2it  g-3+2it
ouf-]- 0.4221 |1.36911 + +

+

6 |k
o, |

+

o |-

1
&3
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out]+ J=
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4.4.1.- S=1/2 con defasaje -
Schrodinger

Sz = {{1, 0}, {0, -1}};

L = Sz; (xoperador de Linblad de defasajex)

Ldg = ConjugateTranspose[L]; (xLdaggers)

H2 = {{w1, O}, {0, W}}; (*Hamiltoniano 2-dimensionalx)
Ro = {{roii, roiz}, {roa, roxp}t};

(*Calcular el Right Hand Side de la ecuacién de
Lindblad con defasaje para los cuatro componentes de Rox)
RHSd11 = Simplify[ (-I (H2.Ro-Ro.H2) - (d /2)
((Ldg .L .Ro) [[1, 1]] + (Ro.Ldg .L) [[1, 1]] -2 (L.Ro.Ldg)))[[1, 111, d € Reals];
RHSd12 = Simplify[ (-I (H2.Ro-Ro.H2) - (d/2) ((Ldg.L .Ro)[[1, 2]] +
(Ro.Ldg .L) [[1, 2]] -2 (L. Ro.Ldg))) [[1, 2]] , d € Reals];
RHSd21 = Simplify[(-I (H2.Ro-Ro.H2) - (d/2) ((Ldg.L .Ro)[[2, 1]] +
(Ro.Ldg .L) [[2, 11] -2 (L. Ro.Ldg))) [[2, 1]], d € Reals];
I (
)

~— U ~—

RHSd22 = Simplify[ (-I (H2.Ro-Ro.H2) - (d/z (Ldg .L .Ro) [[2, 2] +
(Ro.Ldg .L) [[2, 2]] -2 (L. Ro.Ldg))) [[2, 2]] , d € Reals];

~

mf-]= (*Left Hand Side = Right Hand Side. Las ecuaciones que
surgen para cada componente de Ro de la ecuacion de Lindbladx)

Print[ Subscript["Ro'", 11], " (t)=", RHSd11]

Print[ Subscript["Ro'", 12], " (t)=", RHSd12]

Print[ Subscript["Ro'", 217, " (t)=", RHSd21]

Print[ Subscript["Ro'", 22], " (t) =", RHSd22]

Ro'n(‘t):e

Ro'1p (t)=roq; (-2d - 1wy + 1 W)

Ro'y1 (t)=roy; (-2d+ 1wy —1Wwy)

RO'ZZ (t)=0

(xResolucidén de las acuaciones
diferenciales acopladas obtenidas en el paso anteriorx)
1= DSolve[{roll’ [t] =@, rol2'[t] ==rol2[t] (-2d-Iwy+Iw,),
ro21'[t] = ro21[t] (2d+Iw;-Iw,), ro22'[t] =0},
{roll[t], rol2[t], ro21[t], ro22[t]}, t]
our- )= {{roll[t] - C[1], rol2[t] - e 24t twrith C2],
ro21[t] - e*dt ittt C[3], ro22(t] > C[4] }}
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4.4.2- S=1/2 con defasaje -
Heisenberg

SO = {{1, 0}, {0, 1}} ; (+«Identidad 2x2x)

Sx = {{0, 1}, {1, 0}}; (*Sigma x=)

Sy = {{@, -I}, {I, @}}; (+Sigma y+)

Sz = {{1, 0}, {0, -1}} ; (*Sigma zx)

L = Sz; (xoperador de Linblad de defasajex)

Ldg = ConjugateTranspose[L]; (xLdaggers)

A= {{a11, a2}, {a21, ax}};

H2 = {{w;, O}, {@, wy}}; (+*Hamiltoniano 2-dimensionalx)
Ro2 = 1/Z {{Exp[-bw;], @}, {0, Exp[-bw]1}};

(*Matriz de densidad 2x2, constante en esta imagenx)

