14b. Non-abelian case

First upward shift operator

We first establish the kernel relations, separately for eps=1and eps=-1

n- - Clear[relp, relm]
F = tht[mlh, r]] » f[r, t] < Phi[h, p, r, p]
s31 = (sh[3, 1, F, subnab]// compr)/.r » r-1/.mlh, r-2] - mlh, r]-eps // Simplify
relp[r_] = Solve[(s31 /. eps -» 1) == 0, f[r, t]I[1] // Simplify
relm[r_] = Solve[(s31 /. eps » -1) == 0, f[r, t]][1] // Simplify
our - - f[ry, €]« Phi[h, p, r, p] = tht[mkh, r]]

1
ouf- o ———Phi[3+h, 1+p, -1+, 1+p](2ﬂ' AV2m (2+p-r)t A/Abs[ell] f[r, t]
8 (1+p)
((1+eps) A/mh, r] tht[-1+mh, ri+(-1+eps) A/1+mh, r] tht(l+mh, r]])+
(p+r)(2+h+2p-r+4ellmt?)fl-2+r, t]- tht[-eps +mfh, rl]+
2(p+r)tthtl-eps +mh, r] fOI-2+r, 1))

ouf -+ - {f[r, t]>(@(p+r)((2+h+2p-r+4ellmt?) fl-2+r, t]+2t fOU-24+r, t]))/

(4 V2 2+p-r)t \/Abs[ell] \/m[h, r] )}

ou - J- {f[r, t] - —((i(p+r)((2+h+2p—r+4ellrrt2) fl-2+r, t]+2t f@ -2+, t]))/

(4 V2m @+p-rt AAbsiell] \1+mh, 1))}




Lowest component

o - tht[m[h, -pl] « f[-p, t]~ Phi[h, p, -p, pl]
sh[3, 1, %, subnab]
Coefficient[%, Phifh+3, p+1, -p-1, p+1]]1// Simplify
% . eps » {1, -1}/l Simplify

outf

f[_p’ t] Ph'l[h, P, -P>» p] tht[m[h’ _p]]

(217 A2 m t 4/Abs[ell] f[-p, t]«Phi[3+h, 1L+p, -1-p, 1+p]
((1+eps) 4/mh, -p] tht[-1+mih, -pll+ (-1 +eps) 4/1+mih, -p] tht[L+mh, -p]l)+

outf « J=

ENg

1+p

Phi[3+h, 1+p, 1-p, 1+p]- thtimh, -pll((h+3p+4ell mt?) fl-p, t]+2t fO-p, t]))

Outf

i E t +/Abs[ell] f[-p, t]
\ 2
((1+eps) 4/mh, -p] tht[-1+mih, -pll+(-1+eps) 4/1+mlh, -p] tht[l+mih, -p])

- {i A2 1 t 4/Abs[ell] f[-p, t] A/mh, -p] tht[-1+m[h, -p]],
-i A2 t A/Abs[ell] f[-p, t] /1 +mlh, -p] tht[1+mh, —p]]}

This may be zero for non-zero f_, only if eps =1and m[h, -p] =0.

Outf

So to consider further the case e=1 and -p <ry <p.



o= f2p = fl[rO+2, t]1/. relp[rO+2]/. mh, rO+2] > 1// Simplify

eia =

efeqnth, p, ro, f, ell, 0, 1]/. f(o’l)[2+r0, t] » D[f2p, t]/. f[2+r0O, t] > f2p /. m[h, r0] » O //

Simplify
Coefficient [%, f®?[ro, t]] / Simplify

out - ([ (2Q+p+r0)((h+2p-ro+4ell mt?) flro, t]+2t f®Yro, t]))/(4 N2 (p-ro)t «/Abs[ell])

1
out - 1 {— (h2-432+6h(2+p-4ellmt?)+
12

3:-(16-4nu”+4p°-4r0+r0°-16ell’m’t*+2p(4+ro+4ell mt?)))
flro, tl+t((-1+p+ro) fUre, t1+t f[ro, 1),

