[ In this Maple file we compute the Hamiltonian evolutions of the Darboux coordinates (q,p) for the P1
| case. We also split the deformation space into trivial and non-trivial directions.

The deformation operator is \hbar (alphal5\partial {t {\infty"{(1)},5} +alphal4\partial {t {\infty"{
(1)},4}+alphal3*\partial {t {\infty"{(1)},3} +alphal2*\partial {t {\infty"{(1)},2}-+alphall*\partial
_{t_{\infty”{(1)},1}))
> restart:

rinfty:=3:

with (LinearAlgebra) :

tinfty25:=-tinftyl5;

tinfty23:=-tinftyl3;

tinfty21l:=-tinftyll;

tinfty20:=-tinftyl0;

tinfty24:=tinftyl4;

tinfty22:=tinftyl2;

tinftyl0:=0;

Pinftyll:=-(tinftyl4+tinfty24)/2;

Pinfty0l:=-(tinftyl2+tinfty22)/2;

Pinfty32 := -(1/4)*tinftyl5+2;
Pinfty22 := -(1/2)*tinftyl5*tinftyl3+(1/4)*tinftyl4+2;
Pinftyl2 := -(1/2)*tinftyl5*tinftyll+(1/2)*tinftyld*tinftyl2-

(1/4) *tinftyl3+2;
Pl:=x-> Pinfty0l+Pinftyll*x;
P2:=x-> Pinfty02+Pinftyl2*x+Pinfty22*x*2+Pinfty32*x"3;

clAsymp := (6*alphal5*tinftyl2*tinftyl5-6*alphal5*tinftyl3¥*
tinftyl4+10*alphal3*tinftyl4*tinftyl5-15*alphal2*tinftyl15+2)/(30%*
tinftyl5+2):

c2Asymp :=(4*alphal5*tinftyl4-5*alphal4*tinftyl5)/(20*tinftyl5) :
muAsymp := - (2* (3*alphal5*tinftyll*tinftyl5-3*alphal5*
tinftyl322+5*%*alphal3*tinftyl3*tinftyl5-15*%alphall*tinftyl15+2))/
(15*tinftyl1543) :

nuAsymp:= - (2* (3*alphal5*tinftyl3-5*alphal3*tinftyl5))/(15*
tinftyl512):

dPldlambda:=unapply (diff (P1 (lambda) ,lambda) ,lambda) :
dP2dlambda:=unapply (diff (P2 (lambda) ,lambda) ,lambda) :
L:=Matrix(2,2,0):

L[1,1]:=0:

L[1,2]:=1:

L[2,1] :=-P2(lambda)+Pinfty02 +C - p*h/(lambda-q) :
L[2,2]:= Pl(lambda) +h/(lambda-q)

A:=Matrix(2,2,0):




A[l,1] :=c2*lambda”*2+cl*lambda+c0+ rho/ (lambda-q):
A[l,2]:=2*alphal5/5/tinftyl5*lambda+nu+ mu/ (lambda-q) :
A[2,1]:=AA21 (lambda) :

A[2,2] :=AA22 (lambda) :

dAdlambda:=Matrix(2,2,0):

for i from 1 to 2 do for j from 1 to 2 do dAdlambda[i,j]:=diff (A
[1,J],1lambda): od: od:

L;
A;

J:=Matrix(2,2,0):

J[1,1]:=1:

J[1,2]:=0:

J[2,1] :=-p/ (lambda-q) :

J[2,2]:=1/ (lambda-q) :

dJdlambda:=Matrix(2,2,0):

for i from 1 to 2 do for j from 1 to 2 do dddlambda[i,j]:=diff (J
[1,J],1lambda) : od: od:

J:

CurlyLJ:=Matrix(2,2,0):

CurlyLJ[1,1]:=0:

CurlyLJ[1,2]:=0:

CurlylLJ[2,2] :=diff (J[2,2],q) *CurlyLg+diff (J[2,2],p) *CurlyLp+h¥*
diff(J[2,2],t):

CurlyLJ[2,1] :=diff(J[2,1],q) *CurlyLg+diff (J[2,1],p) *CurlyLp+h*
diff(J[2,1],t):

CurlylLdJd:

Lnew:=simplify (Multiply (Multiply(J,L) ,J*(-1))+h*Multiply
(dJdlambda,J”*(-1))):

