Expansion of 4 —
vector in accelerator coordinates

A1 and A3

n=4;

Al = Normal [Series[Integrate[e *Bs[exx, e*xy, ext], y], {¢, 0, n}]]1/2

1
yeBs[0, 0, 0] +2 [tyBs®%D (0,0, 0] + —y?*Bs®¥ %[0, 0, 0] +xyBsT%® [0, 0, 0] +
2

N | -

1
— e’ (3t?yBs®%? 10,0, 0] +3ty*Bs > [0, 0, 0] +y’Bs®*% [0, 0, 0] +
6

1
6txyBs' ™Y 0,0, 0] +3xy*Bs*""¥ [0, 0, 0] +3x*yBs**%[0,0,0])+ — ¢
24

(4t>yBs'®%¥ 10,0, 0] +6t*y*Bs>? [0, 0, 0] +4ty’Bs®*Y [0, 0, 0] +y*Bs*®*%[0, 0, 0]+
12t2xyBs %2 [0, 0, 0] +12txy?*Bs* V[0, 0, 0] +4xy*Bs*2%9 [0, 0, 0] +

12tx?yBs®%Y [0, 0, 0] +6x*y?*Bs®10 [0, 0, 0] +4x>yBs%%]0, 0, 0})]

A3 = -Normal [Series[Integrate[e *Bs[exx, exy, €e*t], x], {¢, O, n}]]/2

% -xeBs[0, 0, 0] -€? |[txBs®%V [0, 0, 0] +xyBs®10 70, 0, 0] +§x2 Bs (%010, 0, O]) -
1
g€3 (3t*xBs®%? 10,0, 0] +6txyBs!®* [0, 0, 0] +3xy*Bs®?*% [0, 0, 0]+
3tx*Bs™%Y 0,0, 0] +3xyBs****Y [0, 0, 0] +x*Bs**% [0, 0, 0]) -
i e* (4t>xBs ™% 0, 0, 0] +12t*xyBs®>*? [0, 0, 0] +12txy*Bs®?** [0, 0, 0] +
4xy*Bs®3%70,0,0] +6t2x?Bs*%?2 [0, 0, 0] +12tx*>yBs ¥V [0, 0, 0] +
6x*y’Bs "> 0,0, 0] +4tx*Bs®%Y [0, 0, 0] +4x’yBs*>Y [0, 0, 0] +x*Bs>*% [0, 0, 0])
1
—;xeBs[O, 0, 0]

Normal[Series[e*Bs[e*x, e*xy, e*xt], {¢, 0, n-1}]]

€Bs[0, 0, 0] +¢* (£Bs' %% [0, 0, 0] +yBs'®*® [0, 0, 0] +xBs**% [0, 0, 0]) +
1
—e® (£*Bs>®% [0, 0, 0] +2tyBs'®V [0, 0, 0] +y*Bs®*% [0, 0, 0] +
2

2txBs™%Y 10,0, 0] +2xyBs**% [0, 0, 0] +x*Bs*>*% [0, 0, 0])
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-D[A3, x]

1
— |eBs[0, 0, 0] +¢* (tBs'®*" [0, 0, 0] +yBs'®*® [0, 0, 0] +xBs**% [0, 0, 0]) +
2

1
—¢e* (3¢*Bs™*? [0, 0,0]+6tyBs'® V[0, 0, 0] +3y*Bs®*% [0, 0, 0]+
6
1
6txBs™%Y 0,0, 0] +6xyBs* ™[0, 0,0]+3x*Bs*>%%[0,0,0])+ &
24

(4t*Bs®%¥ (0, 0, 0] +12¢tyBs>*? [0, 0, 0] +12ty*Bs'®* [0, 0, 0] +4y*Bs %[0, 0, 0] +
12t2xBst%2 [0, 0, 0] +24txyBs V[0, 0, 0] +12xy*Bs¥2% [0, 0, 0] +

12tx*Bs*%Y [0, 0, 0] +12x*yBs* %[0, 0, 0] +4x>Bs%% [0, 0, 0])

D[Al, y] -D[A3, x] - Normal[Series[e*Bs[e*x, exy, €e*xt], {e¢, 0, n}]]

1
-—¢&* (¢?Bs®*? (0,0, 0] +2tyBs >V [0, 0, 0] +y*Bs'®?*% [0, 0, 0] +
2

2txBs™*™%Y 10,0, 0] +2xyBs™% [0, 0, 0] +x*Bs*>*% [0, 0, 0]) +

1
—¢e*(3t?Bs>™% [0, 0,0] +6tyBs >V [0, 0, 0] +3y*Bs®*% [0, 0, 0]+
6

6txBs'™%Y [0, 0, 0] +6xyBs™™® [0, 0, 0] +3x*Bs*>%% [0, 0,0])-
1

A e* (£2Bs®%% 10, 0,01 +3t*yBs®*?¥ [0, 0, 0] +3ty*Bs®?V [0, 0, 0] +y*Bs®*>%[0, 0, 0]+
3t2xBs%2 (0,0, 0] +6txyBs V0,0, 0] +3xy’Bs29 [0, 0, 0]+

1
3tx*Bs®%Y [0, 0, 0] +3x*yBs* %[0, 0, 0] +x*Bs*[0,0,0])+ — ¢!