(*Calcular el Right Hand Side de la ecuacién de Lindblad
con defasaje para los cuatro componentes de un A genéricox)
RHSd11 = Simplify |
(I (H2.A-A.H2) - (d/2) ((Ldg.L.A)[[1,1]]+ (A.Ldg.L)[[1,1]] -2 (Ldg.A.L)))[I
1, 111, d € Reals];
RHSd12 = Simplify[ (I (H2.A-A.H2) - (d/2)
((Ldg .L.A)[[1,2]]+ (A.Ldg.L)[[1, 2]] -2 (Ldg.A.L)))[[1, 2]], d € Reals];
RHSd21 = Simplify[ (I (H2.A-A.H2) - (d/2) ((Ldg.L.A)[[2,1]] +
(A.Ldg .L) [[2, 1]] -2 (Ldg.A.L))) [[2, 111, d € Reals];
RHSd22 = Simplify[ (I (H2.A-A.H2) - (d/2) ((Ldg.L.A)[[2, 2]] +
(A.Ldg .L) [[2, 2]] -2 (Ldg.A.L))) [[2, 2]], d € Reals];

(xLeft Hand Side = Right Hand Side. Las ecuaciones que

surgen para cada componente de A de la ecuacidén de Lindbladx)
Print[Subscript["a'", 11], " (t)=", RHSd11]
Print [Subscript["a'", 12], " (t)=", RHSd12]
Print[Subscript["a'", 21], " (t)=", RHSd21]
Print[Subscript["a'", 22], " (t)=", RHSd22]

a'n (t)=0
a'12(t):—a12 (2d—j.W1+j.W2)
aI21(t):*321 (2d+j.W17]']_W2)

a'yp(t)=0
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2 | 4.4.2.- 5=0.5 con defasaje - Heisenberg.nb

m-1= (*Resolucion de las acuaciones diferenciales
desacopladas obtenidas en el paso anteriorx)
DSolve[all'[t] == @, all[t], t]
DSolve[al2'[t] = -al2[t] (2d-TIw; +Iw,), al2[t], t]
DSolve[a21'[t] = -a21[t] (2d+Iw;-Iw,), a21[t], t]
DSolve[a22'[t] = @, a22[t], t]

ouf-}= {{allft] - C[1]}}
Outf J- {{alZ[t] %e—zd‘t-#itwl—]'lthlz(:[l]}}
outf J= {{aZl[t] %e—zdt—itwlﬂithc[l]}}

ouf-]= {{a22[t] - C[1]}}

m-}= A2d1 = {{1, @}, {0, 1}} ; (*Evolucidon de la identidad 2x2 bajo operador de pérdidas,
teniendo en cuenta su forma en t=0x)
A2d2 = {{@, et Ttu-Ttw}  f-2dtItuslti g} ((Evolucion de Sx)
A2d3 = {{0, -T e 2t Itrm-Ttm} []e-2dt-TtwmIti gl} 5 (+Evolucion de Sysx)
A2d4 = {{1, @}, {0, -1}}; (*xEvolucion de Szx)

m-;= Print [ Subscript["A", 0], " (t)=", MatrixForm[A2d1]]
Print[ Subscript["A", 1], " (t)=", MatrixForm[A2d2]]
Print[ Subscript["A", 2], " (t)=", MatrixForm[A2d3]]
Print[ Subscript["A", 3], " (t)=", MatrixForm[A2d4]]

10
Ae(t)z(a 1)
) e—zdt+itw1—itw2
Al(t):[e—zdt—jtwlﬂith o
0 Li e 2dtritwitw
Az (t) = i e 2dtitweitu 2
1 0
A3(t>:(o —1)

Aovector = {S@, Sx, Sy, Sz}; (+A_i(0)«)

Adtvector = {A2d1, A2d2, A2d3, A2d4}; (»A_i(t) bajo el operador de defasajex)

Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(©)", "> = ",
Tr[Ro2.Adtvector[[n +1]].A@vector[[m+1]]1]]1, {n, @, 3}], {m, O, 3}]

(» los indices del vector en mathematica van del 1 al 4,

de ahi el n+l y el m+1l x)

(*Valores de las autocorrelaciones C_{nm}x)
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e—bwl e—bwz
<A9(9)Ag(t)> = +
VA Z
<A1 (@) Ag (t)> = ©
<A, (B)Ag (t)> = ©

e—bwl e—bwz
<A3(0)A9(t)> = -

<A (0)A; (t)> = ©

e—Zdt—bw1+itw1—ith e—zdt—itwl—bw2+ith

<A1(0)A1(t)> = +
A Z
i efzdt—bwlﬂltwrith i 672dt—itw1—bwz+jtw2
<A2(0)A1(t)> = - +
zZ z
<A3(0)A;(t)> = ©
<Pg (B)A, (t)> = ©
i e—zdt—bw1+itw1—itw2 i e—Zdt—itwl—bwz+itw2
<A; (@) Ay (t)> = -
Z z
e—Zdtfbwln‘Ltwrith edet—J‘Ltwl—bwzﬂith
<A2(0)A2(t)> = +
z z

<A; (@)A; (t)> = ©

e—bwl e—bwz
<Ag (0)A3(t)> = -
YA Z
<A (0)As (t)> = @
<A (0)A3(t)> = ©

efbwl e—bwz

<A3(0)A3(t)> = +
z z

(*Correlacién normalizada Al+a.A3 para wl=3, w2=1, b=1y d=0.2,
con la proporcion "a" tal que C2d(t)=@ en algin puntox)
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4 | 4.4.2.- 5=0.5 con defasaje - Heisenberg.nb

20.201 Sl ((@-2@.2t-3it-l+it  o-2:0.2t-3+3it-it 20,261
mep= C2d[t_ ] = (1+e_ 2 1 ) ([ + ]+e_ 1)]

-3 -1 -3 -1

e " +e e " +e

(xCorrelacién Al+a.A3 para wl=3, w2=1, b=1y d=0,

con la proporcidén "a" igual al valor que tiene en C2d[t_], cuando d=0.2%)

2.0.2pi -1 @ 3it-leit  o-3+3it-it 2.0.2pi
C2dEstable[t ] = (1+e‘—z (1)) ([ + ] +e 2z (1))
e3+el e3+el

(*En amarillo, grafica con los valores ajustados para que C2d(t)=

@ en algun punto. En azul la orbita que conseguiriamos si,

manteniendo el resto de valores inalterados, hiciesemos d=0x)
Par‘ametricPlot[{{Re[CZdEstable[t]], Im[C2dEstable[t]]}, {Re[C2d[t]], Im[C2d[t]]1}},

{t, @, 30Pi}, AxesLabel - {Style["Re C(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - StandardForm]

-1-(0.4+2.1) t

e
ouf-]- 0.652108 |0.533488 + +
1 1 1 1
+ +
e3 e e3 e
-1-21t e—3+2]'lt
ouf-]- 0.652108 |0.533488 + +
1 1 1 1
+ +
e3 e @3 e
Im C(t)
outf+ J= ~
Re €(t)
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4.5.1.- S=1/2 con pérdidas,
gananciasy defasaje - Schrodinger

Inf]:=

Sminus = { {0, @}, {1, 0}}; (xoperador de Linblad de pérdidas. SplusDaggersx)
Splus = {{0@, 1}, {0, O}}; (xoperador de Linblad de ganancias. SminusDaggerx)
Sz = {{1, @}, {@, -1}}; (xoperador de Linblad de defasaje. SzDaggerx)

H2 = {{w1, O}, {0, W}}; (*Hamiltoniano 2-dimensionalx)

Ro = {{roii, roiz}, {roa, roxp}t};