Anew:=simplify (Multiply (Multiply(J,A),J*(-1))+Multiply (CurlyLJd,J"
(-1))):

tinfty25 == - tinftyl5
tinfty23 = - tinftyl3
tinfty21 == - tinftyl1

tinfty20 == - tinfty10



tinfty24 == tinftyl4
tinfy22 == tinftyl2
tinftyl0 == 0
Pinftyl ] == - tinftyl4
Pinfty01 := - tinftyl2
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_Using the compatibility equation \mathcal {L}[L]=h\partial x A+[A,L] we can obtain A[2,1] et A[2,2]
|_from the trivial first line of L(\lambda)
> CurlyL:=h*dAdlambda+ (Multiply (A,L)-Multiply(L,A)):
Entryll:=CurlyL[1l,1]:
Entryl2:=CurlyL[1l,2]:

AA2]1 :=unapply (solve (Entryl1=0,AA21 (lambda) ) ,lambda) :
AA21bis:=h*dAdlambda[l,1]+A[1,2]*L[2,1]:

simplify (AA21 (lambda) -AA21bis) ;
AA22:=unapply (solve (Entryl2=0,AA22 (lambda) ) ,lambda) :
AA22bis:=h*dAdlambda[l,2]+A[1,1]1+A[1l,2]*L[2,2]:

simplify (AA22 (lambda) -AA22bis) ;

simplify (Entryll);
simplify (Entryl2) ;
CurlyL:=h*dAdlambda+ (Multiply (A,L) -Multiply(L,3)):
0
0
0
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[ The next step is to use the compatibility equation on L[2,2] et L[2,1] to get the evolutions of the
| Darboux coordinates:

> Entry22:=simplify (CurlyL[2,2]):
Entry22TermLambdaMinusqCube :=factor (residue (Entry22* (lambda-q) *2,
lambda=q)) ;
Entry22TermLambdaMinusqCarre:=factor (residue (Entry22* (lambda-q) ,
lambda=q) ) ;
Entry22TermLambdaMinusq:=factor (residue (Entry22,lambda=q)) ;

Entry22TermLambdaInfty4:=factor (-residue (Entry22/lambda”5,lambda=
infinity));
Entry22TermLambdaInfty3:=factor (-residue (Entry22/lambda”4,lambda=
infinity)) ;
Entry22TermLambdaInfty2:=factor (-residue (Entry22/lambda”3,lambda=
infinity));
Entry22TermLambdaInftyl:=factor (-residue (Entry22/lambda”2,lambda=
infinity));
Entry22TermLambdaInfty0:=factor (-residue (Entry22/lambda, lambda=
infinity)) ;

simplify( Entry22- (Entry22TermLambdaMinusqCarre/ (lambda-q) 2+
Entry22TermLambdaMinusq/ (lambda-q)
+Entry22TermLambdaInfty0+Entry22TermLambdaInftyl*lambda+
Entry22TermLambdaInfty2*lambda*2+Entry22TermLambdaInfty3*
lambda”3+Entry22TermLambdaInfty4*lambda”4) ) ;

L[2,2];

Entry22TermLambdaMinusqCube := 0
Entry22TermLambdaMinusqCarre :=

- #ﬁy” (h (-5 uwq tinftyl4 tinftyl5+2 ad5 h q + 5 h v tinftyl5

— 5 Wtinftyl2 tinftyl5 + 10 p tinftyl5) )
Entry22TermLambdaMinusq = 0
Entry22TermLambdalnfty4 := 0
Entry22TermLambdalnfty3 := 0
Entry22TermLambdalnfty2 := 0

4 h (tinftyl4 al5 — 5 ¢2 tinfiyl5)
) 5 tinftyl5
h (5 v tinftyl4 tinfiyl5 + 2 a5 tinftyl2 — 10 1 tinftyl5)
5 tinftyl5

Entry22TermLambdalnftyl =

Entry22TermLambdalnfty() = -
0
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Since the deformation operator is \hbar (alphal5\partial {t {\infty*{(1)},5} +alphal4\partial {t
{\infty"{(1)},4}+alphal3*\partial {t {\infty"{(1)},3} +alphal2*\partial {t {\infty"{(1)},2}+alphall*
\partial {t {\infty~{(1)},1} ) we get the evolutions of q and so consistency equations for the singular
part at infinity

