12c. Non-abelian eigenfunction modules

See §3.4.2.3
Eigenfunction equation, separately for ¢=1 and -1

m- - Clear[f, nu, j, ell, m, h]
{degp, relp} = efeqn[h, 0, 0, f, ell, m, 1]/. p - O // Simplify
{degm, relm} = efeqn[h, 0, 0, f, ell, m, -1]/. p » 0 // Simplify
1

out - - {E (h*-24ellhnmt’-4(j?+3 - (-4+nu’+4ellmt’+4ell” n’ t%))- 96 mr t* Abs[ell]) f[O, t]+

1
t(-3 %Y, 11+t f®2e, t]), -— (h-23j)(h*+2hj+j*>-9nu?) fle, t]}
9

1
out « - {— (h*-24ellhmt?-4(j?+3 - (-4+nu’+4ellmt’+4ell’ n* t%))- 96 « (1 +m)  t* Abs[ell])
12

1
flo, t1+t (-3 f@ Y0, t1+t f° 2o, t]), -— (h-23)(h*+2hj+3j*-9nu?) flo, t]}
9

- - relp Il Factor

relm // Factor

1

ot - =—(h=23)(h+3-3nu)(h+J+3nu)flo, t]
9
1

ouf- - == (h=23)(h+3j-3nu)(h+j+3nu)flO, t]
9

In both cases we can choose h=2j

n- - {dqp, dgm} = {deqp, deqm} /. h - 2j /. ell1 "2 » Abs[ell]*2 // Simplify
ot {~((-4+nut+4ellmt’+4elljrt’+8mmt’ Abs[ell]+4 ni” t* Abs[el1]?) f[0, t])+
t (-3 f® Y0, 1+t f* 2o, 1)),
~(-4+nu*+4ellmt’+4ell jmt’+8 - (L+m)mt®Abs[ell]+4 i t* Abs[ell]?) f[O, t])+
t (-3 f® Yo, 11+t £, t))

Parameters

mn - - Clear [kap]
dgpl =dqp /. m-> -kap- ( j+1)/2/. {8 ell » 8 Abs[ell], 16 ell -» 16 Abs[ell]} // Simplify
dgml =dgm /. m-> -kap- (-j+1)/2/.{8ell » -8 Abs[ell], 16 ell » -16 Abs[ell]} // Simplify
o - =((-4+nu”+4ellnt’+4elljnt’-4-(1+7+2kap)mt’Abs[ell]+4 rr* t* Abs[el1]?) [0, t])+
t (-3 f® e, 1+t f® Yo, t])

o =((-4+nuP+dellmt’+4elljrmt’+4 - (1+]-2kap)mt®Abs[ell]+4 ” t* Abs[ell]?) f[O, t])+
t (-3 f® Y0, 1+t f® 2o, t])

Expected form of solutions



m - 1= Clear[wh, tau]
ff = twh[2 Pi Abs[ell] t*2];
{dqp2, dqm2} = {dgp1l, dgm1} /. {f[0, t] » ff, f(>°)[@, t]: D[ff, {t, ee}]} /.
t - Sqrt[tau]/Sqrt[2 Pi Abs[ell]] // Simplify
ouf - J- {( Vtau (-((2ell(1+J)tau+(-1+nu®-2 - (1+j+2kap) tau + tau’) Abs[el1]) wh[tau]) +
4 tau? Abs[ell] wh”[tau]))/(\/z Iis Abs[e11]3/2),
('\/tau (-((2ell (1 +j)tau+(-1+nu®+2 - (1+j-2kap) tau + tau®) Abs[ell]) wh[tau]) +
4 tau? Abs[ell] Wh”[tau]))/(\/z T Abs[e11]3/2)}

m - 1- Solve[dqp2 == 0, wh ' '[tau]][1]
ftp = wh ' '[tau]/wh[tau]/. % /. Abs[ell] -» ell // Simplify
Solve[dgm2 == 0, wh ' '[tau]][1]
ftm = wh ' '[tau]/wh[tau] /. % /. Abs[ell] » -ell // Simplify

s}
I

(- {wh”[tau] > ((2 e11 tau + 2 ell j tau - Abs[el1] + nu? Abs[ell] - 2 tau Abs[ell] -
2 j tau Abs[ell] - 4 kap tau Abs[ell]+ tau® Abs[ell]) wh[tau]) /(4 tau® Abs[el1])}

-1+nu?-4kap tau+ tau?

outf « ]=

4 tau?

our- - {wh"[tau] -» ((2 e11 tau + 2 ell j tau - Abs[el1] + nu® Abs[ell]+ 2 tau Abs[ell]+
2 j tau Abs[ell] - 4 kap tau Abs[ell]+ tau® Abs[ell]) wh[tau]) /(4 tau® Abs[el1])}

-1+nu?-4kap tau+ tau?

Outl « ]=

4 tau?

- - Clear[X]
ft = {ftp, ftm} /. tau » 1/X /I Simplify ;
co=Fft/.X>0
cl = Coefficient [ft, X] // Simplify
c2 = Coefficient [ft, XA2]/ Simplify
1 1
4 4
our - - {~kap, —kap}
1 1

outr ,z,{— -1+nu?), — —l+nu2}
S L), S (L)

This confirms that we have the Whittaker differential equation with the parameters indicated in the
text.