(»Calcular el Right Hand Side de la ecuacién de Lindblad
con pérdidas y ganancias para los cuatro componentes de Rox)

RHSpgd11 = Simplify[(-I (H2.Ro-Ro.H2) -
(p/2) ((splus .Sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus)) -
(g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -

(d/2) ((sz .Sz .Ro) + (Ro.Sz.Sz) -2 (Sz.Ro.Sz)) -2 (Splus. Ro.Sminus)))[[
1, 111, {p € Reals, g € Reals, d e Reals}];

RHSpgd12 = Simplify[ (-I (H2.Ro - Ro.H2)
- (p/2) ((Splus .Sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus))
- (g/2) ((Sminus .Splus .Ro) + (Ro.Sminus .Splus) -2 (Splus.Ro .Sminus))
- (d/2) ((sz .sz .Ro) + (Ro.Sz.5z) -2 (Sz.Ro.Sz)))[[1, 211,

{p € Reals, g € Reals, de Reals}];

RHSpgd21 = Simplify [ (-I (H2.Ro - Ro.H2)
- (p/2) ((Splus .Sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus))
- (g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -2 (Splus.Ro .Sminus))
-(d/2) ((sz .5z .Ro) + (Ro.Sz.5z) -2 (Sz.Ro.Sz)))[[2, 111,

{p € Reals, g € Reals, d e Reals}];

RHSpgd22 = Simplify [ (-I (H2.Ro - Ro.H2) -
(p/2) ((splus .sminus .Ro) + (Ro.Splus.Sminus) -2 (Sminus.Ro .Splus)) -
(g/2) ((sminus .Splus .Ro) + (Ro.Sminus .Splus) -

(d/z) ((sz .sz .Ro) + (Ro.Sz.Sz) -2 (Sz.Ro.Sz)) -2 (Splus. Ro.Sminus)))[[
2, 2]1, {p € Reals, g € Reals, d € Reals}|;

(xLeft Hand Side = Right Hand Side. Las ecuaciones que
surgen para cada componente de Ro de la ecuacion de Lindbladx)
Print[ Subscript["Ro'", 11], " (t)=", RHSpgdl1]
Print[ Subscript["Ro'", 12], " (t)=", RHSpgdl2]
Print[ Subscript["Ro'", 21], " (t)=", RHSpgd21]
Print[ Subscript["Ro'", 22], " (t)=", RHSpgd22]

Ro'11 (t) =-p ros; + groy;

1
ROllz(t):*fr‘Olz (4d+g+p+211w1—2]lw2)
2

1
RO'1 (t)=——roy (Ad+g+p-21w; +21w)
2

Ro'3; (t) =p roy; - groy
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2 | 4.5.1.- S=0.5 con pérdidas, ganancias y defasaje - Schrédinger.nb

(*Resolucidén de las acuaciones
diferenciales acopladas obtenidas en el paso anteriorx)

1= DSolve[{roll" [t] = -proll[t] +gro22[t],
rol2'[t] =1/2ro12[t] (-4d-g -p-2Tw; +21Iw,),
ro21'[t] =1/2ro21[t] (-4d-g -p+2Iw;-2Iw,), ro22'[t] =proll[t] -gro22[t]},
{roll[t], rol2[t], ro21[t], ro22[t]}, t]
(g+e 8P tp)C[1] (-1+el &P T)gC[2]

out[+ J= {{r‘oll[t] - - s
g+p g+p
(-1+el &Pt pC[1] (e &P Tgup)C[2]
ro22[t] - - + ,
g+p g+p

gt pt . .
- _8t_pt_
2dt PR itwy ]Lthc

gt pt . .
rol2[t] - e [3], ro21[t] » e 29" 2 2ttt gy
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4.5.2.- S=1/2 con pérdidas,
ganancias y defasaje - Heisenberg

SO = {{1, 0}, {0, 1}} ; (+#Identidad 2x2%x)