> L220rderLambda2:=-residue (L[2,2]/lambda”*3,lambda=infinity) ;
L220rderLambdal :=-residue (L[2,2] /lambda”*2,lambda=infinity) ;
L220rderLambdal:=-residue (L[2,2] /lambda”l,lambda=infinity) ;
Equationl:=factor (simplify (h* (alphal5*diff (L220rderLambdal,
tinftyl5)+alphald*diff (L220rderLambdal, tinftyl4)+alphal3*diff
(L220rderLambdal, tinftyl3) +alphal2*diff (L220rderLambdal, tinftyl2)
+alphall*diff (L220rderLambdal, tinftyll)) -
Entry22TermLambdaInftyl)) ;
Equation2:=factor (simplify (h* (alphal5*diff (L220rderLambdal,
tinftyl5)+alphald*diff (L220rderLambdal, tinftyl4)+alphal3*diff
(L220rderLambdal, tinftyl3) +alphal2*diff (L220rderLambdal, tinftyl2)
+alphall*diff (L220rderLambdal, tinftyll) ) -
Entry22TermLambdaInfty0)) ;

L220rderLambda?2 = 0
L220rderLambdal = - tinfty14
L220rderLambda0 = - tinftyl2

h (5 od4 tinftyl5 — 4 tinfty14 o5 + 20 c2 tinftyl5)

Equationl = -
quation 5 tinfiyl5
, h (-5 v tinftyl4 tinftyl5 + 5 a2 tinftyl5 — 2 al 5 tinfty12 + 10 ¢l tinftyl5)
Equation2 := - 5 tinftyls C))

> CurlyLqg:=factor (Entry22TermLambdaMinusqCarre/h) ;
CurlyLgbis:=-mu*P1l (q) -2*rho-h*nu-2/5/tinftyl5*alphal5*h*q;
factor (simplify (series (CurlyLg-CurlyLgbis,nu=0))) ;

CurlyLq =
1
- (- inftyl4 tinftyl5 +2 a5 h hv tinftyl5
SﬁWWU( 5 Wq tinftyl4 tinftyl5 + 2 o q +5 hvtinfty
— 5 Wtinftyl2 tinftyl5 + 10 p tinfty15)
2al5hq
Lgbis == -\ ( -q tinftyl4 — tinftyl2) —2p—hvV— ————
CurlyLqbis W (-q tinfty tinftyl2) p % 5 tinfiyls

_ 0 S)
;Let us now look at the compatibility equation for \mathcal {L}[L {2,1}]
> Entry2l:=simplify (CurlyL[2,1]):
Entry21TermLambdaMinusqCube:=factor (residue (Entry21* (lambda-q) *2,
lambda=q) ) ;
Entry2lTermLambdaMinusqCarre:=factor (residue (Entry21* (lambda-q),
lambda=q)) ;
Entry2lTermLambdaMinusq:=factor (residue (Entry21,lambda=q)) ;




Entry2l1TermLambdaInfty6:=factor (-residue (Entry21l/lambda”7,lambda=
infinity)) ;
Entry2lTermLambdaInfty5:=factor (-residue (Entry21l/lambda”6,lambda=
infinity)) ;
Entry2lTermLambdaInfty4:=factor (-residue (Entry2l1/lambda*5,lambda=
infinity));
Entry2l1TermLambdaInfty3:=factor (-residue (Entry21l/lambda”4,lambda=
infinity)) ;
Entry2lTermLambdaInfty2:=factor (-residue (Entry21l/lambda”3,lambda=
infinity)) ;
Entry2lTermLambdaInftyl:=factor (-residue (Entry2l1/lambda”2,lambda=
infinity));
Entry2lTermLambdaInfty0:=factor (-residue (Entry21l/lambda, lambda=
infinity)) ;

simplify( Entry2l- (Entry2lTermLambdaMinusqCube/ (lambda-q) *3+
Entry2l1TermLambdaMinusqCarre/ (lambda-q) *2+
Entry21TermLambdaMinusq/ (lambda-q)
+Entry2lTermLambdaInftyO0+Entry2l1TermLambdaInftyl*lambda+
Entry2l1TermLambdaInfty2*lambda*2+Entry2lTermLambdaInfty3*lambda“3
+Entry2lTermLambdaInfty4*lambda”“4+Entry2l1TermLambdaInfty5*
lambda”5+Entry21TermLambdaInfty6*lambda”6

) )
L[2,1];

EnﬂyZ]TénnLambdbAﬁhuquube===3h2(p;1+-p)