24

(4t*Bs®%¥ 10, 0, 0] +12tyBs>*? [0, 0, 0] +12ty*Bs®* P [0, 0, 0] +4y*Bs % [0, 0, 0] +
12t2xBst%2 [0, 0, 0] +24txyBs V[0, 0, 0] +12xy?*Bs¥2% [0, 0, 0] +
12tx*Bs*%Y [0, 0, 0] +12x*yBs* ™% [0, 0, 0] +4x>Bs*% [0, 0, 0])

Coefficient[Al, €]
1

—yBs[0, 0, O]

2

Coefficient[A3, €]

1
-—xBs[0, 0, 0]
2
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A2

m=4;
A21 = Normal [
Series[Integrate[e* ((1+K*e*x) *xBy[e*xx, 0, ext] +k+exx*Bs[exx, 0, ext]), x], {g, 0, m}]]

1
xeBy[0, 0, 0] + — ¢ (x¥*xBs[0, 0, 0] +Kx*By[0, 0, 0] +2txBy®®" [0, 0, 0] +x*BYy™*™*% [0, 0, 0]) +
2

e (3tx*xBs'®%Y [0, 0, 0] +3Ktx*By*%V [0, 0, 0] +3t>xBy**? [0, 0, 0]+

o | -

2x’xBs™%% 10, 0, 0] +2Kx>By "% [0, 0, 0] +3tx*By""* [0, 0, 0] +x’By**% [0, 0, 0]) +

1
—¢e* (6t?x*xBs'®%? [0, 0, 0] +6KRt*x*By**? [0, 0, 0] +4t>xBy®°* [0, 0, 0]+
24

8tx>xBs%V [0, 0,0 +8Ktx*By ™%V [0, 0, 0] +6t2x?By*%? [0, 0, 0]+
3x*xBs®%% [0, 0, 0] +3Kx*BYy* %% [0, 0, 0] +4tx’By** [0, 0, 0] +x*By**%[0, 0, 0])

A22 = -Normal[Series[Integrate[e* (Bx[0, e*y, e*t] ~x*xe*xy*Bs[exx, 0, ext]), y], {€, O, m}]]

1 1
-y eBx[0, 0, 0] - &2 —EyZKBs[O, 0, 0] +tyBx(®%Y 0, 0, 0]+ Ey2 Bx(®1% [0, 0, 0] -

1
— e’ (-3ty*«xBs®%Y (0,0, 0] +3t7yBx®%? [0, 0, 0]+
6

3ty?’Bx®*Y 10,0, 0] +y’Bx®%% [0, 0, 0] -3xy*xBs™*% [0, 0, 0]) -

1
—e* (-6t?y*xBs %% [0, 0, 0] +4t>yBx>%¥ [0, 0, 0] +6t>y*Bx*"?[0,0,0]+4ty’
24

Bx %210, 0, 0] +y*Bx**% [0, 0, 0] -12txy*xBs™*V [0, 0, 0] -6x*y*xBs*>*% [0, 0, 0])
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A23 = Integrate|
Integrate[D[Normal[Series[(l +K*e*X) *By[exx, €*y, €e*xt] +Kk*e*xx*xBs[e*xx, exy, e*+t],

{¢, 0,m-1}]1],v]l, x1,vy]1/2-
-Integrate[Integrate[D[Normal[Series[(l+K*x€e*X) *xBx[e*x, exy, €*xt] -
K*xeExy*Bs[exx, exy, ext], {¢, 0, m-1}1]1, x], x],v]/2

1

1 1
5 ExzngKBsW'l"’) [0, 0, 0] +xyeBy ®¥% [0, 0, 0]+ 5Kx2yg2 By ®%® (0, 0, 0] +

1 1
ftx2y53J<Bs(°’l’l) [0, 0, 0] +txye2 By<°'1’l) [0, 0, O] + fKtxzya:* By(o’l’l) [0, 0, O] +
2 2

1 1 1
—t2xyedBy®t2 0,0, 0]+ —x2y?edkBs®%Y 0,0, 0] + —xy?e?2By®2% [0, 0, 0]+
2 4 2

1 1 1
—Kx*y? 3By ®%9 00,0, 0]+ —txy?edBy %Y 0,0, 0] +—xy> 3By ®3>%[0, 0, 0]+
4 2 6

1 1 1
—x3yedkBstt 0 0,0,0] + —x?ye?2ByTt®90,0,0] + —Rx}yediBy®1® (0,0, 0] +
3 2 3

1 1 1
—tx?yedBy v Yo, 0, 0]+ —x2y?edBy ™29 0,0, 0]+ —x3yeiBy® ¥ 90,0, 0]+
2 4 6

1 2 1 2 2

— |RxyeBx[0, 0, 0] +Ktxye?Bx®%Y (0,0, 0] + —Kt?’xye3Bx(®%2 [0, 0, 0] +

2 2

1 1 1
—Kxy?e?Bx%10 0,0, 0]+ —Rtxy?e®Bx@1 0,0, 0]+ —kxy 3Bx(®2%Y [0, 0, 0] -
2 2 6