Sx = {{0, 1}, {1, 0}}; (*Sigma x=)

Sy = {{0, -I}, {I, ©}}; (%Sigma y=*)

Sz = ({1, 0}, {@, -1}} ; (%xSigma z. operador de Linblad de defasaje. SzDaggerx)
Sminus = {{@, @}, {1, 0}}; (xoperador de Linblad de pérdidas. SplusDaggerx)
Splus = {{0@, 1}, {0, 0}}; (*operador de Linblad de ganancias. SminusDaggersx)

A= {{a11, a2}, {a21, ax}};
H2 = {{w;, O}, {@, wy}}; (+*Hamiltoniano 2-dimensionalx)

Ro2 = 1/Z {{Exp[-bw;], @}, {0, Exp[-bw]1}};
(*Matriz de densidad 2x2, constante en esta imagenx)

(xCalcular el Right Hand Side de la ecuacién de Lindblad con pérdidas
ganancias y defasaje para los cuatro componentes de un A genéricox)
RHSpgd11 = Simplify| (
I (H2.A-A.H2)
- (p/2) ((Splus .Sminus .A) + (A.Splus .Sminus) - 2 (Splus. A.Sminus))
- (g/2) ((sminus .Splus .A) + (A.Sminus .Splus) -2 (Sminus. A.Splus))
-(d/2) ((sz.sz.A) + (A.5z .Sz) -2 (Sz.A.Sz))
)[[1, 111, {p € Reals, g e Reals, d € Reals}];
RHSpgd12 = Simplify| (
I (H2.A-A.H2)
- (p/2) ((splus .Sminus .A) + (A.Splus .Sminus) - 2 (Splus. A.Sminus))
- (g/2) ((sminus .Splus .A) + (A.Sminus .Splus) -2 (Sminus. A.Splus))
-(d/2) ((sz.sz.A) + (A.Sz .Sz) -2 (Sz.A.Sz))
)[[1, 211, {p € Reals, g€ Reals, d € Reals}];
RHSpgd21 = Simplify| (
I (H2.A-A.H2)
- (p/2) ((Splus .Sminus .A) + (A.Splus .Sminus) - 2 (Splus. A.Sminus))
- (g/2) ((sminus .Splus .A) + (A.Sminus .Splus) -2 (Sminus. A.Splus))
-(d/2) ((sz.sz.A) + (A.5z .Sz) -2 (Sz.A.Sz))
)[[2, 111, {p € Reals, g e Reals, d € Reals}];
RHSpgd22 = Simplify| (
I (H2.A-A.H2)
- (p/2) ((Splus .Sminus .A) + (A.Splus .Sminus) - 2 (Splus. A.Sminus))
- (g/2) ((sminus .Splus .A) + (A.Sminus .Splus) -2 (Sminus. A.Splus))
-(d/2) ((sz.sz.A) + (A.Sz .Sz) -2 (Sz.A.Sz))
) [[2, 211, {p € Reals, g e Reals, d € Reals}];
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2 | 4.5.2.- S=0.5 con pérdidas, ganancias y defasaje - Heisenberg.nb

Inf]:=

Outf«]J=

Infe ]:=

(xLeft Hand Side = Right Hand Side. Las ecuaciones que

surgen para cada componente de A de la ecuacién de Lindbladx)
Print[Subscript["a'", 11], " (t)=", RHSpgdll]
Print[Subscript["a'", 12], " (t)=", RHSpgdl2]
Print [Subscript["a'", 21], " (t)=", RHSpgd21]
Print[Subscript["a'", 22], " (t)=", RHSpgd22]

a'1 (t)=p (-ai1 + ax)

1
a'12(t):——a12 (4d+g+p—21’1w1+21'1w2)
2

1
aI21<t>:—_321 (4d+g+p+21’1w1—21'1w2)
2

a'y (t)=g (a1 - axn)