Entry21TermLambdaMinusqCarre = - m (h(5u q3 tinftyl 5
+ 10 ¢ tinftyl5” tinftyl3 W — 5 tinftyl5 g tinftyl4* w + 10 W q tinftyl1 tinfty15*
—10quﬁﬂ2Wﬂﬂ4Mﬁﬂ5+5uqﬁ@bk¥Mﬁﬂ5—4aquh—lOWﬂﬂShpv

+ 10 tinftyl5 q tinftyl4 p + 20 tinftyl5 C p+ 10 tinftyl5 tinftyl2 p) )

Entry21TermLambdaMinusq = (h (15 wq” tinfyl5® + 20 tinfty15” q tinfty13

1
" 20 tinftyl5
— 10 tinftyl5 q tinftyl4* W + 40 tinfty15 g h c2 + 10 tinftyl5* tinftyl 1 p
— 10 tinftyl5 tinftyl2 tinftyl4 W+ 5 tinftyl5 tinfty] 3 W+ 8 a5 p h + 20 tinftylS h cl
+ 20 tinftyl5 tinftyl4p) )

Entry21TermLambdalnfty6 = 0

Entry21TermLambdalnfty5 = 0
Entry21TermLambdalnfty4 = 0

h ol 5 tinftyl5

Entry21TermLambdalnfty3 = >

Entry21TermLambdalnfty?2 =
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20 tinftyl5
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;We now solve the compatibility equation for each term

> rho:=factor (solve (Entry2lTermLambdaMinusqCube, rho)) ;
simplify (rho- (-p*mu)) ;

simplify (Entry2lTermLambdaMinusqCube) ;

p=-pU
0
0

L210rderLambda4 :=-residue (L[2,1]/lambda”5,lambda=infinity) ;
L210rderLambda3:=-residue (L[2,1] /lambda”*4,lambda=infinity) ;
L210rderLambda2:=-residue (L[2,1] /lambda”3,lambda=infinity) ;
L210rderLambdal :=-residue (L[2,1] /lambda”*2,lambda=infinity) ;
L210rderLambda0:=-residue (L[2,1] /lambda”l,lambda=infinity) ;
Equation3:=factor (simplify (h* (alphal5*diff (L210rderLambda3,
tinftyl5)+alphald*diff (L210rderLambda3, tinftyl4)+alphal3*diff
(L210rderLambda3, tinftyl3) +alphal2*diff (L210rderLambda3, tinftyl2)
+alphall*diff (L210rderLambda3, tinftyll)) -
Entry21TermLambdaInfty3)) ;
Equation4:=factor (simplify (h* (alphal5*diff (L210OrderLambdaZ2,
tinftyl5)+alphal4*diff (L210rderLambda2,tinftyl4)+alphal3*diff
(L210rderLambda2, tinftyl3)+alphal2*diff (L210rderLambda2, tinftyl2)
+alphall*diff (L210rderLambda2, tinftyll)) -
Entry2lTermLambdaInfty?2)) ;
Equation5:=factor (simplify (h* (alphal5*diff (L210rderLambdal,
tinftyl5)+alphal4*diff (L210rderLambdal, tinftyl4)+alphal3*diff
(L210rderLambdal, tinftyl3) +alphal2*diff (L210rderLambdal, tinftyl2)
+alphall*diff (L210rderLambdal, tinftyll)) -
Entry2lTermLambdaInftyl)) ;

(6)
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Equationl:=factor (simplify (Equationl)) ;
Equation2:=factor (simplify (Equation2)) ;

L210rderLambda4 = 0
' 2
L210rderLambda3 = tinftyl5™

4
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L210rderLambda0 = C
Equation3 := 0

1
20 tinftyl5
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1 e 3 . 2. . . 2
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+10 ol 1 tinfzyIS2 — 10 o2 tinfty14 tinftyl5 + 10 od 3 tinfty13 tinftyl5
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h (5 al4 tinftyl5 — 4 tinftyl4 od 5 + 20 ¢2 tinftyl5)

Equationd = (h (- 15 tinfryl5> v 4 10 o3 tinftyl5* — 10 od4 tinftyl4 tinftyl5

Equation5 =

Equationl = -
auaton 5 tinftyl5
Equation2 = - h (-5 v tinftyl4 tinftyl5 + 5 o2 tinfty]S —2 a5 tinftyl2 + 10 cl tinftyl5) ®)
L 5 tinftyl5
> solve({Equationl,Equation2,Equation4,Equation5},{c2,cl,mu,nu});
o= ©)

