Two Level System and Rabi Flopping
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Q
sol =DSolve[{cl'[t] = -i* — +Exp[-i*¢] »Exp[i*&+t] «c2[t],
2

c2'[t] == —i*g*Exp[J'l.*d)]*Exp[—j.*é*t]*cl[t],
2
cl[0] =1, c2[0] =0}, {cl[t], c2[t]}, t][[L11];
6=0

Plot[{Abs[cl[t]]?, Abs[c2[t]]?} /. sol /. {@>1, 60, ¢ >0} // Evaluate,
{t, 0, 4» 7}, PlotStyle » {Red, Blue}|

1.0 r
0.8 :
0.6 :
0]

0.2

6=Q

Plot[{Abs[cl[t]]?, Abs[c2[t]]?} /. sol /. {@>1, 61, ¢ >0} // Evaluate,
{t, 0, 4»x}, PlotStyle » {Red, Blue}|
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nz0- Plot[{Abs[cl[t]]?, Abs[c2[t]]?} /. sol /. {@>1, 62, ¢ » 0} // Evaluate,
{t, 0, 4*x}, PlotStyle » {Red, Blue}]
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AC Stark Shifts

nea= H=hx{{0, E*Exp[—j.*cb]}, {S*Exp[i*cb], -5}}
2 2
1. 1.
Out[24]= {{O, ;e‘ld’Qh}, {;eld’Qﬁ, —61”1}}

n2s51= H // MatrixForm

Out[25]//MatrixForm=

0 >elidoQn
>ei?Qhn -6h
nizs)= FullSimplify[Eigensystem[H] /. {«/ e?i? (6240 - et*?x \/ 82 +0% }]
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Out[35]= {{——(6+\/62+§22)f1, —(—6+\/62+Q2)h},
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Bragg Diffraction Simulations

. . . 1 . . .
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Two-Photon Bragg

very efficient 7t pulse for low Rabi frequency
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0.3
Q= —;

4
PosMomentumStates = 15;
NegMomentumStates = 5;
T = 100,

coefs = Table[gn[t], {n, - (NegMomentumStates + 1), PosMomentumStates + 1}];
Q Q

dqg = Table[gn‘ [t] == -1 % — * (Exp[i*l*t]) *Qgns1[T] -L* — * (Exp[—i*l*t]) *gn-1[T] -
2 2

i* (n®) xga[t], {n, -NegMomentumStates, PosMomentumStates}];
initial = Join[{g- (NegMomentumstates+1) ' [T] == 0, G- (NegMomentumstates+1) [0] == 0,
g (PosMomentumstates+1) ' [T] == 0, g (PosMomentumstates+1) [0] == 0},
Table[gn[0] == If[n==0, 1, 0], {n, —-NegMomentumStates, PosMomentumStates}]];
eqgs = Join[dq, initial];
dgsol = NDSolve[egs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;

plotl = Plot[((coefs /. dgsol[[1]]) // Abs)2 // Evaluate,

7
{1:, o, —}, PlotRange » {0, 1.025}, Frame -» True,
Q

17%n
PlotStyle - Table[{Hue| ]/ Thickness[0.004]}, {n, 1, Length[coefs]}]]

Length[coefs]
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In[136]:=

out[136]=

In[137]:=

.2
Abs[(coefs /. dgsol[[1] ]) [ [NegMomentumStates +1+2]] /. T > —]

Q
0.999313

other levels start to get populated as Rabi frequency increases

1
Q= —;

4
PosMomentumStates = 15;
NegMomentumStates = 5;

T =100;
coefs = Table[gn [T], {n, - (NegMomentumStates + 1) , PosMomentumStates + 1}] ;

Q Q
dq:Table[gn‘ [t] == -4 % — * (Exp[i*l*t]) *Qgns1[T] -L* — * (Exp[—i*l*t]) *gn-1[T] -
2 2

1% (n2) *gn[t], {n, -NegMomentumStates, PosMomentumStates}] ;
initial = Join[ {g- (NegMomentumstates+1) ' [T] == 0, g_ (NegMomentumstates+1) [0] == 0,
g (PosMomentumstates+1) ' [T] == 0, g (PosMomentumstates+1) [0] == 0},
Table[gn[0] == If[n==0, 1, 0], {n, -NegMomentumStates, PosMomentumStates}]];
egs = Join[dq, initial];

dgsol = NDSolve[egs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;
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plotl = Plot[ ( (coefs /.dgsol[[1] ]) // Abs)2 // Evaluate,

s
{z, 0, =}, PlotRange » {0, 1.025}, Frame - True,
Q

17 *n
PlotStyle -» Table [ {Hue[ ] , Thickness[0.004] } , {n, 1, Length[coefs] }] ]
Length[coefs]
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Abs| (coefs /. dgsol[[1]]) [ [NegMomentumStates +1+2]] /. T - z]2
Q