(xResolucidén de las acuaciones diferenciales
acopladas obtenidas en el paso anteriorx)
DSolve[{all'[t] == p (-all[t] +a22[t]),
al2'[t] =-1/2a12[t] (4d+g+p-2Iw +2Iwy),
a21'[t] =-1/2a21[t] (4d+g+p+2Iw;-21Iw,),
a22'[t] =g (all[t] -a22[t])},
{al1[t], a12[t], a21[t], a22[t]}, t]

(g+el 8P tp)C[1] (-1+el &P t)pC[2]

{{a11[t] > - B
g+p g+P
~l+el 8Pt gC1 e8P tg.p)C[2
2220t] - ( ) gCl1] . ( g+p)Cl ],
g+p g+p
al2[t] - e'Zdt'gz_'pz_"“‘"l'“WZC[3], a21[t] > e—Zdt—gT—"T—itw1+ithc[4]}}

A2pgdl = {{1, @}, {0, 1}};
(*Evolucién de la identidad 2x2 bajo operadores de pérdidas ganancias y defasaje,
teniendo en cuenta su forma en t=0+x)

t t t t
A2pgd2 = {{e, e_Zdt_gT_pT+Itwl_Ith}, {e_Zdt_gT_pT_Itw“Ith, @}}; (#Evolucién de Sxx)
gt pt gt pt

A2pgd3 = {{e, -I e'Zdt'z__z_"Itwl'”wz}, {1 e 2ttty 0}} 5 (xEvolucion de Sys)
g_p+2e(‘E‘P)tp

E) 0}) {0)

g+p g+p

Print[ Subscript["A", 0], " (t)=", MatrixForm[A2pgdl]]
Print[ Subscript["A", 1], " (t)=", MatrixForm[A2pgd2]]

Print[ Subscript["A", 2], " (t)=", MatrixForm[A2pgd3]]
Print[ Subscript["A", 3], " (t)=", MatrixForm[A2pgd4]]

g-p _ze(‘g—P)tg

A2pgd4 = {{ }} 5 (*Evolucion de Szx)

10
ho(t)=( 7 |
N 0 e—zdt—%—?ﬂitwl—ith
1(t)= 2dt-8N P G tweitw
e 2 2 * 2 0
gt pt . .
A (1) - 0 L e 2t rituit, ]
2 = gt pt . .
je—zdt—T—T—ntwlﬂlth )
g-p+2 el-gpPt p )
As (t) = &P
3 ()= P g2el8Ptgp
g+p
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4.5.2.- S=0.5 con pérdidas, ganancias y defasaje - Heisenberg.nb | 3

Aevector = {S@, Sx, Sy, Sz}; (xA_i(0)x)
Apgdtvector = {A2pgdl, A2pgd2, A2pgd3, A2pgd4d};

(*A_i(t) bajo el operador de pérdidas ganancias y defasajex)
Do[Do[Print["<", Subscript["A", n], "(©)", Subscript["A", m], "(t)", "> = ",
Tr[Ro2.Apgdtvector[[n +1]].A@vector[[m+1]]1]1, {n, O, 3}1, {m, O, 3}]

(» los indices del vector en mathematica van del 1 al 4,
de ahi el n+l y el m+1 x)

(*Valores de las autocorrelaciones C_{nm}x)

e—bwl e—bwz

<A9(9)Ag(t)> = +
Z Z
<A1 (0)Ag (t)> = ©
<A; (0)Ag (t)> = ©
e*bwz (g,ze(*g’p)tg,p> e’bwl (g,p+ze<’g*p)tp)
<A3 (@) Ag (t) > = +
(g+p)Z (g+p)Z
<A9(0)A1 (t)> =0
e—Zdt—%—?—bWﬁitwl—ith e—zdt—i—t—?—itwl—bwzthz
<A1(9)A1(t)> = +
Z z
i e-zdt-?-?-bwrfitw]-ith i e—zdt—gz—t—?—itwl—bwzﬂlth
<Ay (0)A (t)> = - +
Z Z
<A3(0)A1 (t)> =0
<A9(0)A2(t)> =0
i efzdb%f%fbwlthrith i e—Zdb%—?—jtwl—bwzmth
<A1(6)A2(t)> = -
Z Z
e-zat-gl—“-"z—“-bwlmtwl-ith e-zdt-gz—“-"z—“-itwl-bwzﬂitw2
<A (0)A (t)> = +
Z Z