- ;2 ( 15 a2 tinfzy152 — 10 a3 tinfty 14 tinftyl5 — 6 al5 tinftyl2 tinftyl5
30 tinftyl5

5 al4 tinfryl5 — 4 tinfryl4 ol 5
20 tinfiyl5 s

+ 6 al5 tinftyl3 tinftyl4), ¢2 = -

I (2 (15 od1 tinftyl5* — 5 a3 tinftyl3 tinftyl5 — 3 tinftyl5 ol tinfiyl ]

15 tinftyl S
2 (5 ai3 tinftyl5 — 3 ol 5 tinftyl3
3 a5 tinfiyl ) ). v = 2\ injty o1 tinfly )
> clbis := (6*alphal5*tinftyl2*tinftyl5-6*alphal5*tinftyl3¥*

tinftyl4+10*alphal3*tinftyl4*tinftyl5-15*alphal2*tinftyl15+2)/(30*
tinftyl512) ;

c2bis:= (4*alphalS5*tinftyl4-5*alphald*tinftyl5)/(20*tinftyl5) ;
mubis:=(2* (-3*alphal5*tinftyll*tinftyl5+3*alphal5*tinftyl342




-5*alphal3*tinftyl3*tinftyl5+15*alphall*tinfty15+2))/(15*

tinftyl543);

nubis:=-(2* (3*alphal5*tinftyl3-5*alphal3*tinftyl5))/ (15*

tinftyl512) ;

simplify (clbis-clAsymp) ;

simplify (c2bis-c2Asymp) ;

simplify (mubis-muAsymp) ;

simplify (nubis-nuAsymp) ;

clbis ==

I S
30 tinftyl5
— 6 al5 tinftyl 3 tinftyl4)

(-15 od2 tinftyl5* + 10 od3 tinftyl4 tinftyl5 + 6 o5 tinftyl2 tinftyl5

-5 al4 tinftyl5 + 4 tinftyl4 od 5

2bis =
oo 20 tinftyl5

mubis =
2 (15 a1 tinftyl5* — 5 o3 tinfiyl3 tinftyl5 — 3 tinftyl5 o5 tinftyl1 + 3 a5 tinftyl3°)

15 tinftyl5°
2 (-5 ad3 tinftyl5 + 3 al5 tinfiyl3)

15 tinfty15*
0
0
0
0

> CurlyLpfunction:=unapply (-Entry2l1TermLambdaMinusq/h,C) :

nubis = -

> Csol:=solve (Equation7,C) :
Csolbis:=p”*2- P1l(q) *p+P2(q) -Pinfty02:
factor (series (Csol-Csolbis,p=0)) ;
0
> Curlylp:=factor (simplify (CurlyLpfunction(Csol))):
CurlyLlpbis:=mu* (p*diff (Pl (q) ,q) -diff(P2(q),q))
+h*2/5/tinftyl5*alphal5*p
+2*h*c2*g+h*cl:
factor (series (CurlylLp-Curlylpbis,g=0)) ;
L 0
[ Conclusion: We have verified that the formulas for cl,c2,mu, are compatible with the theory.
Moreover, we get the evolutions of the Darboux coordinates:
L[q]=2*mu*p-mu*P1(q)-h*nu-2/5/tinfty1 5*alphal 5*h*q;
_L[p] = mu*(p*diff(P1(q),q) -diff(P2(q),q))+h*2/5/tinfty15*alphal 5*p+2*h*c2*q+h*cl
> CurlyLgbis:=2*p*mu-mu*Pl (q) -h*nu-2/5/tinftyl5*alphal5*h*q:
factor (simplify (series (CurlyLg-CurlylLgbis,g=0)))
L 0
> Hamiltonian:= mu* (p*2+P2(q)-p*P1l(q) ) ~h*nu*p-2/5/tinftyl5*h*
alphal5*p*q -h*c2*gq*2-h*cl*q:

10)

> Equation7:=simplify (Entry2lTermLambdaMinusqCarre- (-p*h*CurlylLq)):

1

12)

13)



simplify (CurlyLp- (-diff (Hamiltonian,q)))
simplify (CurlyLg- (diff (Hamiltonian,p)));