1
—xy?e?xBs*%% 10,0, 0] +xyeBx*%® (0, 0, 0] +Kx*’ye?Bx*%% [0, 0, 0] -
2

1
7txy2 €3 xBs (101 [0, 0, 0] +txy£2 Bx (1.0 1) [0, 0, 0] +Ktx2y<€3 Bx(1/0/1) [0, 0, O] +
2

1 1 1
—tZ?xyedBxt%2 0,0, 0] - —xy*e>xkBsT9 0,0, 0] + —xy?e?BxT19 (0,0, 0] +
2 3 2

1 1 1
T kx? yz 23 Bx(1/1,0) [0, 0, 0] + 7txy2 3 px(t/1,1) [0, 0, 0] + *XY3 3 Bx(1:2/0) [0, 0, O] -
2 2 6

1 1 1
— x? y2 €3 x Bs(2:0:0) [0, 0, O] + 7x2y52 Bx(2:0:0) [0, 0, 0] + 7Kx3ys3 Bx (2:0:0) [0, 0, 0] +
4 2 2

1 1 1
5 txzys3 Bx(®%1 10, 0, 0] + sz y2 e3Bx®1% 10,0, 0]+ gx3ys3 Bx (%% 10, 0, 0]

A2 = A21 + A22 + € ¥ A23
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-yeBx[0, 0, 0] +xeBy[0, O, O] -
1 1

e? |-—y?*xBs[0, 0, 0] +tyBx%%Y 0,0, 0]+—y?Bx®¥%[0,0,0]]|-
2 2

253 (-3ty*xBs®%Y 0, 0, 0] +3t>yBx*%? [0, 0, 0]+
3ty?’Bx®*Y 10,0, 0] +y’Bx®%% [0, 0, 0] -3xy*xBs™™*% [0, 0, 0]) +
%gz (x*xBs[0, 0, 0] +Kx*By[0, 0, 0] +2txBy>®"Y [0, 0, 0] +x*By™*® [0, 0, 0]) -
1
22 e* (-6t?y*xBs'®%? [0, 0, 0] +4t>yBx*%¥ [0, 0, 0] +6ty*Bx*"? [0, 0, 0] +4ty’
Bx'%2: 10, 0, 0] +y*Bx%*% [0, 0, 0] -12txy*xBs** Y [0, 0, 0] -6 x>y’ xBs'**% [0, 0, 0]) +
1

—e® (3tx*xBs ™Y [0, 0, 0] +3KRtx*By®%Y [0, 0, 0] +3t>xBy®%? [0, 0, 0]+
6

2x*xkBs™%% [0, 0, 0] +2Kx’BYy ™% [0, 0, 0] +3tx*By™* P[0, 0, 0] +x’By* %% [0, 0, 0]) +

1 (1 1
el—|—x2ye?xkBs ™D 10,0, 0] +xyeBy >t 0,0, 0]+ —Kx?ye?By®¥% [0, 0, 0]+
2 \2 2
1 1
Etx2y£3}<Bs(°’l’l) [0, 0, 0] +txy£2 Bym'l’1> [0, 0, 0] + EKtxzya3 By(o’l’l) [0, 0, O] +
1 1 1
Etzxyg3 By(o'l'z) [0, 0, O] + sz y2 e3xBs®2:%9 10, 0, 0] + Exy2 g? By<°'2'°) [0, 0, O] +
1 1 1
ZKXZ y? ¥ By®29 70, 0, 0] + Etxy2 e3By®21 0, 0, 0] + gxy3 e3By %% (0, 0, 0] +
1 1 1
gx3ys3}<Bs(1'l'°) [0, 0, O] + Exzygz By<1'1'°) [0, 0, O] + ng3yg3 By(l'l'(J> [0, 0, 0] +
1 1 1
Etx2y£3 By *tY [0, 0, 0] + sz y2e3By 2910, 0, 0] + gx3ys3 By 21910, 0, 07| +
1 1
5 KxyeBx[0, 0, 0] +Ktxye?Bx®%Y [0, 0, 0]+ EKtzxys3 Bx(®%2 10, 0, 0] +
1 1 1
—Kxy*e?Bx%19710,0, 0]+ —Ktxy?edBx(®“t V0,0, 0]+ —Kxy>e3Bx(%%Y [0, 0, 0] -
2 2 6
1
Exy2 e2xBs %% 10,0, 0] +xyeBx1%® (0, 0, 0] +Kx?*ye?2Bx%% [0, 0, 0] -
1
—txy?edxBs®%V 0,0, 0] +txye?Bx%V 0,0, 0] +Ktx*yedBx1 %V 0,0, 0]+
2
1 1 1
Etzxye3 Bx(1%2 10, 0, 0] - gxy3 e3xBs11% 10,0, 0]+ ;xy2 e2Bx11:% 10, 0, 0] +
1 1 1
—Kx?y?edBxM 90,0, 0]+ —txy?ed B0, 0, 0] + —xy e Bx(2Y [0, 0, 0] -
2 2 6
1 1 1
—x?y?2e¥xBs®%% (0,0, 0] + —x?ye?Bx?%%[0,0,0] + —Kx}ye3Bx2%% [0, 0, 0] +
4 2 2
1 1 1
—tx?ye3Bx®%VY0,0,0] +—x*y?e3Bx®19[0,0,0]+—x3ye3Bx%%[0,0,0]|]|+
2 4 6
1 4 2,2 0,0,2 2 2 0,0,2 3 0,0,3
ﬂg (6t?x*xBs®%? [0, 0, 0] +6Kt*x* By >*? [0, 0, 0] +4t>xBy®%* [0, 0, 0] +

