n4o)= N = 45
4= q = 23
In42i= ¥ = 3/2;
n43= S = 13
na4p= €= 13

n45:= S1gmax

{{0, 1}, {1, 0}};
{{0, -1}, {1, 0}};
{{1, 0}, {0, -1}};

nas= 12 = IdentityMatrix[2];

n4e:- Sigmay

n471= sigmaz

na9;= AA = q * KroneckerProduct[sigmaz, sigmax];

nis0= MatrixForm[AA]

QOut[50)//MatrixForm=

62 0 O
20 0 0
060 0 -2
06 0 -2 0

ins1- BB = {{r, -1, 0, 0}, {1, 0, 0, O}, {O, 0, O, 1}, {0, O, -1, F}};

in52:- MatrixForm[BB]

QOut[52]//MatrixForm=

2 0

2

i @ 0 0

O 0 0 i

e 0 -i 2
2

ns3- CC = s x» KroneckerProduct[sigmaz, sigmaz];

54 MatrixForm[CC]

QOut[54]//MatrixForm=

1 0 0 0
6 -1 0 0
6 06 -10
6 6 0 1

nss= DD = t * KroneckerProduct[sigmax, I2];

nisei- MatrixForm[DD]

QOut[56]//MatrixForm=

ol SN oNo}
[ cNoNO)
[oNcNoN
[oNocN SN o}
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ns7- LoclzrHalf = KroneckerProduct[i » sigmax, AA - wx IdentityMatrix[4]] +
KroneckerProduct[i » sigmay, BB - x * IdentityMatrix[4]] +
KroneckerProduct[i » sigmaz, CC - y % IdentityMatrix[4]] +
KroneckerProduct[I2, DD - z % IdentityMatrix[4]];

nis- charpoly = FullSimplify[Det[loclzrHalf]]

Out[58]= 11—6 (16w®-96x"+16x%+y (3348 +y (3294 +y (1764 +y (2121+8y (18+49y+2y>))))) +
2y (882+y (2121+4y (36+147y+8Yy?))) z°+3 (707+8y (6+49y+4y3|) z*+
8 (49+8y%) 2°+162°%+8x° (67T+8y*+82%) +8w® (1+4x (-3+2x)+8y*>+82%) -

24 x5 (69+4y (2+3y) +122%) +9 (-63+742%) -

48 x> (105+58y+69y>+8y>+6y*+ (69+4y (2+3y)) z°+62%) +

2x* (2133+2322y+3129y*+432y>+660y*+32y°+3 (947 +8y (18+55y+4y?)) 2>+
12 (55+8y?%) z*+322°%) +24 x (-y (276 +y (246 +y (116+y (69+4y (2+Yy)])]))) -
2y (58+y (69+8y+6y?)) z°- (69+4y (2+3y)) z*-42°-3 (27+702%)) +

3x* (1187 +4882°+8 (30y+4y*+42z%+y® (61+82%))) +

3w* (-93+48y+1362>+8 (-12x3+4x*+ 4yt 42ty

y*> (17+82%) +x* (23+8y*+82%) -x (21+8y+12y*+122%))) +

2w (477-144 x> +32x5+y (18+y (-231+4y (36+99y+8y>))) -2312%+
24y (6+33y+4y?) z2+12 (33+8y?) z*+322°%+
12x* (45+8y?+82%) -24 x> (45+4y (2+3y) +122%) -
24x (-15+10y+45y*+8y>+6y*+ (45+4y (2+3y)) 22 +62%) +
3x*(163+3122°+8 (18y+4y*+4z*+y* (39+82%)))))