0
L 0 14)
> C:=Csolbis:
cl:=clbis:
c2:=c2bis:

mu:=mubis:

| nu:=nubis:

| Decomposition of the tangent space into trivial and non-trivial directions

> Tl:=tinftyl3/(2*rinfty-3)* (1/2*tinftyl5)~ (- (2*rinfty-3)/ (2*
rinfty-1));
T2:=(1/2*tinftyl5)~ (2/ (2*rinfty-1)) ;
tau:=(1/2*tinftyl5) ~ ((2*rinfty-3-2*1)/ (2*rinfty-1))*1/2*tinftyll;
checkq:=T2*qg+T1;
checkp:=T2* (-1) * (p-1/2*P1(q)) ;

taultheo:=unapply( (1/2*tinftyl5)” (- (2*rinfty-5)/ (2*rinfty-1))*
1/2*tinftyll- (2*rinfty-5)/(2*rinfty-3)/2*(1/2*tinftyl3)*2*(1/2*
tinftyl5)~ (-2* (2*rinfty-3) / (2*rinfty-1)), tinftyll);
tinftylltheo:=unapply( 2*T2%(1/2)* (taul+T142* (2*rinfty-3) * (2*
rinfty-5)/2+2/(2')), taul);
simplify(tinftylltheo(taultheo(t)));
_tinfy132°]°
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> LuMinuslT1l:=h/2* (5*tinftyl5*diff (T1l,tinftyl5)+4*tinftyl4*diff (T1,
tinftyl4)+3*tinftyl3*diff (T1,tinftyl3)+2*tinftyl2*diff (T1,
tinftyl2)+1*tinftyll*diff (T1,tinftyll));

checkq =

checkp =

taultheo = tinftyll —




LuMinuslT2:=h/2* (5*tinftyl5*diff (T2, tinftyl5)+4*tinftyl4*diff (T2,
tinftyl4)+3*tinftyl3*diff (T2,tinftyl3)+2*tinftyl2*diff (T2,
tinftyl2)+1*tinftyll*diff (T2, tinftyll));

simplify (LuMinuslT2-h*T2) ;

LuMinuslPl:=unapply( h/2* (5*tinftyl5*diff (Pl (lambda) ,tinftyl5)+4*
tinftyl4*diff (P1 (lambda) ,tinftyl4)+3*tinftyl3*diff (P1(lambda),
tinftyl3)+2*tinftyl2*diff (P1(lambda) ,tinftyl2)+1*tinftyll*diff (P1
(lambda) , tinftyll)), lambda) ;

CurlyLgfunction:=unapply (CurlylLgbis,halphals5,
alphal4,alphal3,alphal2, alphall):

CurlyLpfunction:=unapply (CurlyLpbis,alphal5,alphal4,alphal3,
alphal2,alphall):

LuMinuslqg:=CurlyLgfunction (5*tinftyl5/2,4*tinftyl4/2,6 3*
tinftyl3/2,2*tinftyl2/2,1*tinftyl1/2);

LuMinuslp:=CurlyLpfunction (5*tinftyl5/2,4*tinftyl4/2,63%*
tinftyl3/2,2*tinftyl2/2,1*tinftyl1/2);

LuMinuslcheckq:=simplify (h/2* (5*tinftyl5*diff (checkq, tinftyl5)+4*
tinftyl4*diff (checkq, tinftyl4)+3*tinftyl3*diff (checkq, tinftyl3)
+2*tinftyl2*diff (checkq, tinftyl2)+1*tinftyll*diff (checkq,
tinftyll)) +diff (checkq, q)*LuMinuslg+diff (checkq,p) *LuMinuslp) ;
LuMinuslcheckp:=simplify (h/2* (5*tinftyl5*diff (checkp, tinftyl5)+4*
tinftyl4*diff (checkp,tinftyl4)+3*tinftyl3*diff (checkp, tinftyl3)
+2*tinftyl2*diff (checkp, tinftyl2)+1*tinftyll*diff (checkp,
tinftyll)) +diff (checkp,q)*LuMinuslqg+diff (checkp,p) *LuMinuslp) ;
LuMinusITI == 0
h 2315 tinfip152 13

LuMinuslT?2 = )

0
h (-4 Mtinftyl4 — 2 tinfty12)
2
LuMinuslg :=-h q
LuMinuslp == p h
LuMinusIcheckq == 0
LuMinusIcheckp = 0 (16)

LuOTl:=h/2* (3*tinftyl5*diff (T1l,tinftyl3)+2*tinftyl4*diff (T1,
tinftyl2)+1*tinftyl3*diff (T1l,tinftyll));

simplify (LuOT1-h*T2) ;

Lu0T2:=h/2* (3*tinftyl5*diff (T2, tinftyl3)+2*tinftyl4*diff (T2,
tinftyl2)+1*tinftyl3*diff (T2, tinftyll));

simplify (Lu0T2) ;