1
-—(h*-23°+183nu*-9h’r0+93°r0-3h(j*+3nu*-9ro%)-
9

27 (-nu’r0+r0’+4ellp+p)mt’-8ellmrot’-4ell mro® t?)) f[ro, t]+

p(8-6r0+8ellmt?) flro, t)+4t(-1+p+r0)fUro, t1+tf>ro, t]))}

our - {t%, 3« (2+p+ro)t?}

m-1-3%(2+p+r0)eialll - eiall2] // Factor

1
6+h-2j+3p)«(6+h+j-3nu+3p)«(6+h+j+3nu+3p)flro, t]

Out[ « =

9
Case eps=1and ry=p.

n - - tht[e] « f[p, t]= Philh, p, p, Pl
sh[3, 1, %, subnab]/. eps » 1// Simplify
fp = f[p, t]/. DSolve[% == 0, f[p, t], tl[1]

our - - flp, t]« Philh, p, p, p] « tht[0O]

1

ou - — Phi[3+h, 1+p, 1+p, 1+p]- tht[e]((h+p+4ellmt?) flp, t]+2t f*Yp, 1))

4

1
= (-2 ell 7 t>-(h+p) Log|[t
outf -+ ]= @2 (-2etlr (h+p) Logt)) C;

w- - efeqnlh, p, p, f, ell, 0, 1]1/. f®*)[p, t] =» D[fp, {t, ee}l /. flp, t] » fp // SimpLlify

% Il.{j>(h-3p)/2, nu-2+(h+p)/2}/ SimpLlify

1 . .
ouff « J= {— g ettt (6 h+ h?-3%+3 (4- nu?+2p+ pz)) tZ('h_p)cl,
3

1 ) .
——ectrt (h-zj-3p)(h2+j2-9nu2+2h(j-3p)-6jp+9p2)t2(’h’p)cl}
9

our - - {0, O}

(2+p+r0)(-((h*-4ro+3r0°-16ellnrot’+16ell’ m*t*+2h(2+p-2r0+4ell mt’)+



The K-type is on the boundary of the sector Sect[j].

/- {1, nul} = S1[{(h-3p)/ 2, 2+ (h+p)/2}]
{j2, nu2} = S2[{(h-3p)/2, 2+ (h+p)/2}]

S

1 1

ot {— (6+h+3p), — (2+h—p)}
2 2

our- - {~=3-h, 1+p}

In[ j,(h+6+3p—2j1)
(h+64+3p=232) Il Simplify

Outf /’:0

Outf ,’:3 (4+h+p)

So j’=j1

Second upward shift operator
Kernel relations

mn- - Clear[relp, relm]
F = tht[m[h, r]] « f[r, t] < Phi[h, p, r, p]
sm31 = (sh[-3, 1, F, subnab]/ compr)/.r > r+1/.mh, r+2] - mh, r]+eps // Simplify
relp[r_] = Solve[(sm31 /. eps =» 1) == 0, f[r, tN[1] // Simplify
relm[r_] = Solve[(sm31 /. eps » -1) == 0, f[r, t]I[1] // Simplify
ouf - - flr, t] « Phi[h, p, r, p]= tht[mlh, r]]

1
ouf - - ————Phi[-3+h, 1+p, 1+r, 1+p](—2i V2m (2+p+r)t a/Abs[ell] f[r, t]