8tx>xBs %V 0,0, 0] +8Ktx*By ™%V [0, 0, 0] +6t2x*By %2 [0, 0, 0]+
3x*xBs®%% 10,0, 0] +3Kx*By*> %% [0, 0, 0] +4tx’By** [0, 0, 0] +x*By*°%[0, 0, 0])



6 | Expansion of Hamiltonian 4.nb

Simplify[%]

1
— €
24

(-y (4 (6 Bx[0, 0, 0] +te (6Bx**Y [0, 0, 0] +te (3Bx®%?[0,0,0]+teBx®%>[0,0,0])))-6
ye (x(2Bs[0, 0, 0] +te (2Bs > [0, 0, 0] +teBs®%? [0, 0,0])) -
2Bx %9710, 0, 0] -te (2Bx%*Y [0, 0, 0] +teBx®"? [0, 0, 0])) +
4y*e® (Bx“*% 10,0, 0] +teBx®*V [0, 0, 0]) +y’*Bx**% [0, 0, 0]) +
2x (12By[0, 0, 0] +Kye (6Bx[0, 0, 0] +& (6tBx**Y [0, 0, 0] +3t*eBx®%? [0, 0, 0]+
3yBx®m% 70,0, 0] +3tyeBx %P0, 0, 0] +y*eBx**%[0,0,0]))+c (2>
By®%3 710, 0, 0] +3t%¢ (2By®%? [0, 0, 0] +ye (By>*? [0, 0, 0] +Bx***? [0, 0, 0])) +
3t (4By®%Y[0,0,0]+ye (2BYy**Y 10,0, 0] +2Bx*%Y [0, 0, 0] +ye (By®*" [0, 0, 0]+
xBs MY 10, 0, 0] +Bx™Y [0, 0,0]))) +y (6By°*® [0, 0, 0] +
6Bx1*% (0,0, 0] +3ye (By > [0, 0, 0] +xBs*% [0, 0, 0] +Bx""" [0, 0, 0]) +
y>e? (By %10, 0, 0] -2xBs**% [0, 0, 0] +Bx**% [0, 0,0])))) +
3x*e (4By™ ™% 0,0, 0] +4teBy™®V 10, 0, 0] +2t?>?BYy*%? [0, 0, 0] +
K (4By[0, 0, 0] +¢ (2t By % [0, 0, 0] +
2t (2By®%Y [0, 0, 0] +ye (By>* P[0, 0, 0] +2Bx*%V (0,0, 0]))+y (2BYy ™% [0,
0, 0] +4Bx*%% 0,0, 0] +ye (By>*%[0, 0, 0] +2Bx**% [0, 0,0])))) +
2yeBy M9 0,0, 0] +2tye?By ™0, 0, 0] +y?> 2By %% [0, 0, 0] +
x (4Bs[0, 0, 0] +c (2t*eBs®%? [0, 0,0]+2¢t (2Bs> %V [0, 0, 0] +yeBs'®*P [0, 0, 0]) +
y (2Bs®*% 0, 0, 0] +ye (Bs*%[0, 0, 0] +Bs**% [0, 0,0])))) +
2yeBx*%%9710,0, 0] +2tye?Bx**Y (0,0, 0] +y*e’Bx?*% [0, 0,0]) +
2x*e? (2x (2Bs*% [0, 0, 0] +2teBs™%V [0, 0, 0] +yeBs™¥ [0, 0, 0]) +
K (4By*°%[0,0, 0] +4teBy™®P (0,0, 0] +2yeBy*™ ™[0, 0, 0] +3yeBx?%%[0,0,0])+
2By%%% 10,0, 0] +2teBy®%Y [0, 0, 0] +
yeBy®*% 0, 0, 0] +yeBx®%[0,0,0])+
x* e (3xBs®*% (0,0, 0] +3KBY*%% [0, 0, 0] +BY**% [0, 0, 0]))

Coefficient[A2, €]

_yBx[0, 0, 0] +xBy[0, 0, 0]
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Electric field

k=4;
¢l = -Normal[Series[Integrate[e *Ex[e*x, 0, ext], x], {g, O, k}]] +
-Normal[Series[Integrate[e *xEy[0, exy, €e*t], y], {e, O, k}]]

1
-xeEx[0, 0, 0] -yeEy[0, 0, 0] -2 [tyEy® %V (0,0, 0] +—y>Ey®¥% [0, 0,0]]|-
2

1 1
— e (3t?yEy®®? [0, 0, 0] +3ty*Ey™ " [0, 0, 0] +y’Ey**% [0, 0, 0]) - — &
6 24

(4t?yEY®°¥ 10,0, 0] +6t>y*Ey > ¥ [0, 0, 0] +4ty’EYy®*> V[0, 0, 0] +y*EY 3 [0, 0, 0]) -
e? [txEx®%D 0, 0, 0] +%x2 Ex1%0 10, 0, 01] -

