
In[1]:= f@Γ_D = HH1 + ΓL � 8L HPi � 2 - ArcSin@1 � HSqrt@1 + ΓDLDL - Sqrt@ΓD � 8;

F@Γ_, k_, a_D = HHf@ΓD - Γ * D@f@ΓD, ΓDL � HH1 + ΓL * D@f@ΓD, ΓD - f@ΓDLL
HH1 + H2^7 k^2 * HD@f@ΓD, ΓDL^2L � Ha^2LL � H2^7 k^2 * HD@f@ΓD, ΓDL^2LL;

ΓT@Ω_, k_, a_D = -1 + 1 � HCos@Ω � HSqrt@2D * k^2 * Sqrt@1 - Ω^2 � Hk^2 * a^2LDLDL^2;
ΩT@Γ_, k_, a_D = HSqrt@2D * k^2 * HHPi � 2L - ArcSin@1 � Sqrt@1 + ΓDDLL �

Sqrt@1 + H2 * k^2 * HHPi � 2L - ArcSin@1 � Sqrt@1 + ΓDDL^2L � a^2D;
FΩ@Γ_, k_, a_D = D@F@Γ, k, aD, ΓD � D@ΩT@Γ, k, aD, ΓD;
FΩΩ@Γ_, k_, a_D = D@F@Γ, k, aD, Γ, ΓD � HD@ΩT@Γ, k, aD, ΓDL^2 -

D@F@Γ, k, aD, ΓD * D@ΩT@Γ, k, aD, Γ, ΓD � HD@ΩT@Γ, k, aD, ΓDL^3;
Fk@Γ_, k_, a_D = D@F@Γ, k, aD, kD - D@F@Γ, k, aD, ΓD * D@ΩT@Γ, k, aD, kD � D@ΩT@Γ, k, aD, ΓD;
Fkk@Γ_, k_, a_D =

D@F@Γ, k, aD, k, kD - 2 * D@F@Γ, k, aD, Γ, kD * D@ΩT@Γ, k, aD, kD � D@ΩT@Γ, k, aD, ΓD +

D@F@Γ, k, aD, Γ, ΓD * HD@ΩT@Γ, k, aD, kD � D@ΩT@Γ, k, aD, ΓDL^2 -

D@F@Γ, k, aD, ΓD * HD@ΩT@Γ, k, aD, k, kD * D@ΩT@Γ, k, aD, ΓD +

D@ΩT@Γ, k, aD, Γ, ΓD * HD@ΩT@Γ, k, aD, kD^2L � D@ΩT@Γ, k, aD, ΓD -

2 * D@ΩT@Γ, k, aD, kD * D@ΩT@Γ, k, aD, Γ, kDL � HD@ΩT@Γ, k, aD, ΓDL^2;
FΩk@Γ_, k_, a_D = D@F@Γ, k, aD, Γ, kD � D@ΩT@Γ, k, aD, ΓD -

D@F@Γ, k, aD, Γ, ΓD � HD@ΩT@Γ, k, aD, ΓDL^2 * D@ΩT@Γ, k, aD, kD -

D@F@Γ, k, aD, ΓD * HD@ΩT@Γ, k, aD, Γ, kD * D@ΩT@Γ, k, aD, ΓD -

D@ΩT@Γ, k, aD, Γ, ΓD * D@ΩT@Γ, k, aD, kDL � HD@ΩT@Γ, k, aD, ΓDL^3;
P4@Γ_, k_, a_, Λ_D = HF@Γ, k, aD * FΩΩ@Γ, k, aD - 2 * HFΩ@Γ, k, aDL^2L * Λ^4 +

2 HF@Γ, k, aD * FΩk@Γ, k, aD - 2 * FΩ@Γ, k, aD * Fk@Γ, k, aDL * Λ^3 +

HFΩΩ@Γ, k, aD + F@Γ, k, aD * Fkk@Γ, k, aD - 2 * HFk@Γ, k, aDL^2L * Λ^2 +

2 * FΩk@Γ, k, aD * Λ + Fkk@Γ, k, aD;

In[11]:= G@Λ_D = Λ;

a = 0.1;

For@k = 0, k < 1,

For@Γ = 0, Γ < 10,

8sol = NSolve@P4@Γ, k, a, ΛD � 0, ΛD,
W = G@ΛD �. sol@@1DD;
X = G@ΛD �. sol@@2DD;
Y = G@ΛD �. sol@@3DD;
Z = G@ΛD �. sol@@4DD;
If@Im@WD � 0 && Im@XD � 0 && Im@YD � 0 && Im@ZD � 0,

8Print@kD, Print@ΓD; Print@ListPlot@8k, Γ<DD<D<, Γ = Γ + 1D, k = k + 0.01D
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