0.992327
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In[148]:=

In[157]:=

out[157]=

Q=

’
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PosMomentumStates = 15;

NegMomentumStates = 5;

T =100;

coefs = Table[gn [cl, {n, - (NegMomentumStates + 1) , PosMomentumStates + 1}] ;

Q Q
dq = Table[gn'[t] = -i* — * (Exp[f* 1% T]) *xgnu1[T] - % — % (Exp[-i*1%t]) *gn1[T] -
2 2

i* (n?) xgn[t], {n, -NegMomentumStates, PosMomentumStates} ]| ;
initial = Join[ {g- (NegMomentumstates+1) ' [T] == 0, g_ (NegMomentumstates+1) [0] == O,
g (PosMomentumStates+1) ' [T] == 0, g (PosMomentumstates+1) [0] == 0},
Table[gn[0] == If[n==0, 1, 0], {n, —-NegMomentumStates, PosMomentumStates}]];
egs = Join[dq, initial];
dgsol = NDSolve[egs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;

plotl = Plot[ ((coefs /. dgsol[[1]]) // Abs.)2 // Evaluate,
T
{t, 0, —}, PlotRange -» {0, 1.025}, Frame - True,
Q

17 *n
PlotStyle -» Table [ {Hue[ ] , Thickness[0.004] } , {n, 1, Length[coefs] }] ]

Length[coefs]
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.2
in(1s8:= Abs [ (coefs /. dgsol[[1]] ) [ [NegMomentumStates +1+2]] /. T > —]
Q

out158)= 0.907597

In[159]:=

8
Q=—;

4
PosMomentumStates = 15;
NegMomentumStates = 5;
T = 100,

coefs = Table|[gn[t], {n, - (NegMomentumStates + 1), PosMomentumStates + 1}];
Q Q

dqg = Table[gn' [t] == -1 % — * (Exp[i*l*t]) *Qgns1[T] -L* — * (Exp[—i*l*t]) *gn-1[T] -
2 2

i* (n®) xga[z], {n, -NegMomentumStates, PosMomentumStates}];
initial = Join[{g- (NegMomentumstates+1) ' [T] == 0, G- (NegMomentumstates+1) [0] == 0,
g (PosMomentumstates+1) ' [T] == 0, g (PosMomentumstates+1) [0] == 0},
Table[gn[0] == If[n==0, 1, 0], {n, —-NegMomentumStates, PosMomentumStates}]];
eqgs = Join[dq, initial];
dgsol = NDSolve[eqgs, coefs, {t, 0, 100}, MaxSteps -» 22000000] ;
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inreel= plotl = Plot[ ( (coefs /.dgsol[[1] ]) // Abs)2 // Evaluate,

s
{t, 0, =}, PlotRange » {0, 1.025}, Frame - True,
Q

17%n

PlotStyle -» Table [ {Hue[ ] , Thickness[0.004] } , {n, 1, Length[coefs] }] ]
Length[coefs]
1.0 ‘ ‘ ‘
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Out[168]=
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T2
niise)= Abs [ (coefs /. dgsol[[1]]) [ [NegMomentumStates +1+2]] /. T > —|

Q
outft69)= 0.41452

It can help to use Gaussian shaped pulses instead of square pulses, though still do not want to make
Rabi frequency too high
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_ (z-50)%
= — %@ 1.22
4
PosMomentumStates = 15;
NegMomentumStates = 5;
T =100;

coefs = Table[gn [t], {n, - (NegMomentumStates + 1) , PosMomentumStates + 1}] ;

Q Q
dq = Table[gn'[t] = -i% — * (Exp[i*1T]) *gna[t] i+ —» (Exp[-d*1xtT]) *gna[T] -
2 2

i+ (n?) xga[c], {n, -NegMomentumStates, PosMomentumStates}];

initial = Join|[ {g— (NegMomentumStates+1) "[t] == 0, g- (NegMomentumStates+1) [0] =0,

g (PosMomentumStates+1) ' [T] == o, g (PosMomentumStates+1) [0] =0},
Table[gn[0] == If[n==0, 1, 0], {n, —-NegMomentumStates, PosMomentumStates}]];

eqgs = Join[dq, initial];
dgsol = NDSolve[egs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;

in319= plotl = Plot[ ( (coefs /.dgsol[[1] ]) // Abs)2 // Evaluate,
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out[319]=

0.4
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0.0

{t, 0, 100}, PlotRange » {0, 1.025}, Frame - True,

17 *n
PlotStyle -» Table [ {Hue[ ] , Thickness[0.004] } , {n, 1, Length[coefs] }] ]

Length[coefs]

, = ,
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niz20i- Abs|[ (coefs /. dgsol[[1]]) [ [NegMomentumStates +1+2]] /. T - 100]2

out3z0)= 0.