1 1
A e (3¢ xEx*%% [0, 0, 0] +3tx*Ex"*Y [0, 0, 0] +x*Ex*%% [0, 0, 0]) - Z€4

(4t®xEx®%¥ 10, 0, 0] +6t>x*Ex™%? [0, 0, 0] +4tx’Ex*" V[0, 0, 0] +x*Ex*%% [0, 0, 0])

@2 = -Integrate[Integrate[D[Normal[Series[Ex[e*x, e*xy, €e*xt], {¢, O, m-1}]], v], x],y]/2-
Integrate[Integrate[D[Normal [Series[Ey[e*x, e*y, €¢*t], {¢, 0, m-1}]1], x], x],vy]/2

1
— |-xyeEx®Y% 710, 0,0 -txye?Ex®YY 0,0, 0] -
2

1 1 1
—tzxys3 Ex(®1¥2) [0, 0, 0] - —xy2 e2Ex(2:%9 10, 0, 0] - —txy2 e3Ex(®2Y 10,0, 0] -
2 2 2

1 1 1
—xy?e3Ex(®3070,0,0] - —x?ye2ExT10 00,0, 0] - —tx?*yePExT Y0, 0, 0] -
6 2 2

1 1
—x2y? 3ExT29 0,0, 0] - —x}ye*Ex?1% 10,0, 0]+
4 6

1
-xyeEBy %9 (0,0, 0] -txye?EyT%Y0,0,0] - —t?xye By %20, 0, 0] -
2

N |

1 1
—xy? 2Byt 90,0,0] - —txy?elEYyTtYio, 0, 0] -
2 2

1 1 1
—xy?’ 3By 2970,0,0] - —x*ye?Ey?®%9(0,0,0] - —tx’yePEY?®%Y 0, 0, 0] -
6 2 2

1 1
sz y> e*Ey? %710, 0, 0] - gx3y53Ey<3'°'°) [0, 0, 0]
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ot = ol + € x 2

1
-xcEx[0, 0, 0] -yeEy[0, 0, 0] -2 [tyEy® %Y (0,0, 0] +—y>Ey®¥% [0, 0,0]]|-
2

1 1
— e (3t?yEy®®? [0, 0, 0] +3ty*EY'®*" [0, 0, 0] +y EYy**% [0, 0, 0]) - — &
6 24

(4t’yEY®®¥ [0, 0, 0] +6t>y* By ®? [0, 0, 0] +4ty*Ey®*Y [0, 0, 0] +y*EY°3*® [0, 0, 0])-

82

1
txEx(®%Y (0, 0, 0] + —x?2Ex*%9 [0, 0, 01] -
2

1
e* (3e2xEx*%? [0, 0, 0] +3tx*Ex* " [0, 0, 0] +x*Ex*%Y [0, 0, 0]) - — ¢&*
24

(4t*xEx®%% 70, 0, 0] +6t>x*Ex**? [0, 0, 0] +4tx’Ex*%Y (0,0, 0] +x*Ex*% [0, 0, 0]) +
1

2

[

1
€ ~xyeEx®1® 0,0, 0] -txye?Ex®VY0,0,0] - —t?xyedEx®¥? [0, 0, 0] -
2

1 1 1
—xy?e?Ex%29700,0,0] - —txy*eEx®ZV 0,0, 0] - —xy* 3 Ex®3Y [0, 0, 0] -
2 2 6

1 1 1
—x?ye?ExMH9 0,0, 0] - —tx*yedExTV 0,0, 0] - —x*y?edExT209 0, 0, 0] -
2 2 4
1 1
—x}ye3Ex@19700,0,0]|+— |-xyeEY %P [0, 0, 0] -
6 2
1 1
txyelEy®%Y 0,0, 0] - —t?xyelry %2 (0,0, 0] - —xy?e2EYyT% 0,0, 0] -
2 2
1 1 1
—txy?elEyTtYi0,0,0] - —xy}efEyT29(0,0, 0] - —x*yelEY®%Y [0, 0, 0] -
2 6 2

1 1 1
—tx?ye3Ey@®%Yi0,0,0] - —x*y?3Ey® ¥ 90,0, 0] - —x}ye3EYE 2970, 0, O})J
2 4 6

¢l = Normal[Series[Integrate[e * (Es[0, O, ext] -Es[0, O, O0]), t], {g, O, k}1]
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First order terms

H1l = Normal [Series[H, {g, 0, 1}]]

€ (-cKp0xf30+eyp0Bx[0, 0, 0] —~-ex30By[0, 0, 0] —~-exEx[0, O, 0] —-eyEy[O, O, 0])
c 30

-p0 +

Cx = Coefficient[H1l, € x]

-cKp0B0-eB0By[0, 0, 0] —-eEx[0, 0, O]
c 30

Cy = Coefficient[H1l, ey]

e 30Bx[0, 0, 0] -eEy[0, 0, O]
c 30
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Second order terms
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Cyy = Coefficient[H2, €"2y"2]
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CP16 = Expand[Coefficient[H2, £€"2P1l6]]
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e (-cKp0x30+eyp0Bx[0, 0, 0] —-exB30By[0, O, 0] —~-exEx[0, O, O] —-eyEy[0O, O, O0])