<A3 (e)Az (t) > =0

-bw; e—bwz

(S
<Ag (@) A3 (t)> = -
zZ zZ
<A1(9)A3(t)> =0
<A2(9)A3(t)> =0
e bw (g_zfe(fgfp)tg_p) e bw (g_p+2e<fgfp>tp)
<A3(9)A3(t)> = - +

(g+p)Z (g+p)Z

(xCorrelacién normalizada Al+a.A3 para wl=3, w2=1, b=1, p=0.2,

g=0.2, d=0.2, con la proporcion "a" tal que C2pg(t)=0 en algiun puntox)

Printed by Wolfram Mathematica Student Edition



4 | 4.5.2.- 5=0.5 con pérdidas, ganancias y defasaje - Heisenberg.nb

)= C2pgt[t_]1 =

2.0.2Pi @.2Pi 0.2Pi 2:0.2Pi ©0.2Pi 0.2Pi 1 Pi
[(1) + [(e_ 2 22 2z tie 2 22 22 3)/ [ﬁ (e_l (Q.Z—ZG(_Q'Z_G'z)TO.Z_

0.2+0.2

Pi
0.2) +e3 (e.z-e.z+2e“°'2‘°‘2’ ?0.2))]]

e’ (0.2-2 40.2-0.2) e3(0.2-0.2+2 ~0.2) )\
[ (0.2+0.2) (e'3+e'1) (9.2.,.9.2) (e'3+e‘1) ]]

—2.0.2t-225 22 3¢ 945t —2.0.2t-225 22 3.3t 5t
@ 2 2 @ 2 2
+ +
e3+el e3+el

_2 0.2Pi ©.2Pi 0.2Pi 1 _2 ©.2Pi ©.2Pi 0.2Pi 3 1
(e 2 2.2 2.2 + @ 2 2.2 2.2 )/ _—
(e.z + e.z)

Pi

Pi
(e‘l (0.2-2e“°'2‘°'2) Te.z-e.z) +e3 (9.2-0.2+2e“°'2‘°'2’ ?0.2))]]

e! (0.2—2e<'°'2'°'2)t0.2—0.2) e (0.2—0.2+2e('°'2‘°'2)t0.2)
+
[ (0.2+0.2) (e +e?) (0.2+0.2) (e*+e?) ]

(xCorrelacién Al+a.A3 para wl=3, w2=1, b=1, p=0, g=0, d=0,
con la proporcidén "a" igual al valor que tiene en C2pgd[t_],
cuando p=0.2 g=0.2 y d=0.2x)

C2pgtEstable[t_] =

2.0.2Pi @.2Pi @.2Pi 2:0.2Pi ©0.2Pi 0.2Pi 1 Pi
[(1) + [(e_ 2 22 2z tie 2 22 22 3)/ [ﬁ (e‘l (Q.Z—ZG(_Q'Z_G'z)TQ.Z_

0.2+0.2

—0.2- Pi e3-et! 1
0.2) +e3 (e.z-e.2+2e‘ 0.2-6.2) 3 0.2)) _
(e‘3+e‘1)

e—3it—1+it e-3+3it-it _20.2Pi @.2Pi_ 0.2Pi 1 _20.2Pi 0.2Pi_ 0.2Pi 3
+ + (e 2 2.2 2.2 + @ 2 2.2 2.2 )/
ed+el ed+el