781413
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In[400]:=

_ (z-50)%
= — %@ 1.82
4
PosMomentumStates = 15;
NegMomentumStates = 5;
T =100;

coefs = Table[gn [t], {n, - (NegMomentumStates + 1) , PosMomentumStates + 1}] ;
Q Q

dq = Table[gn'[t] = -i% — * (Exp[i*1T]) *gna[t] i+ —» (Exp[-d*1xtT]) *gna[T] -
2 2

i+ (n?) xga[c], {n, -NegMomentumStates, PosMomentumStates}];
initial = Join[ {g- (NegMomentumstates+1) ' [T] == 0, G- (NegMomentumstates+1) [0] == 0,
g (PosMomentumstates+1) ' [T] == 0, g(PosMomentumstates+1) [0] == 0},
Table[gn[0] == If[n==0, 1, 0], {n, —-NegMomentumStates, PosMomentumStates}]];
eqgs = Join[dq, initial];
dgsol = NDSolve[egs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;

ino91= plotl = Plot[ ( (coefs /.dgsol[[1] ]) // Abs)2 // Evaluate,
{t, 0, 100}, PlotRange » {0, 1.025}, Frame - True,

17 *n
PlotStyle -» Table [ {Hue[ ] , Thickness[0.004] } , {n, 1, Length[coefs] }] ]
Length[coefs]

1.0 ‘ ‘ ‘ ‘

08

06

Out[409]=
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ni#10;- Abs|[ (coefs /. dgsol[[1]]) [ [NegMomentumStates +1+2]] /. T - 100]2
outia10)= 0.982926
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Six-Photon Bragg

In[411]:=

In[420]:=

Out[420]=
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4
PosMomentumStates = 15;
NegMomentumStates = 5;
T= 100,
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coefs = Table[gn[t], {n, - (NegMomentumStates + 1), PosMomentumStates + 1}];

Q Q
dq:Table[gn‘ [t] == -1 % — * (Exp[i.*3*'c]) *Qgns1[T] -L* — * (Exp[—i*S*t]) *gn-1[T] -
2 2

1 * (nz) *gn[Tt], {n, -NegMomentumStates, PosMomentumStates}];

initial = Join[{g_ (NegMomentumStates+1) '[t] =0, g- (NegMomentumStates+1) [0] =0,

g (PosMomentumStates+1) ' [T] == 0, g (PosMomentumstates+1) [0] = 0},

Table[gn[0] == If[n==0, 1, 0], {n, -NegMomentumStates, PosMomentumStates}]];

egs = Join[dq, initial];

dgsol = NDSolve[eqgs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;

plotl
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{t, 0, 100}, PlotRange -» {0, 1.025}, Frame -» True,

Plot| ((coefs /. dgsol[[1]]) // Abs)2 // Evaluate,

| 11
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nis21)= Abs [ (coefs /. dgsol[[1]]) [ [NegMomentumStates + 3+2]] /. T - 100]2
outa21]= 0.999936

Twelve-Photon Bragg

In[572]:=

33 _ (e-50)%
= — %@ 102
4

PosMomentumStates = 15;

NegMomentumStates = 5;

T =100;

coefs = Table[gn [cl, {n, - (NegMomentumStates + 1) , PosMomentumStates + 1}] ;

Q Q
dq:Table[gn'[t] = L%k — * (Exp[j.*G*t]) *Qgns1[T] -1 % — * (Exp[—i*G*t]) *Qgn-1[T] -
2 2

i* (n?) xgn[t], {n, -NegMomentumStates, PosMomentumStates} ]| ;
initial = Join[ {g- (NegMomentumstates+1) ' [T] = 0, g_ (NegMomentumstates+1) [0] == O,
g (PosMomentumStates+1) ' [T] == 0, g (PosMomentumstates+1) [0] == 0},
Table[gn[0] == If[n==0, 1, 0], {n, —-NegMomentumStates, PosMomentumStates}]];
eqgs = Join[dq, initial];
dgsol = NDSolve[egs, coefs, {t, 0, 100}, MaxSteps » 22000000] ;
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out[582]=
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plotl = Plot[ ( (coefs /.dgsol[[1] ]) // Abs)2 // Evaluate,

{t, 0, 100}, PlotRange » {0, 1.025}, Frame - True,

17 *n
PlotStyle -» Table [ {Hue[ , Thickness[0.004] } , {n, 1, Length[coefs] }] ]

Length[coefs]
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Abs|[ (coefs /. dgsol[[1]]) [ [NegMomentumStates + 6+2]] /. T - 100]?
0.99954
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