H, {g, 0, 3}]]

-p0 +

€2 P3xx-Plyx+

1

1 1
e|-—x*xBs[0, 0, 0] - —y?xBs[0, 0, 0] - —Kx?>By[0, 0, 0] -
2 2 2

ex?kBs[0, 0, 0]

c 30

ey?’xBs[0, 0, 0]

et?Es®%V 0, 0,0 1

2c

+

2c

.
2 ¢c? c

y tBx(® %Y 10, 0, 0]

(o]

+

+



Expansion of Hamiltonian 4.nb | 17

xtBy® %Y 0, 0,0] 1 1
’ r +7y2BX(0'1'0)[0, 0, O] —7XYBY(O’1’0)[0, 0, 0] +
c 2 2
1 1
— (-KxyBx[0, 0, 0] -xyBx**%7[0, 0, 0]) - —x*BYy™*"*% [0, 0, 0] | +
2 2
K x (5 N e (xEx[0,0,0]+yEy[0,0,0]) ) <P3 . exBs[0,0,0] )2 (Pl B eyBs[0,0,0] )2
c 1 2¢c 2c
pO |- + — + -
p0 30 2 p0? p0?
&5 4 S (xEX[0,0,0]-yEy([0,0,0)) 2 e (xEx[0,0,0]+yEy[0,0,0]) | ?
6+ : (e : o
+ _
p0’ p0® 50° c p0 S0
xtEx(®%Y 10,0, 0] ytEYy*®%Yi[0,0,0] 1 010
2e |- - + —xyEx®% 10,0, 0]+
[} ] 2
1 2 0,1,0 1 2 1,0,0 1 1,0,0
Ey Ey %970, 0, 0}+;x Ex(}%0 10, 0, O]+ExyEy< 199719, 0, 0] +

5 ex?xtBs®%V10,0,0] ey*xtBs®%Y[0,0,0] et*Es®%2 [0, 0, 0]
- + +

P
2c? 2 ¢c? 6c3

ex?yxBs®t9 10,0, 0] ey’xkBs®10[0, 0, 0]

+ +
2c 4c
ex’xkBs%07[0,0,0] exy*xBs%%7[0,0,0] 1
+ + —
4c 2c c
x?xtBs(®%V 10,0, 0] y*xtBs®%Y[0,0,0] Kx?*tBy*®%Y7[0, 0, 0]
e + + +
2c 2c 2c

y t?Bx(®%2 0,0, 0] =xt?By>%27[0,0,0] y*tBx®¥Yio,0,0] 1 -
- - +—y*Bx®%% 710, 0, 0] -
6

2 c? 2 ¢c? 2c

1 1 1
—x}xBsT%® (0,0, 0] - —xy’xkBs*%% (0,0, 0] - —rkx*By*»>% [0, 0, 0]+
2 3

1

x?2 tBy %110, 0,0] 1 1
+— |-—x*yxBs®9 0,0, 0] - —Kx*yBy®1% [0, 0, 0]+
2| 2 2

2c

(0,1,1)
thBy [0/ 0, 01 B ixyz By(0'2'0> [0’ O, 0} B iXZYBy“"l’O) [O, 0’ 0] .
2 2

(o}
1 (RxytBx(®%Yio,0,0] 1 1
- L T xrxy?Bx(®19 (0,0, 0]+ — xy*xBs%% [0, 0, 0] -
2 c 2 2
xytBx®%Yo, 0,07 1
Kx?yBx1%% 10, 0, 0] + i - —xy?*Bx*¥% [0, 0, 0] -
c 2
1 1
—x?yBx*%%710, 0, 0]| - —x*By* %% [0, 0, 0]+
2 6
. (P3 ) estz[(():,0,0] )2 (Pl ~ eyBsz[c‘):,o,OJ )2 (5 e <xEx[0,o,0Jc+yEy[o,o,0J> 2
pO0 |[-—Kx |- - + -
2 p02 pOZ p02
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2

e (xEx[0,0,0]+yEy[0,0,0])
(6+ 1
(o]
.
p0? 30° c p0 30
xtEx(®%Y 10,0, 0] ytEYy*®%Yi[0,0,0] 1
2e |- - + —xyEx®2®9 70,0, 0]+
[o] c 2

1 1 1
—y*Ey®"®710, 0, 0] + — x*Ex*%% [0, 0, 0] + —xyEYy"°*® [0, O, 01] +
2 2 2

2

P3 exBs[0,0,0]
1 1 3[5 e(xEx[0,0,0]+yEy[0,0,0])] ( A T )
S . _ _
3 | 2p0p0 c p0?
2 N 2 . , 2
(Pl _ eyBs[0,0,0] ) (6 . e (xEx[0,0,0]+yEy[0,0,0]) ) (6 . e (xEx[0,0,0]+yEy[0,0,0])
2c c c
+ - +
p0? p0? p0? 30°
1 xtEx(®%V 10,0, 0] ytEY®%Y[0,0,0] 1
2e |- - + —xyEx®19 70,0, 0]+
c p0 30 c c 2