1 Pi
[ﬁ (e'l (e.z-Ze“"'z‘“’ ?a.z-a.z) +

0.2+0.2

_ _ Pi e—3_e—1
e3 (e.z-e.z+2e‘ 0.2-6.2) 3 e.z))J] —]

(*En amarillo, grafica con los valores ajustados para que C2p(t)=
@ en algun punto. En azul la é6rbita que conseguiriamos si,
manteniendo el resto de valores inalterados, hiciesemos p=g=d=0x)
ParametricPlot |
{{Re[C2pgtEstable[t]], Im[C2pgtEstable[t]]}, {Re[C2pgt[t]], Im[C2pgt[t]]}},
{t, @, 30Pi}, AxesLabel » {Style["Re C(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - StandardForm]

~1-(8.6+2. 1) t
outf-]= @.5779 +

1,
e3

e-3-(0.6-2. 1)t

0 |=

1,
(E3

B =

0.959045 (2.20199 (0. - 0.4 °**) +0.298007 (0. + 0.4 °*"))
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4.5.2.- S=0.5 con pérdidas, ganancias y defasaje - Heisenberg.nb | 5

ouf-]- ©.5779 |0.730403 + 1

Im C(t)

Outf« =
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4.5.2.- Manipulable de S=1/2 con 6
parametros (pérdidas, ganancias,
defasaje, temperatura y energias
variables)

Pi
“(advawr) wi-w2

no= apgdé[p_,g ,d , b ,wl , w2 ] :=(g+p)e 2

; -1
(e2¥ + e*2) (_e—bwz (g —p-2ge 9 im ) + e bwl (g —p+2pe 9P )) ;

(*proporcion alfa con los 6 parametrosx)

i“*%)—‘-i twl- bw2+i t w2 ei“"*%)—t-b wl+d t wi-i tw2 ]
+

e
cngds[t_’ Pos0os d_, b_) WI_, wz_] . [ (e—bwl + e-bw2) ¥ (e—bwl + e-bwz)

e—bwz (g_p_ze—(p+g)tg) e—bwl (g_p+2e—(p+g)tp) ]
+ .

apgdé d, b, wi, w2 -
( pgdé[p, g, d, b, wi, ]) ( (p+9) (e'b”1+e'bwz) (v +9) (e-bw1+e—bw2)

(xCorrelacién Al+apgd6.A3 para 6 variables + el tiempox)
C2pgd6Estable[t ,p ,g ,d , b ,wl , w2 ] :=

e—:n.th-bwlu.twl e—:n.twl—bw2+ntw2

(e—bwl +e—bw2) * (e—bwl +e—bw2)

J + (apgdG[p, g, d, b, wi, WZ]);

Manipulate [ParametricPlot |
{{Re[CZpgdGEstable[t, p, g€, d, b, wl, w2] ] Im[CZpgdGEstable[t, p, g€, d, b, wl, w2]
3

C2pgd6Estable [0, p, g, d, b, wl, w2] C2pgd6Estable [0, p, g, d, b, wl, wW2] b
{Re[CZpgds[t, p, g, d, b, wl, w2] , Im[CZpgdG[t, p, g, d, b, wl, w2] ]}}, (t, 0, 5pi},
C2pgd6[0, p, g, d, b, wl, w2] C2pgd6[0, p, g, d, b, wl, w2]
AxesLabel - {Style["Re c(t)", Bold, 16], Style["Im C(t)", Bold, 16]},
FormatType - StandardForm] > {p, 0, 2}, {g, 0.0000001, 3},
{d, @, 0.5}, {b, 0.5, 1.5} , {wl, 1, 5}, {w2, @, wl}]
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2 | 4.5.2.- Manipulable 6 parémetros.nb

» —0
s

d

=D [+]

— D [+]

c)

o =] [+]

N
D FIREIE]

wi

M
J

w2 ZG
n1a192 =I’

Im C(t)

Out[12]=
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