LuOPl:=unapply( h/2* (3*tinftyl5*diff (Pl (lambda) ,tinftyl3)+2%*
tinftyl4*diff (P1 (lambda) ,tinftyl2)+1*tinftyl3*diff (P1 (lambda),

LuMinusIPl := A —




tinftyll)),lambda) ;

LuOcheckq:=simplify (h/2* (3*tinftyl5*diff (checkq, tinftyl3)+2*

+diff (checkq, q) *LuOg+diff (checkq, p) *Lulp) ;
LuOcheckp:=simplify (h/2* (3*tinftyl5*diff (checkp,tinftyl3)+2*

+diff (checkp, q) *LuOg+diff (checkp,p) *Lulp) ;
B 2315 infiy1 52| 3

LuOT1 : >
0
Lu0T2 := 0
0
LuOP1 := A\ — -h tinftyl4
LuOg :==-h
LuOp =0

LuOcheckq := 0
L LuOcheckp == 0
| > We define tdp:=p-P1(q)/2
> p:=tdp+P1l(q)/2:
CurlyLtdp:=simplify( CurlyLp-dPldlambda (q)/2*CurlyLq
- 1/2*h* (alphal5*diff (P1(q) ,tinftyl5)+alphal4*diff (P1(q),
tinftyl4)+alphal3*diff (P1(q),tinftyl3)+alphal2*diff (P1(q),
tinftyl2)+alphall*diff (P1(q) ,tinftyll)) ):
> CurlyLtdpbis:=mu* (diff (P1l(q)*2/4-P2(q),q))+h*2/5/tinftyl5%*
alphal5*tdp:
factor (series (CurlyLtdp-CurlyLtdpbis,g=0)) ;
u 0
> simplify(CurlyLg- ( 2*mu*tdp-h*nu-2/5/tinftyl5*alphal5*h*q)) ;
0
[ We get that \mathcal {L}[q]=2*mu*tdp-h*nu-h*2/5/tinfty 1 5*alphal 5*q;

mathcal {L)[tdp] = mu*(diff(P1(q)"2/4-P2(q),q))+h*2/5/tinfty 1 5*alphal 5*tdp

| Hamiltonian= mu*tdp”2 -h*2/5/tinfty15*alphal 5*q*tdp -mu*(P1(q)"2/4-P2(q)) -h*nu*tdp
> mufunction:=unapply (mubis,alphal$,
alphal4,alphal3, alphal2, alphall);

tinftyl4*diff (checkq, tinftyl2)+1*tinftyl3*diff (checkq, tinftyll))

tinftyl4*diff (checkp, tinftyl2)+1*tinftyl3*diff (checkp,tinftyll))

nufunction:=unapply (nu,alphal5,alphal4,alphal3,alphal2,alphall);
c2function:=unapply (c2,alphal5,alphal4,alphal3,alphal2,alphall);

LuOq:=CurlyLgfunction(0,0,3*tinftyl5/2,2*tinftyl4/2,1*tinftyl13/2)

LuOp:=CurlyLpfunction (0,0,3*tinftyl5/2,2*tinftyl4/2,1*tinftyl13/2)

7)

(18)

(19)



clfunction:=unapply(cl,alphal5,alphal4,alphal3,alphal2,alphall);
CurlyLgfunction:=unapply (CurlylLq,alphal5,alphal4,alphal3,alphal2,
alphall, g, tdp):

CurlyLtdpfunction:=unapply (CurlyLtdp,alphal5,alphal4,alphal3,
alphal2,alphall, q, tdp):

CurlyLcheckgfunction:=unapply( h* (diff (T2, tinftyl5) *alphal5+diff
(T2,tinftyl4) *alphald4+diff (T2, tinftyl3) *alphal3+diff (T2, tinftyl2)
*alphal2+diff (T2,tinftyll) *alphall) *gfunction+ T2*CurlyLgfunction
(alphal5,alphal4,alphal3,alphal2,alphall,gfunction, tdpfunction)+
h* (diff (T1l,tinftyl5) *alphal5+diff (T1l,tinftyl4) *alphal4+diff (T1,
tinftyl3) *alphal3+diff (T1l, tinftyl2) *alphal2+diff (T1l,tinftyll) *
alphall),

alphal5,alphal4,alphal3,alphal2,alphall):