1 1 1
—y2EY %90, 0, 0] + —x2ExT%9 (0, 0, 0] + —xyEYy %Y [0, 0, 01] -
2 2 2

extBs®%Y 0,0, 0] exyBs(®1%[0, 0, 0]
- + +
2 ¢c? 2c

1
-
po0’

3 exBs[0, 0, 0]
— P3 +
2

2c

ex?Bs%0 0, 0, 0]

4c

T
po0?

eytBs®%b 0, 0, 0] ey?Bs®%®7[0, 0, 0] exyBs™%%7[0, 0, 0]
- - +

2c? 4c 2¢c

xtEx(® %Y 10, 0, 0]

1 eyBs[0, 0, 0]
[plf—

2c

1

2e |6+

e (xEx[0, 0, 0] +yEy[O0, O, 0]>]

(o] (o]

c pO2

ytEy % %Y (0,0, 0] 1 1
L T xyEx®V%(0,0, 0] +—y*Ey®¥ [0, 0, 0] +
2 2

c
1

c p0 30

+

1 1
—x2Ex2%% 0,0, 0] + —xyEYy*®% [0, 0, 0]
2 2

xt?Ex(®%2 710, 0, 0] ytr?Ey®%27(0,0,0] =xytEx(®%Y7i0, 0, 0]
+

2e
2 ¢c? 2c? 2¢c

2 (0,1,1)
y° T Ey [0, 0, 0] 1 1
L T xy?Ex(%297(0, 0, 0] + — y*Ey®2% [0, 0, 0] -
4 6

2c

x? tEx*%Y 10,0, 0] xytEYy®»®Yio,0,0] 1 ) 1o
- + —x*yExTU9 10, 0, 0] +
4

2c 2c

1 1 1
—xy*Ey Y910, 0, 0] + —x*Ex®%9 [0, 0, 0] + —x*yEy? %% 0, 0, 0])]
4 6 4

In[49]:= Cx3 = Coefficient[H3, €73 x"3]; Expand[Cx3]
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e2KBs[0, 0, 0]> e3Bs[0, 0, 0]2Ex[0, 0, 0] e?KEx[0, 0, 0]> e2KEx[0, 0, 0]2
_ . _

8c? po 8 c? p0? B0 2 c?p0 2 c2 p0 302
e3Ex[0, 0, 0]° e3Ex[0, 0, 0]° exBs%9[0, 0, 0] e?Bs[0, 0, 0]Bs%%7[0, 0, 0]
+ - + -
2 c3 po? go® 2 c3 p0? o 12¢c 8 c? po

ekBy %70, 0, 0] exrKEx™"®7[0, 0, 0] e?Ex[0, 0, 0]Ex*"®7[0, 0, 0]
- - +

3c 2¢ 0 2c?p0

e?Ex[0, 0, 0] Ex**%® [0, 0, 0] eBy*%®[0, 0, 0] eEx?®%07[0, 0, 0]

2 2 p0 p02 6c 6 c B0

e?KBs[0, 0, 0]> e3Bs[0, 0, 0]°Ex[0, 0, 0] e*KEx[0, 0, 0]> e?KEx[0, 0, 0]

— + —

8 c? p0 8 3 p02 B0 2c?po 2 ¢? p0 02

e3Ex[0, 0, 0]° e3Ex[0, 0, 0]° exBs:%% [0, 0, 0] e?Bs[0, 0, 0]Bs(%%[0, 0, 0]
+ - + -

2 ¢? po? go° 2 3 p0? pO 12¢ 8 c? p0

ekBy %% [0, 0, 0] exrEx*%®[0,0, 0] e?Ex[0, 0, 0]Ex¥%%7[0, 0, 0]
- +

3¢ 2 ¢ 30 2¢c?p0

e?Ex[0, 0, 0] Ex**%® [0, 0, 0] eBy*%®[0, 0, 0] eEx?0%07[0, 0, 0]

2c2p0[302 6cC 6 c 30
Cy3 = Coefficient[H3, €"3y”"3]; Expand[Cy3]

e3Bs[0, 0, 0]2Ey[0, 0, 0] e3Ey[0, 0, 0]° e3Ey[0, 0, 0]

- - + +
8 3 p0? B0 2 c3 po? go® 2 3 p0? B0
exBs®1% 70,0, 0] e?Bs[0, 0, 0]Bs%¥%[0,0,0] e?Ey[0,0,0]Ey®®7[0,0,0]
+ - +
dc 8 c? p0 2¢c?po

e?Ey[0, 0, 0] Ey'®¥® [0, 0, 0] eBx(®%%7[0, 0, 0] eEy®®297[0, 0, 0]
N _

ZCZPOBOZ 6cC 6 c 30

Cx2y = Coefficient[H3, €73 x"2y]; Expand[Cx2y]

e3Bs[0, 0, 0]2Ey[0, 0, 0] e?KEx[0, 0, 0] Ey[0, 0, 0] e?KEx[0, 0, 0] Ey[0, 0, O]