8 (1+p)
((-1+eps) A/mh, r] tht[-1+mfh, r]+(1+eps) «/1+mh, r] tht[l+mh, r]])+

(p-r)thtleps +mih, rl((2-h+2p+r-4ellnt’)fl2+r, t]+2t fOU2+r, t]))

o {flr, 1o =(([(p-r)((2-h+2p+r-4ellnt’)fl2+r, +2t FOY2+r, 1)/
(4 V2 @+p+r)t A/absell] y/1+mih, r]))}

out - - {f[r, tl> (f(p-r)((2-h+2p+r-4ellmt?)f2+r, t]+2tfOYU24r, t]))/

(4V2m @+pant /Abs[ell] +/mih, r] )}

To consider eps=-land -p<ry,<p



In[

Outf

Outf

Outf

In[

Out[

Inf

Out[

Out[

Out[

In[

Out[

Out[

In[

Outf

Outf

One component f_,and ro =-p

= tht[0] « f[-p, t] < Phi[h, p, -p, p]
sh[-3, 1, %, subnab]/. eps » -1
fmp = f[-p, t]/. DSolve[% == 0, f[-p, t], t][1]

= ‘f:[—p, t] < Phifh, p, -p, p] =~ tht[0]

1
-—(h-p+4ell wt?) fl-p, t]-Phi[-3+h, 1+p, -1-p, 1+p]~tht[o]+
4

1
— tPhi[-3+h, 1+p, -1-p, 1+p]~ tht[e] f*Y-p, t]
2

: 2
. o2 (2 ell  t?+(h-p) Log[t]) ¢,

I
J=

- eia = efeqn[h, p, -p, f, ell, 0, -11/. f**=)[-p, t] > D[fmp, {t, ee}] /. f[-p, t] -» fmp /.
ell » -Abs[ell] // Simplify

P

1 .
. {— e VA (Lo hih?-§2+3 (4-nul+2p+p’))t: i,
3

1 , hep
— e TS (h 25 43p)(h2+32-9nu+6jp+op +2h(j3p)te cl}
9
I= jj =(h+3p)/2

nuu=2+(p-h)/2

eia/.{j » jj, nu-> nuu}/ Simplify

1
-—(h+3p)
2
1
-2+—(-h+p)
2
{0, 0}

={j1l, nul} = S1[{jj, nuu}]
{i2, nu2} = S2[{jj, nuu}]

-{3-h, 1+p}

1 1
= th-ze@ep, - @-h-p)}
2 2

- h-6-3p=-23j1// Simplify
h-6-3p-23j2/ Simplify

35 (-4+h-p)

-0

So we can take j'sj2



Cases - p <r0<p
Consider the eigenfunction equations for r=r0

- from2 = f[ro -2, t]1/. relm[r0 -2]/. mfh, -2 +r0] > 1
our ([ (2Q+p-r0)((-h+2p+r0-4ell mt?) flre, t]+2t f*Yro, t]))/(4 N2 (p+ro)t '\/Abs[ell])

n- - eia = efeqnth, p, ro, f, ell, 0, -11/. f*Y[ro -2, t] » D[from2, t]/. f[-2+r0, t] » from2 /.
ell » -Abs[ell] / Simplify

1
our ]{E (48 +h*-432-12nu*+24p+12p>-6h(2+p)+12r0-6pr0+3r0”+24 (h+p)mt’>Abs[ell]-
48 r? t* Abs[el1]?) f[ro, t]+t((-1+p-r0) f®Y[ro, t1+t f*I[ro, t),

1
-—((h-23-3r0)(h*+3*-9nu”>+2h(j-3r0)-63jr0+9ro°)+
9
3
108 (2 p+p” - (-2+r0) ro) t”> Abs[ell]) f[rO, t]+ — « (2+p - r0)
4
(-4+h-3r0)(h-2p-rO)+8m(-h+p+2r0)t> Abs[ell]+ 16 n* t* Abs[el1]?) f[rO, t]+
4t((1-p+ro)fOre, t]-t O ro, t]))}
- - Coefficient[eia, f(®?[ro, t]]/f Simplify
our - {t%, =3 (2+p-r0) t?}

- eial2l+(6+3 p-3r0)eialll // Factor

1
ouf ) —— «(-6+h-23-3p)«(-6+h+j-3nu-3p)-(-6+h+3j+3nu-3p)fro, t]
9