CurlyLcheckpfunction:=unapply (-h/T222* (diff (T2, tinftyl5) *alphal5+
diff (T2,tinftyl4) *alphal4+diff (T2,tinftyl3)*alphal3+diff (T2,
tinftyl2) *alphal2+diff (T2, tinftyll) *alphall) *tdpfunction+T24 (-1) *
CurlyLtdpfunction (alphal5,alphal4,alphal3,alphal2, alphall,
gfunction, tdpfunction),
alphal5,alphal4,alphal3,alphal2,alphall):
mufunction == (al5, a4, al3, al2, ol 1)
> ;3 (2 (15 ad1 tinfryl5* — 5 ol 3 tinfty13 tinftyl5
15 tinftyl5
— 3 a5 tinfyl 1 tinftyl5 + 3 o5 tinftyl3*) )

2 (-5 o3 tinfiyl5 S tinfiyl3
nufunction == (al5, o4, 0d3, al2, ol 1) v - (-5 od3 tinftyl5 + 3 od5 tinftyl3)

15 tinftyl5
c2function = (adS, a4, o3, cd2, ad1) > —>4%1 i”’;%];n}rly“]?]'s tinfty 14
clfunction = (0{]5, old, al3, ol 2, Odl) (20)
(15 Q12 tinfiy]5® + 10 ad3 tinfiy14 tinfiy]5 + 6 od5 tinfiyl2 tinfiyl5

30 tinftyl5”

| —6 alS tinftyl 3 tinftyl4)

| Evolution in direction w2

> mufunction(0,1,0,0,0);
nufunction(0,1,0,0,0) ;
c2function(0,1,0,0,0) ;
clfunction(0,1,0,0,0) ;
CurlyLgfunction(0,1,0,0,0,q, tdp);
CurlyLtdpfunction(0,1,0,0,0,q,tdp);
simplify (CurlyLcheckgfunction(0,1,0,0,0));
simplify (CurlyLcheckpfunction(0,1,0,0,0));




OOOOOLl_OO

i (21)
| Evolution in direction w1
> mufunction(0,0,0,1,0);
nufunction(0,0,0,1,0);
c2function(0,0,0,1,0) ;
clfunction(0,0,0,1,0);
CurlyLgfunction(0,0,0,1,0,q,tdp) ;
CurlyLtdpfunction(0,0,0,1,0,q,tdp);
simplify (CurlyLcheckgfunction(0,0,0,1,0));
simplify (CurlyLcheckpfunction(0,0,0,1,0));
0
0
0
1
2
0
0
0
0 (22)

;Evolution in direction u0

> mufunction(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,1/2*tinftyl3);
nufunction(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,1/2*tinftyl3);
c2function(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,1/2*tinftyl3);
clfunction(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,1/2*tinftyl3);
CurlyLgfunction(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,1/2*tinftyl3,q,
tdp) ;
simplify (CurlyLtdpfunction(0,0,1/2*3*tinftyl5,1/2*2*
tinftyl4,1/2*tinftyl3,q,tdp));
simplify (CurlyLcheckgfunction(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,
1/2*tinftyl3));
simplify (CurlyLcheckpfunction(0,0,1/2*3*tinftyl5,1/2*2*tinftyl4,
1/2*tinftyl3));

SO = O

I
=

o O



L 0 (23)
| Evolution in direction u_{-1}
> mufunction (1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*3*tinftyl3,1/2*2%*
tinftyl2,1/2*tinftyll);
nufunction (1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*3*tinftyl3,1/2*2*
tinftyl2,1/2*tinftyll);
c2function (1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*3*tinftyl3,1/2*2%*
tinftyl2,1/2*tinftyll);
clfunction(1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*3*tinftyl3,1/2*2%
tinftyl2,1/2*tinftyll);
CurlyLgfunction (1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*3*tinftyl3,1/2*
2*tinftyl2,1/2*tinftyll, q, tdp);
simplify (CurlyLtdpfunction(1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*3%*
tinftyl3,1/2*2*tinftyl2,1/2*tinftyll, q,tdp));
simplify (CurlyLcheckgfunction(1/2*5*tinftyl5,1/2*4*tinftyl4,1/2*
3*tinftyl3,1/2*2*tinftyl2,1/2*tinftyll));
simplify (CurlyLcheckpfunction (1/2*5*tinftyl5,1/2*4*tinftyl4,1/2%
3*tinftyl3,1/2*2*tinftyl2,1/2*tinftyll));
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