- + —

8 c3 p0? 30 c? po c? p0 302
3e3Ex[0, 0, 0]°Ey[0, 0, 0] 3e3Ex[0, 0, 0]°Ey[0, 0, 0] exBs®%®[0, 0, 0]
+ + +
2 3 po? go° 2 3 p0? B0 dc

e?Bs[0, 0, 0] Bs®¥® [0, 0, 0] ekBy®'®[0,0,0] exEx(®%%7[0, 0, 0]

4c?p0 4c 2c¢ 0

e?Ex[0, 0, 0] Ex(®*® [0, 0, 0] e%?Ex[0, 0, 0] Ex(®¥® [0, 0, 0]
. _

2 ¢? po 2 ¢2 p0 802

ekBx(1%% [0, 0, 0] e?Ey[0, 0, 0] Ex*0® [0, 0, 0] e?Ey[0, 0, 0] Ex(}%0) [0, 0, 0]
_ N _

2¢ 2¢c?po 2 2 p0 B02

ekKEy %% [0, 0, 0] e?Ex[0, 0, 0] Ey*%®7[0, 0, 0] e?Ex[0, 0, 0]Ey*%%7[0, 0, 0]

— + -

2¢p0 2¢?po 2 c2 p0 02

eBy ™% 10,0, 0] eEx®¥%[0,0,0] eBx?*%%[0,0,0] eEy?®%®7[0, 0, 0]

4c 4 c 30 4c 4 c 30
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Cxy2 = Coefficient[H3, €73 xy”2]; Expand[Cxy2]

e2KBs[0, 0, 0]> e3Bs[0, 0, 0]2Ex[0, 0, 0] e2KEy[0, 0, 0]
- - +

8 c? po 8 c3 p0? B0 2c2po

e?KEy[0, 0, 0]> 3e3Ex[0, 0, 0] Ey[0, 0, 0]> 3e3Ex[0, 0, 0] Ey[0, 0, 0]?

- + —

2 c2 p0 B02 2 3 po? po’ 2 c3 p0? 30

ekBx(®1% [0, 0, 0] e?Ey[0, 0, 0] Ex(®1® [0, 0, 0] e?Ey[0, 0, 0] Ex(®>¥0 [0, 0, 0]

— + —

4c 2¢2po 2 ¢? p0 BO°

ekKEy %% 70, 0, 0] e?Ex[0, 0, 0]Ey®¥®[0,0,0] e?Ex[0,0,0]Ey®¥®7[0, 0, 0]

— + —

2¢c 0 2¢c?po 2 ¢? p0 B02
eBy®2:9 70,0, 0] eEx(®2%9([0,0,0] exBs*%%7[0,0, 0]
- + +
4c 4 c 30 4 c

e?Bs[0, 0, 0] Bs*%% [0, 0, 0] e%?Ey[0, 0, 0] Ey‘*®® [0, 0, 0]
- +

4c?p0 2c?p0

e?Ey[0, 0, 0] Ey'*%% [0, 0, 0] eBx*%%[0,0,0] eEy®¥®[0, 0, 0]

2 2 p0 B02 4c 4 c 30
CP1p3 = Coefficient[H3, £€"3 P1”3]; Expand[CP1p3]
0
CP3p3 = Coefficient[H3, €~3 P3"3]; Expand[CP1lp3]
0
C63 = Coefficient[H3, €"36"3]; Expand[C63]

1 1

.
2p0%230° 2p0? 30
Ct3 = Coefficient[H3, €"3 t”3]; Expand[Ct3]

eEs(®%2) [0, 0, 0]

6c3
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Forth order terms

H4 = Normal[Series[H, {€, O, 4}]]; Expand[H4]

A very large output was generated. Here is a sample of it:

P12 £2 P32 ¢? Kx6e? 52 €2 52 €2 KP1%x e’ ex?ye tEy? Y 10,0,0]
-p0-KpOxe+ + - - + ——— + «<1156> + -
p p 2p0 2p0 530 2p0 2 p0 302 2p0 4c? 30
ex?y?etBx2197(0,0,0] ex’ye!By®1%7(0,0,0] ex3yetEx(?190,0,0] ex?y?etEy?10,0,0]
8c 12 ¢ 12 c 30 8 c 30
ex’ye'Bx®%910,0,0] ex'e’By®™”[0,0,0] ex'c‘Ex°%[0,0,0] ex’yeEy®*%(0,0,0]
12c¢ 24 c 24 c B0 12 c B0

Show Less || Show More || Show Full Output | Set Size Limit...

CPlp4 = Coefficient[H4, €"4P1"4]; Expand[CP1lp4]

1

8 po°
CP3p4 = Coefficient[H4, €"4P3"4]; Expand[CP1lp4]

1

8 po°
CP1lp2P3p2 = Coefficient[H4, €"4P1"2P3"2]; Expand[CP1p2P3p2]

1

4 pO3
CP1lplP3p3 = Coefficient[H4, €"4 Pl P3"3]; Expand[CP1lplP3p3]

0

Higher orders : just for fun

H6 = Normal [Series[H, {¢, 0, 6}]1];
CP1lp6 = Coefficient[H6, €6 P1"6]; Expand[CP1lp6]

1

16 p0°
H14 = Normal [Series[H, {g, 0, 14}]];

CPlpl4 = Coefficient[H14, €~ 14 P1”14]; Expand[CP1lpl4]