ns9:- Factor [charpoly]
1
outj59]= ——
16
(-567 + 954 w? - 279 w* + 8 w® + 16 w® - 1944 x + 720 w” X - 504 w* X - 96 W® X + 4266 X + 978 w* x* +
552 w* x2 + 64 w® x2 - 5040 x> - 2160 w? x> - 288 w* x3 + 3561 x* + 1080 w? x* + 96 w* x* -
1656 x° - 288 w? x5 + 536 x°+64w? x® -96 x7 + 16 x®8 + 3348y + 36wy + 144wty - 6624 xy -
480w? xy-192w* xy +4644 x>y +864w? x2y -2784x3y-384w? x3y+720x%y -
192 x5y + 3294 y2 - 462 w? y2 + 408 w* y? + 64 w® y? - 5904 x y? - 2160 w? x y? - 288 w* x y? +
6258 x2 y2 + 1872 w? x2 y? + 192 w* x? y2 - 3312 x3 y2 - 576 w? x° y? + 1464 x* y2 + 192 w? x* y? -
288 x°y? + 64 x®y2 + 1764 y3 +288w? y3 - 2784 x y3 - 384 w? x y3 + 864 x2y3-384x3y3+
2121 y* + 792 w? y* + 96 w* y* - 1656 x y* - 288 w? x y* + 1320 x? y* + 192 w? x2 y* - 288 x3 y* +
96 x* y* +144y® - 192 xy® +392y® + 64 w? y® - 96 x y® + 64 x? y® + 16 y® + 666 z2 - 462 w? z2 +
408 w* z2 + 64 W® 22 - 5040 x z% - 2160 w? x z2 - 288 w* x z? + 5682 x? z% + 1872 w? x% z% +
192 w* x2 22 -3312 x3 22 - 576 w? x3 22 + 1464 x* z2 + 192 w? x* z2 - 288 x> z2 + 64 x® 22 +
1764y z2 +288w?y z2 - 2784 xy z2 -384w? x y z2 + 864 x2 y z2 - 384 x3 y 22 + 4242 y? 7? +
1584 w? y? z2 + 192 w* y? z2 - 3312 x y2 z2 - 576 w? x y? 22 + 2640 x? y? z2 + 384 w? x? y? z? -
576 x3y2 22 + 192 x* y?2 22+ 288 y3 22 -384 x y3 z2 + 1176 y* z2 + 192 w? y* z2 - 288 x y* z? +
192 x2y* 22 + 64 y® 22 + 2121 z* + 792 w? z* + 96 w* z* - 1656 x z* - 288 w? x z* + 1320 x? z* +
192w? x2z4-288x3 2%+ 96 x* z* + 144y z* - 192 x y z* + 1176 y2 z* + 192 w? y2 z% -
288 x y? 2% +192 x* y? z* + 96 y* 2% + 392 2° + 64 w? 2° - 96 x 2° + 64 x* 2° + 64 y* 2° + 16 Z°)
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neo)- LocalizerHalfAtZero = ReplaceAll[loclzrHalf, z - 0];

Inei:= gma =
KroneckerProduct[IdentityMatrix[2], KroneckerProduct[sigmaz, IdentityMatrix[2]]];

2= MatrixForm[gma];
s madeHermitian = ExpandAll[i * localizerHalfAtZero.gma];

ine4:- MatrixForm[madeHermitian]

Out[64]//MatrixForm=

~l+y 0 -1 0 32—ﬂ+w-]1x -1 0
0 l+y 0 -1 -3 w- 1 X 0
1 0 -1l-y 0 0 0 -W+ 1 X -1
i 0 1-vy 0 0 -3 732—ﬁ7w+11x
“3 iweix -3 0 0 1-vy 0 -1 0
-1 w+ 1 X 0 0 -1-y 0 -1
0 (0] -w-1X -3 1 0 l+y 0
0 0 -1 %—w—jx 0 i 0 14y

nesi- kTheory = FullSimplify[Det[madeHermitian]]

1
out[65]= wé + wé ——6x+4x2+4y2 +
2

iw2 (x (-3+2x) (-120+x (-3+2x) (81+4x (-3+2x])]))-48 (-1+X) X (-5+4x)y+
8

3(-77+8x (-3+2x) (15+x (-3+2x)))y*+48 (3-4x)y>+
12 (33+4x (-3+2x)) y*+32y°+9 (53+2y)) +

iW4 (-93+48y+8 (x (-3+2x) (T+x (-3+2x))-8xy+ (17+4x (-3+2x))y>+4y*))+
16

i(-3-12x3+4x4-12x (L+y)?+x? (17+8y?) +y (18+17y+4y?))
16

(189-12x+4x*+x* (81+8y?) +y (18+81ly+4y?) -12x (9+y (2+Y)))

wee- (1/2) # Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w- 0, x>0,y ->0}]11]]

outeel= — 1

In[67]:= (1/2) *

Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {(w-»> 0.1, x>0, y->0}]1]1]11]

oute7= — 1

In[68]:= (1/2) * Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w> 0, x >2, y > 0}1]11]

outjesl= O

weo- (1/2) # Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w-2, x>0,y ->2}]11]]

oute9l= O

n7op- step = 1/5;
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n711= plots = ParallelTable[ContourPlot3D[charpoly == 0,
{w, -2, 2}, {x, -2, 2}, {y, -2, 2}, Contours » {{1, LightBlue}},
PlotPoints -» 100, ViewPoint » {7, -18, 2}], {z, 0, 3 xstep , step}]

p-1012

Z_M

1

out[71]= { ok

[

-2

et }
s

—

In[72]:=

n7s= Export["AIII_class_sphere_deform_r_3_halves_z_1.eps",
plots[[1]], ImageSize » 3.2 %72];

n74= Export["AIII_class_sphere_deform_r_3 halves_z 2.eps",
plots[[2]], ImageSize -» 3.2 %72];

ni7si- Export["AIII_class_sphere_deform_r_3_halves_z_3.eps",
plots[[3]], ImageSize » 3.2 %72];

ni7el- Export["AIII_class_sphere_deform_r_3_halves_z_4.eps",
plots[[4]], ImageSize » 3.2 %72];



